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ENGINEERING. 





REINFORCEMENT OF 
BRANCH PIECES. 


By J. S. Brat, B.Sc., M.I.Mech.E. 
I. General.—It is generally recognised that, when 


a hole is cut in a pipe for the introduction of a 
branch, the pipe is weakened against the effects of 
internal pressure, and that, unless some form of 
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main, since such treatment would necessitate a 
great length of pipe being unnecessarily thick. The 

i increase in thickness, also, may be incon- 
venient, due to increased stiffness. 

Various proposals have been put forward from 
time to time for adding reinforcement to branch 
pieces, but many of these have been based on 
fallacious ideas and often effect little or no improve- 
ment in strength. When assessing the relative 
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Investigations have been made previously into 
methods of assessing the reduction instrength caused 
by cutting a hole in the pipe, although the majority of 
these have been concerned more with relatively 
small holes in large cylindrical vessels, such as 
boilers. Reinforcement, or compensation as it is 
called, for such openings, has often taken the form 
of a ring applied round these relatively small open- 
ings to compensate for the loss of metal due to the 
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Fie. 4. UNREINFORCED 60-pEG. BraNcH Pigece YIELDING UNDER 


INTERNAL PRESSURE. 


compensation or reinforcement is provided round or 
near the junction point, the complete branch piece 
will not withstand such severe working conditions 
as would a straight pipe of the same dimensions. 
The most obvious method of allowing for this 
reduction in strength is, of course, to make the 
branch piece thicker than the rest of the main. 
While this is a suitable solution in many cases, it is 
not always practicable or economical, particularly in 
cases in which a welded branch occurs in a long 





merits of reinforcements, consideration should also 
be given to the economic aspect. It is often possible 
to reinforce a branch piece by adding metal in an 
inefficient way, such as by increasing the general 
thickness, as mentioned previously, but the most 
efficient reinforcements utilise the minimum addi- 
tional metal by placing it in the most advantageous 
position, provided always that such a reinforcement 
is not ruled out by being too costly to make or 


apply. 
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hole. Branches in pipes, however, come into a 
somewhat different category, in that the hole cut 
in the pipe is often a large proportion of the total 
circumference ; in fact, the type of branch most 
frequently requiring compensation is anequal branch, 
that is, one having the same diameter as that of the 
barrel. 

No adequate treatment of such a condition ap- 
peared to have been undertaken, nor had any com- 
pletely satisfactory type of reinforcement been 
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series of investigations into the strength of unrein- 
forced branches, and, if possible, to develop a type 
of reinforcement which would make the complete 
reinforced branch piece capable of withstanding as 
high an internal pressure as a straight pipe of the 
same dimensions. A suitable relationship was found 
from which the strength of any form of unreinforced 
branch piece could be determined, and a type of 
reinforcement was designed which proved more than 
adequate, making the branch piece in fact stronger 
than the corresponding straight pipe. This ‘‘triform”’ 
reinforcement has been covered by British Patent 
No. 519,027. 

The question of the strength of branch pieces 
against externally applied forces also arises, and 
many types of reinforcements have been devised in 
the past for this purpose, consisting of straps to pre- 
vent the branch pipe from being pulled out, gusset 
plates to prevent bending actions coming on the 
pipes, and similar devices. An investigation was 
made, therefore, into this matter also, and it was 
shown that such methods frequently resulted in 
weakening the branch piece rather than strengthen- 
ing it, especially against alternating stresses, and 
that the reinforcement developed against internal 
pressure was itself sufficient against externally 
applied forces. 

The investigation has extended intermittently over 
a period of about ten years, and the experience 
gained in the earlier tests has modified considerably 
the theoretical considerations and the technique of 
testing and manufacture. It is not possible to cover 
every investigation in detail, but since useful infor- 
mation on various subjects connected with the 
investigation has been obtained, and, in order not 
to break the continuity of the main argument, such 
information has been placed in a series of appendices. 

This report, therefore, falls into three main parts. 
(1) The development of a type of reinforcement 
(triform) to give adequate strength against internal- 
pressure stresses. This includes the determination 
of the relative strength of unreinforced branch 
pieces and the hydraulic pressure testing of a variety 
of types of reinforcement. (2) The demonstration 
that this triform arrangement is satisfactory as a 
reinforcement against externally applied forces, both 
static and vibrational, and that the various other 
types tested are unsatisfactory. (3) Various appen- 
dices dealing with other investigations carried out in 
connection with these tests, methods of carrying out 
the tests, etc.; together with detailed worked, 
examples showing the method of designing reinforce- 
ments. 

The whole subject of strength of branches and 
their reinforcement is a v wide one, and an 
investigation to cover the whole field of sizes and 
types of branches, etc., would involve a prohibitive 
amount of work. In order to reduce it to reasonable 
proportions, it was necessary to concentrate princi- 
pally upon certain types and sizes. The size and 
types of test piece upon which most of the work has 
been carried out has been 6} in. outside diameter by 
+ in. thick 90-deg. and 45-deg. equal branch pieces, 
made from hot-finished seamless open-hearth mild- 
steel tubing, the junction between branch and barrel 
being made by electric-arc welding. Due to the 
long period covered by these tests, it has not always 
been possible to obtain exactly the same material 
for all the test pieces, but substantially the same has 
been used, namely, steel conforming to the require- 
ments of B.S. 806, class B, and having a tensile 
strength of about 28 tons per square inch and a 
yield point of about 18 tons per square inch. , 

The chemical analysis of the material naturally 
varies somewhat, but is generally within the follow- 
ing percentage limits: phosphorus, 0-015 to 0-03 ; 
sulphur, 0-02 to 0-03; manganese, 0-4 to 0-6; 
carbon, 0-11 to 0-15. Therefore, unless otherwise 
stated, the above properties have been assumed as 
representative of any given test piece, although a 
large number of tensile tests were carried out. In 
cases where the physical properties of the material 
are particularly important for the evaluation of 
stresses, as in the case of the vibration tests, the 
actual value has been calculated for each test piece. 
In addition to the above-mentioned size and type of 
test piece, a number of tests were carried out on 
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Various sizes of branch and barrel. Tests were, of 
course, also carried out on straight pipes, 6} in. 
outside diameter and } in. thick. 

This method of investigating one size thoroughly, 
with occasional checks on other sizes and types, is 
considered adequate in this connection, since it will 
be realised that actual size does not play a very 
important part in this question of reinforcement, 
the relative values of thickness, diameter, etc., being 
the important factors. Also, it is unnecessary to 
use extreme accuracy with regard either to the 
measurement of dimensions or of physical properties 
of the material ; at best such determinations are only 
samples and are not necessarily fully representative 
of the average value for the branch piece as a whole, 
and it is generally this average value which deter- 
mines the strength and behaviour of the complete 
branch piece. Thus, provided that the variations 
in thickness, dimensions, etc., are within reasonable 
commercial limits, the mean values have usually 
been taken ; but, where special circumstances make 
it advisable for exact values to be used, these are 
specially determined. In all cases, of course, mea- 
surements of thickness and other dimensions were 
made for every test that was carried out, but it is 
not considered worth while to reproduce these in 
detail where the mean value has finally been adopted. 
One of the more important considerations in these 
tests has been the quality of the welding, since a 
branch piece might fail at a low pressure due to 
poor welding and not due to the design factors under 
consideration. The general run of welding, while 
it has improved appreciably over the past ten years, 
has nearly always been adequate to ensure that 
failure did not occur prematurely as a result of 
insufficient strength in the welding; in fact, in no 
case was there any premature failure due to the 
welding of branch to barrel, though in a few of the 
earlier tests there was some faulty welding of rein- 
forcement to branch piece. It may be assumed, 
therefore, that the weakness of unreinforced branches 





branches and Y-pieces at other angles and with 
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the branch to the barrel, but to the peculiar shape 
of the junction point. In fact, welding alone can he 
applied in such a way—as, for example, by building 
up the surface—that it forms a certain amount of 
reinforcement by itself. Furthermore, to avoid the 
introduction of any extraneous stresses, the branch 
pieces were stress-relieved in all cases, prior to test - 
ing. The actual welding of the various branch 
pieces was made by means of Fleetweld No. 5 elec- 
trodes, the ends of the branches being scarfed. 

All the earlier tests in connection with the develop- 
ment of the triform reinforcement were internal- 
pressure tests, generally carried out to destruction. 
The yield pressure was noted usually by the appear- 
ance of Liiders’ lines in a resin coating applied to the 
specimen, and the tests were then continued until 
bursting occurred. The pressures were measured 
by means, of either indicating or recording gauges. 
Details of the resin method and of the methods of 
testing, both for these internal-pressure tests and for 
tests described later, which were carried out with 
static bending forces and vibration, will be given in 
Appendix II. 

The nomenclature used in connection with branch 





is due, not to any inadequacy of the weld joining 





pieces is shown in Figs. 1 and 2, on page 1; Fig. 3 
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isa Y piece. D and d refer to the outside dia- 
meter and bore, respectively, of the barrel, while 
D’ and d’ refer to the branch. Zones requiring 
reinforcement are shown cross-hatched. The 
following special terms have been used in connection 
with this investigation :— 

Pressure Strength Ratio (P.S.R.).—This is the ratio 
of the strength of a branched pipe under internal 
pressure compared with that of the “ equivalent 
straight pipe”; that is, it is the ratio of the yield 
pressure (or the bursting pressure) of the actual 
reinforced or unreinforced branch piece to the yield 
pressure (or bursting pressure) of the straight un- 
branched pipe of the same dimensions as the barrel. 
The symbol used for this ratio is “8.” 

Zone Requiring Reinforcement.—This is the junc- 
tion of the branch and barrel and consists of the part 
of the barrel bounded by lines at right angles to the 
axis of the barrel passing through the point at which 
the bore of the branch touches the bore of the barrel 
(see Fig. 2). Thus, when projected at right angles 
to the common plane of the branch and barrel this 
“zone requiring reinforcement” is a rectangle of 


- d 
height d, and length Pe 


ing reinforcement ” is more particularly applicable 
to unreinforced branch pieces. Where a reinforce- 
ment is actually applied to a branch piece, the term 
‘ reinforced zone ” may be used to refer to the same 
part. 

Area Requiring Support.—Since the P.S.R. of an 
unreinforced branch is less than unity, it may be 
considered that a certain amount of the zone requir- 
ing reinforcement is unsupported by the surrounding 
pipe material. This “area requiring support,” 
therefore, is equal to (1 — 8) times the projected 
area of the zone requiring reinforcement, and from 
this area and the internal pressure can be obtained 
the load which the reinforcement is required to 
carry. 

Il.—Reinforcement against Internal Pressures.— 
To determine the pressure strength ratio (P.S.R.) 
for various branch pieces, it is necessary to know the 
strength, under internal-pressure conditions, of the 


The term “ zone requir- 
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the material and the thickness of the pipe, but, since 
tensile test samples cut from various pipes are bound 
to vary, it is often better to make an actual bursting 
test on some typical pipes, and from that to establish 
a basis for other calculations. In this way, a more 
accurate mean value, taking account both of thick- 
ness and physical properties, can be obtained for 
the exact pipe and material under consideration. 
A considerable number of bursting tests, both on 
straight lengths and on straight parts of branch 
pieces, has been carried out during this investigation, 


TABLE I.—Test Results on Pipes. 














Yield Bursting 
— ure. Pressure. 
Lb. per sq. in. | Lb. per sq. in. 
| 
! | 
Range of values from 11 test | | 
results + es ..| 3,000-3,800 4,800—5,500 
Mean of test results .. i 3,200 | 5,200 
Corresponding yield point } | 
tons per sq. in. 18 — 
Corresponding ultimate strength) | 
tons per sq. in. | = | 28 





and also a very large number of measurements has 
been made of the dimensions of the pipe. Most of 
the tests, as previously mentioned, were carried out 
on pipes nominally of 6} in. outside diameter and 
} in. thick. It was found that, for this pipe, the 
mean thickness was approximately 0-26 in., while 
tensile tests gave values of from 15 tons to 19 tons 





equivalent straight pipe. This can be obtained, of 
course, by calculation from the tensile properties of 





per square inch for the yield point, and 23 tons to 
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30 tons per square inch for the ultimate strength. 
Calculating back from the mean values of the yield 
pressures and bursting pressures for this pipe gives 
mean values of 18 tons and 28 tons per square inch 
for the yield point and ultimate strength, respec- 
tively. The test results were as given in Table I, 
herewith. 

The formule used in the above calculations are 


Barlow’s formula for the yield pressure: P = aft, 


and, for the bursting pressure, the mean-diameter 

formula, namely 

_ 2fT 

“D—P 

where T = thickness, D = outside diameter, and 

f = stress. It will be seen from this that, for other 

sizes of pipe of the same material, values may be 

caleulated on the above assumptions, namely, 18 tons 

and 28 tons per square inch yield point and ultimate 
respectively, using an appropriate mea- 

sured thickness. 

A considerable number of tests was carried out 
and information obtained from published data with 
regard to equal branches at angles of 45 deg., 60 deg. 
and 90 deg. While most of the tests in this connec- 
tion were carried out on tubes of 6} in. outside dia- 
meter, a considerable range of other sizes was 
included and the results are summarised in Table II, 
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herewith. It will be noted that there is a certain 
TABLE II.—Tests of Equal Branches. 
—. Pressure Strength Ratio. Ratio to 
ae Strengt! Si 

Branch - 7 of 90-deg. Sin a. 
a deg. Usual Range.| Mean. Branch. 

45 0-4-0-6 0-5 0-72 0-707 

60 0-5-0-7 0-6 0-86 0-866 

90 0-6-0-8 0-7 1-00 1-000 














amount of overlap in the ranges for each angle of 
branch, but this is unavoidable in view of the fact 
that the branches were fabricated from ordinary 
commercial pipe, subject to the usual dimensional 
tolerances, variations in physical properties, etc. 
The figures apply to the P.S.R. both at the yield 
pressure and at the bursting pressure. 

Tt will be seen from the last two columns of 
Table II that the ratios for the various branches 
are proportional to the sines of the angles of the 
branch. This is to be expected, since the rectangular 
“gone requiring reinforcement” has a projected 

7 a2 
area of ——, or —— in the case of an equal branch. 

sina’ sin @ 

Thus, the ratios are inversely proportional to the 
areas of the zones requiring reinforcement. Since 
the P.S.R. of a 90-deg. branch is 0-7, that of any 
other angle of branch is S=0-7sina. Figs. 4,5 
and 6, on pages 1 and 2. show various unreinforced 
test pieces after yielding and after bursting. In the 
originals of Figs. 4 and 5, the Liiders lines are clearly 
visible. Fig. 4 shows a 60-deg. branch piece yielding 
under internal pressure. Fig. 5 illustrates a 60-deg. 
branch piece which has burst on the face, at the 
side of the weld, the fracture being in the centre of 
the zone requiring reinforcement. In Fig. 6, a 
45-deg. branch piece, the fracture is also in the 
centre of this zone. 

The value of 0-7 sin « for the P.S.R. applies to 
equal branches at any angle. Obviously, less rein- 
forcement is required, and therefore the P.S.R. value 
is larger, if the branch is smaller than the barrel. 
Since the P.S.R. is equal to 1 if the branch has no 
diameter, and is equal to 0-7 sin « when the branch 
is of equal diameter to the barrel, as a first approxi- 
mation a linear relationship may be taken between 
the complement of the P.S.R. and the ratio of the 
diameters of branch and barrel. Thus, if this ratio 


ca be equal to B, the P.S.R. for a branch at any 


angle is given by 

P.S.R. = 1 —[B(1 — 0-7sin a)}. 
A certain number of tests, carried out on unequal 
branches, show that this is only approximately cor- 
rect, there being a tendency for the P.S.R. to be 
lower than the calculated value for small angles of 
branches. The effect—which, however, is not very 
marked—may be due to experimental errors and is 
not considered worth a special allowance, particu- 
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Fig. 15. Comprensatina-Rinc Tyre AFTER Burstina TEstT. 


larly in view of the fact that small-diameter branches 
at angles more acute than about 50 deg. are not likely 
to be met with. 

Since, in general, both branch and barrel have to 


withstand the same internal pressure, the > tatio 
of each should be the same. 


= 
the use of commercial sizes of pipe, the actual > 


In practice, due to 


ratio of branch and barrel may be slightly different. 
T 
Obviously, the lowest D ratio will govern the maxi- 


mum permissible pressure. It might be considered 
at first sight that the fact that the branch, for 


example, has a higher . ratio than the barrel, will 


make the resulting unreinforced branch piece slightly 
stronger; that is, the P.S.R. will be raised by the 
additional amount of material provided in the 
unnecessarily thick branch. While this is probably 
true to a slight extent and would cause an appreci- 


able increase in strength if the branch > ratio were 

very greatly in excess of the required figure, in 
T 

practice the differences between the D ratio of the 


branch and barrel are usually comparatively small, 
and the increase in P.S.R. so introduced is negligible. 
In view of this, no modification to the P.S.R. need 
be made in the few cases in which there is a slight 


T 
difference in D ratio between branch and barrel, 


T 
the lowest 75 ratio being used in all cases. The 


general formula for the P.S.R. for any branch piece 
therefore becomes :— 

§ = 1 — B(1 —&,). 
where S, is the P.S.R. of the corresponding equal 
branch piece. 

While theoretically even the smallest of branches 
will weaken the barrel to some extent, practical and 
economic considerations make it unnecessary to 
reinforce branches which are small in comparison 
with the barrel. For example, B.S. 806 (“‘ Ferrous 
Pipes and Piping for Land Boilers ”’) only stipulates 
reinforcement in the case of equal branches and in 
practice no reinforcement need be used on branch 
pieces having a P.S.R. of 0-85 and over. Thus, it 
is unnecessary in the case of a 90-deg. branch to 
provide reinforcement if the branch is less than half 
the diameter of the barrel, and similarly, for a 
45-deg. branch, reinforcement is unn if the 
branch is less than approximately one-third of the 
diameter of the barrel. 

To make the effect of various reinforcements more 
evident, most of the tests were made on 45-deg. 
branch pieces, since these are weaker than those of 
greater angle; and, although all are included here 
under preliminary tests, some were actually tested 
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at a later stage. Details of the reinforcements tried 
in these earlier tests are given in Figs. 7 to 14, on 
pages 2 and 3; although the various types tested 
showed some increase in strength over an unreinforced 
test piece, in no case did they give sufficient improve- 
ment to justify their use. Tests of a similar type of 
compensating ring had been made in America, but, 
in spite of the American claim that this reinforce- 
ment is adequate, their test piece failed in the 
reinforced zone, while the ring shown in Fig. 15 
only gave a P.S.R. of 0-78. It is interesting 
to note the relative weight of added metal in the 
different types and its varying effectiveness. These 
tests formed a useful basis for design, and, in par- 
ticular, showed clearly that where the reinforcement 
was inadequate, Liiders lines, which appeared on 
the branch round the zone requiring reinforcement, 
were of the curved and crossed type, indicating 
bending stresses. As will be seen later, when adequate 
reinforcement is applied, the Liiders lines not only 
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Strap-TyrPE REINFORCEMENT YIELDING IN PRESSURE TEST. 


do not appear round the zone requiring reinforce- 
ment until they have appeared elsewhere, but the 
first to appear are of the straight axial type, indicat- 
ing hoop stresses. Figs. 15 to 17, on this page, show 
some of the reinforcements under test. 

(T'o be continued.) 
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Carpentry. By W. B. McKay, M.Sc.Tech., M.1.Struct.E.; 
and Joinery, by the same author. Longmans, Green 
and Company, Limited, 43, Albert-drive, London, 
S.W.19. [Price 7s. 6d. net, each.) 

THESE two books follow works by the same author 
on Building Construction and on Brickwork, in the 
now well-known Building Craft Series. Like their 
predecessors, they have been prepared with the 
assistance of experienced craftsmen and craft 
teachers, and are intended to cover between them 
the syllabuses in theoretical carpentry and joinery 
in the first and second years of the courses provided 
in colleges which prepare students for the examina- 
tions of the City and Guilds of London Institute, 
and in courses provided under the Government 
training schemes. Carpentry is taken to include 
permanent structures in wood such as floors, roofs, 
partitions, etc., and temporary structures such as 
timbering, shoring, centring, and formwork for 
concrete ; and joinery to include the lighter forms 
of woodwork such as doors, windows, staircases, 
cupboards and panelling, in which much more 
labour is expended on less material and much more 
of the work is done in the workshop than at the site, 
than is the case with carpentry. The two volumes 
are intended to be used together. The characteris- 
tics, appropriate methods of conversion, seasoning, 
etc., of different classes and grades of timber are 
dealt with in Carpentry, which also contains a chap- 
ter on drawing equipment and drawing. Though 
these matters are also of importance to joiners, 
they are not repeated in the companion volume, 
but this contains a chapter on woodworking 
machines. Both volumes are fully illustrated by 
clear line drawings, sketches and isometric views, 
which are lucidly explained in the text. 

These books are not intended to cover building 
science, but it seems regrettable that in the chapter 
on “ Soundproofing,” in the volume on Carpentry, 
examples should be given which conflict with the 
best modern practice, without any warning to the 
student of their demerits. For instance, in Fig. 130, 
example ‘‘O” shows the plan of a partition which 
embodies both double studs and insulating boards 
behind plaster. Either of these serves to check the 
direct transmission of vibrations from one plaster 
face to the other through the studs, but very little 
improvement is gained by employing both, and one 
is therefore redundant. Example “ P ” shows lath 
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and plaster on double studs, with a quilt draped 
through the cavity. A quilt in such a position serves 
no useful purpose and therefore involves unne 
expense. Timber connectors are described on page 
200 of the same volume, but no illustration is given 
of their use. These devices have been widely used 
in America and have led to marked economy in 
engineering carpentry. Their use for such work in 
this country will doubtless become important as 
soon as the supply of suitable timber improves. 
It is to be hoped that this section will be extended 
in future editions of this useful book. 





A Handbook of Woodcutting. By P. Harris, B.Sc. (Eng.), 
A.M.1.Mech.E. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 9d. net.] 

WHETHER a pamphlet of 44 pages may be properly 

described as a “ handbook ” is, perhaps, debatable, 

but there are many more pretentious volumes which 
will prove, on examination, to contain a much 
smaller quantity of really useful information than 
this monograph that Mr. Harris has compiled for 
the Forest Products Research branch (in which he is 
officer-in-charge of the woodworking section) of the 

Department of Scientific and Industrial Research. 

A prefatory note by Mr. F. Y. Henderson, the 

Director of Forest Products Research, includes 

the statement that “ no publication at present avail- 

able appears to give adequate information on the 
many factors involved in sawing and machining 
operations’; a rather surprising assertion, even if 
it be intended (as presumably it is) to refer only to 
the sawing and machining of wood. We do not 
question its accuracy, however; and the concise 
survey presented by Mr. Harris should be particu- 
larly welcome on that account. The preface adds 
that, as far as possible the mathematics of the subject 

have been omitted, but will be dealt with later in a 

separate work; its advent will be awaited with 

interest, and we hope that eventually the two may 
be published together in a single cover, more durable 
than the paper which encases this Handbook. 

After a brief introduction, directed principally to 
emphasise the need for a high standard of accuracy 
in, and efficient maintenance of woodworking tools, 
and the economic importance of these factors, Mr. 
Harris considers first the various kinds of saws— 
reciprocating, circular, and band. Planing, mould- 
ing, tenoning and mortising machines are then 
dealt with in that order, and then follow sections 
on the operations of boring and turning, which, 
together with some tables and an excellent index, 
complete the pamphlet. Except for a single plate, 
showing the effect of reducing the cutting angle in 
planing a timber with interlocked grain, the illus- 
trations are all from line drawings; most of them 
show either tooth profiles for various cutting 
purposes, or methods of setting the different kinds 
of rotating cutters of planing machines, etc. Detailed 
specifications are given for the teeth of saws of the 
several types, when used on various classes of timber; 
and the effect of variations in the form of rotating 
cutters is well brought out. Typical of the thorough- 
ness which characterises the whole production is 
the comparison of the action of the principal types 
of auger bits used to bore holes in wood. The pam- 
phlet is one which should be studied by apprentices 


_and journeymen in the workshop, as well as by 


designers of woodworking machinery, an ideal which 
its modest cost makes easily practicable ; they may 
disagree with the author on some minor points, but, 
we should say, on very few. 





Workshop Technology. Part II. By Dr. W. A. J. 
CHAPMAN, M.I.Mech.E. Edward Arnold and Company, 
41, Maddox-street, London, W.1. [Price 10s. 6d. net.) 

In introducing the second volume of his workshop 

trilogy, Dr. Chapman observes that Part I has 

made so many friends that he has every confidence 
in offering its successor. It is gratifying, but in 
no way unexpected, to learn that the public whom 
he addressed—‘‘ the men who do fine engineering 
work and those who aspire to it ’’—confirm the 
good opinion that we expressed of Part I when it 
was reviewed three years ago, on 505 of our 
155th volume. Part II exhibits the same excellence 
in arrangement, clarity and conciseness in descrip- 
tion, and skill in selecting and illustrating tools and 
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operations, that characterised Part I. The third 
part, which is promised, will deal with “the many 
related and contributory processes”’ which, com- 
bined with the workshop guidance already given, 
should provide the assiduous student and appren- 
tice with ‘‘ a thorough insight into the elements of 
workshop technology.”” Those who read with under- 
standing, however, and allow their minds to probe 
a little more deeply than the printed page, should 
acquire also some measure of philosophical insight 
(whether they realise it or not) which will enhance 
immensely their appreciation of good work and 
their determination to achieve it themselves; and 
if they do not learn, in addition, something of the 
art of writing a clear technical description, the fault 
will be their own. 

The field covered in Part II includes machine 
tools in general, and the operations of turning, 
shaping, planing, slotting, milling. drilling and 
boring, and grinding. The main body of the text 
is preceded, however, by an excellent opening 
chapter on accuracy, interchangeability and gauging, 
and another on measurement and precision work ; 
and at the end of the book are appendices dealing 
with the Newall and the British Standard systems 
of limits and fits, Brown and Sharpe tapers, and the 
various ‘‘ British Standard Specifications of Interest 
to the Workshop Engineer.’”’ The book provides an 
adequate preparation in its subject for the City 
and Guilds intermediate and final examinations in 
Machine-Shop Engineering, and the Ordinary Na- 
tional Certificate (though actually the level appears 
to be rather higher) in Workshop Technology. No 
more is said about the contents of the projected 
Part III than is quoted above, but we would suggest 
that it might include a chapter or two on the 
machining and erection of really large pieces of 
machinery, such as turbines and gearboxes, rolling 
mills, or papermaking plant, in which the size of 
the parts introduces special problems even though 
the principles involved are not materially different 
from those described in the present volume. 





The *‘ Swordfish” Saga. By B. J. HurRREN. William 
Clowes and Son, Limited, Axtell House, Regent-street, 
London, W.1, for the Fairey Aviation Company, 
Limited. [Price 3s. 6d.) » 

THE prototype of the famous Fairey ‘“‘ Swordfish ” 

torpedo bomber (though it had no distinctive type 

name at the outset) made its initial flight on 

March 21, 1933, from the Great West aerodrome, 

piloted by the late Flight Lieutenant C. S. Staniland, 

but the first production order was not placed until 

1935. Since then, 2,399 of the type have been 

built, and it was not until after the end of the 

war in Europe that the last official flight of a 

“‘ Swordfish” was made from the deck of H.MS. 

Ocean. The type has been powered throughout by 

various “‘ marks” of the Bristol ‘‘ Pegasus ”’ radial 

air-cooled engine, of which 3,167, either complete 
engines or the equivalent in spare parts, were 
supplied for this purpose. Now, officially, the type 
is no more; but it has to its credit a record of 
performance, reliability and versatility which more 
than justifies the labour of compiling a special 
brochure in its honour. Mr. B. J. Hurren has 
provided, in this tribute to the “ well-loved and 
trusted ‘ Stringbag’” (to quote the foreword by 
Rear-Admiral Sir Thomas Troubridge), an expert 
and excellently illustrated history of the type which 
will certainly be treasured by large numbers of the 
men who built, flew and serviced these machines 
during their long period of service. The only 
complaint likely to be made, we should imagine, 
will be that it does not go into even more detail— 
for instance, a chronological table of the principal 
events in the development and use of the type 
might have emphasised even more strongly its 
exceptional qualities and the variety of the exploits 
to its credit. In the course of its operational 
career, to quote Rear-Admiral Troubridge again, 
“this famous machine had remained virtually 
unchanged, and few, if any, aircraft, whether friend 
or foe, can claim such a remarkable record of service 
against the enemy.” The brochure includes some 
drawings and photographs which should be welcomed 
by model makers, as well as a general outline of the 
history of the development of torpedo-carrying 








aircraft in the Royal Navy. 
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INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


Tue Jubilee Convention of the Incorporated Munici- 

1 Electrical Association was held at Blackpool from 

onday, June 24, to Friday, June 28. The Association 
was formed in 1895 for the purpose of promoting the 
interests of municipal electricity supply undertakings 
and during the years between’the wars its annual 
gathering attracted the attendance not only of its 
members—the chairmen and chief engineers of the 
undertakings—but of large numbers of those forming 
the electricity committees as well as of visitors repre- 
senting official, manufacturing and other interests con- 
nected with the industry. The registrations, especially 
in later years, approached the 2,000 mark and, in spite 
of the difficulties in securing accommodation, were, we 
understand, little less on this occasion. Though it is 
fifty years since the Association was founded we believe 
we are right in saying that this is not the fiftieth con- 
vention since these gatherings did not take place during 
the 1914-18 war, and have not been held since 1939 
until this year. 

The formal proceedings opened on Tuesday, June 25, 
when a meeting was held in the Winter Gardens and a 
Civic Welcome was extended to the delegates by the 
Mayor of Blackpool, Councillor F. R. Nickson, M.B.E. 


PRESIDENTIAL ADDRESS. 


Alderman Sir William Walker then delivered his 
Presidential Address. He said he had waited until the 
last possible moment for the appearance of the Bill 
dealing with the electricity supply industry, or failing 
that of some indication from the Ministry of Fuel and 
Power of the form of control they were to exert and 
at least an outline of the new organisation. Nothing, 
however, had been said; and they were left to guess 
which of the three or four methods mentioned by 
members of the Government was to be the one estab- 
lished by the Bill. Under each form of Government 
and every sort of Minister they had put the p: 
and prosperity of the industry before all politics and 
ideologies. They had asked not to be unduly inter- 
fered with and not to be mixed up with the procedure 
of Government departments. It was regarding the 
latter that his fears were greatest, as they were now 
linked with other industries not so prosperous, nor so 
well managed, and calling for assistance. This ten- 
dency had already shown itself in the removal of all 
protection regarding the quality of coal they might buy, 
and as to the price and the source from which it might 
be obtained. In fact, every feature that used to prevail 
between buyer and seller had disappeared. The per- 
centage increase in the price of coal to the electricity 
supply undertakings was well in excess of that to 
industry generally ; and they were given, and expected 
to use, the worst qualities of coal. Complaints were 
now dealt with in the usual departmental manner and 
no references to calorific value or ash content were 
permitted. They would not accept any policy which 
reduced their progress and deprived them of their 
financial advantage in order to boost rival forms of 
heat, light and power. The future of the industry was 
assured if it were allowed to develop on sound lines. It 
was already largely nationalised. The Central Elec- 
tricity Board controlled all the selected power stations, 
and 60 per cent. of the current sold was provided by 
local authorities. 

Continuing, the President said that without the help 
of the electricity supply industry the war could not 
have been won. No factory was ever unable to start 
because power was not available. The grid had saved 
the situation again and again. Both municipal and 
company undertakings had established schemes of 
mutual assistance in case of damage; and had proved 
themselves able to act promptly and successfully in 
every emergency without having to bother other people 
to do it for them. Improvements in the design and 
manufacture of domestic appliances had been made 
and the domestic load would grow rapidly because of 
the great new housing schemes and the continuous 
turnover from other forms of service. The lighting 
load had been won completely ; and it was now for 
them to make use of the new forms of lamp that had 
been perfected. The whole of the street lighting load 
was being rapidly acquired, while the power load was 
theirs and was increasing in range as well as in extent. 
The farming community was clamouring for electricity 
and, although the average load from a farm was not 
great nor too well diversified, it was worth cultivat- 
ing irrespective of other considerations. One of the 
most satisfactory features of the industry was the 
way in which technical progress had been constantly 
maintained. Their contributions to research had been 
repaid a hundred fold, yet there were undertakings that 
subscribed nothing to the British Electrical Research 
Association or any other organisation. They were not 
technically inefficient as their critics maintained. It 
was equally erroneous to suppose that prices for elec- 
tricity in this country were relatively high and a draw- 





back to industrial development. In fact, the general 
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supply in most countries was at a higher, rather than 
@ lower, price than that prevailing here. 

They were faced with a difficult situation in regard 
to supplies to temporary houses. The electricity 
supply industry, not being a housing authority, should 
not bear any part of the cost of providing for these 
houses. In fact, a housing estate should be treated 
exactly as any other scheme, remembering that any 
loss would have to be borne by other consumers, who 
might be living under worse conditions than those in 
the new houses with their subsidies and modern ameni- 
ties. The great housing schemes would bring changes 
that could be only vaguely estimated, but he had no 
doubt that the industry would meet them as successfully 
as past requirements had been met. Of late, a new 
trouble had arisen in the form of opposition to the 
erection of power stations on the grounds of local 
amenities. There was a combination of requirements 
for sites for a new power station and these were difficult 
to meet. Now, whenever there was an announcement 
of the intention to proceed with a scheme, certain 
organisations began to whip up opposition, local and 
national, and to try in every way to scotch progress. 
That a thin line across the country was conveying 
50,000 h.p. for the service of mankind meant nothing 
to these people ; and he wished that, for twelve months, 
they could be deprived of the amenities provided by 
public utility services and thus learn what their policy, 
if successful, would mean to others. 

Concluding his address, the President dealt with the 
Simon Report on Domestic Fuel Policy which, he said, 
was in many respects disappointing from the electricity- 
supply point of view. This was perhaps not surprising 
when the composition of the Domestic Fuel Council was 
considered. None of the members had any close 
knowledge of the electricity supply industry and they 
had failed to understand the trend during pre-war 
years. They appeared to have decided that it was 
necessary to advise the Government to compel the 
installation of solid-fuel appliances and to withhold 
subsidies where any other method was adopted. Yet 
they said that the annual rate of increase of domestic 
sales was 1} per cent. for gas and 20 per cent. for elec- 
tricity, that electricity was gaining rapidly in the years 
just prior to the war, and that the electrical industry 
aimed to secure a large proportion of the cooking load 
during the next ten years. Nevertheless, they sought 
to prevent this, even to the extent of prohibition. 
The basic figures on which their calculations had been 
made were erroneous. They said that, in 1938, the 
consumption of coal for domestic purposes in Great 
Britain was 62 million tons, of which 45-8 million tons 
were used in the raw state. .The latter figure, however, 
included supplies to shops, offices and other establish- 
ments partly or entirely non-residential, with an 
annual consumption of less than 100 tons. 

The bias against electricity showed itself strongly 
in the suggestion that the virtual monopoly in lighting 
had given the industry the opportunity of charging 
high prices for this purpose and a low and non-economic 
one for cooking and heating. This allegation was 
treated very seriously in the report, though it was 
stated that there was not as yet sufficient firm evidence 
to reach a final conclusion upon it. It was added 
that there was certainly no evidence that, if any part 
of the electricity now being supplied for cooking or 
heating were discontinued, it would enable the rest to 
be sold at a lower price. This was a very round-about 
way of saying that the “ allegation’ was untrue. In 
dealing with the same subject, the report said “ there 
is no evidence to show it has been so.” Yet five full 
pages were devoted to raising doubts and creating 
prejudice. There was also much proof of this desire 
to hold to a preconceived belief regarding the industry ; 
none more so than in the general conclusions where, 
after the most searching examination, the Council 
stated: “‘ We cannot say that in a typical case electri- 
city was sold before the war for domestic cooking at 
uneconomic rates.” Why, having found this to be 
a fact, was the report couched in such terms as to raise 
all kinds of doubts and queries? There could be no 
such doubts if the actual findings were separated from 
the guesses. 
The only foundation for this attempt to show that 
the electricity supply industry was acting unfairly 
to their consumers was the statement that it had been 
suggested in evidence that the use of the two-part 
tariff was responsible for unfair discrimination against 
the gas industry. They heard it many times, but never 
had any evidence been given to prove it. Yet the 
Domestic Fuel Council took up pages trying to show 
how much they would like to adopt it, though they 
had to admit, reluctantly, that it was untrue “ as yet.” 
The charge had been made as a fact and a thorough 
investigation had proved it to be false, but this 
impartial tribunal inserted ‘‘ as yet” into its verdict. 
The trouble arose from the mistake of omitting from 
the Council anyone with a first-hand practical up-to- 
date knowledge of the electricity supply industry, while 
it contained members ing a thorough under- 
standing of the other industries involved. 


MANAGEMENT OF AN Eectricrty Suppry UNpER- 
TAKING. 


On Tuesday afternoon, a meeting was held in the 
Empress Ballroom, at which a paper on “‘ The Manage- 
ment of an Electricity Supply Undertaking” was 
presented by Mr. J. Eccles, city electrical engineer, 
Liverpool. The best size of undertaking, the author 
said, was thet which gave the highest service at 
the lowest cost to the maximum number within the 
area, while at the same time paying proper wages and 
capital charges, bearing its full share of the develop- 
ment charges of the industry and being fully responsive 
to consumers’ needs. In general, the upper limit of 
size for efficient administration depended on the 
nature of the business. Thus the generation of elec- 
tricity could be controlled on a national scale, because a 
the process was a single operation and the business a 
wholesale one. Even here it had been found desirable 
to operate in semi-autonomous regions, and up till now 
the detailed administration of the chief centres of 
employment had been completely carried out by 
owners of individual generating stations. In the 
distribution of electricity the circumstances were quite 
different. The consumers were numbered in millions ; 
and the services offered, the uses to which the product 
was put, and the problems to be solved were diverse. 
The efficient administration of such a complex personal 
service could not be carried out unless it were divided 
into a fairly large number of autonomous units, each 
small enough and sufficiently flexible to be responsive 
to the needs of the local community. 

The business of supplying electricity was naturally 
divided into two parts: the technical processes neces- 
sary to produce the energy and transmit it to the 
points of use and the commercial processes of doing 
this at the price which the consumer could afford to pay. 
The general manager of the undertaking should there- 
fore be an electrical engineer with sufficient business 
instincts and commercial training to produce the most 
economical plan for a given set of circumstances. He 
must also be endowed with sufficient foresight to stimu- 
late development, and with ability to present his wares 
in an attractive form to the hesitant public. The 
main problem in an electricity supply undertaking was 
to discover what arrangement would provide the most 
economical supply over a period of, say, fifteen years. 
The supply must be adequate, continuous and cheap, 
and the lay-out flexible and capable of meeting large 
increases and geographical alterations in the demand 
with a minimum of redundancy or disturbance of exist- 
ing works. To fulfil these desiderata it was necessary 
to consider the position, size and design of the generating 
stations and of the transmission and distribution 
networks. Generating stations being linked with the 
national grid their position and size were not matters 











for local decision, but there was much scope for economic 
planning in the design of the transmission and distri- 
bution systems. Annual plots should be made of the 
load density throughout the area of supply and of the 
geographical movements of loads by watching trends 
in housing policy, the development of industrial estates 
and public transport. 

Dealing with the staffing of an electricity supply 
undertaking, the author said that the best organisation 
might be described as that segregation of duties which 
produced neither overlapping nor bottlenecks. The 
staff tree should, therefore, be adjusted so that the 
optimum number of officers—not more than eight 
and not less than four—were responsible to the manager. 
Similarly, the chief officer of each section should have 
a limited number of assistants reporting directly to 
him. The heads of sections should enjoy considerable 
freedom in the planning and control of their work. 
Controlled freedom was the aim. This meant regular 
contact between the manager and the heads of sections 
to discuss problems and future plans. The most 
successful set-up of a large business was one in which 
the chain of authority was vertical and the maximum 
opportunity was provided for advisory consultation 
at each level. Rules must be observed by subordinates 
and superiors alike, but within these rules the authority 
to issue orders to subordinates and the power to have 
them carried out must be vested in every executive 
officer. 

Opening the discussion on Mr. Eccles’ paper, Mr. 
F. W. Lawton said that the efficient management of 
an electricity supply undertaking was an important 
factor in the prosperity of the State; and keeping 
electricity costs low would enable increased mechanisa- 
tion of industry to be economic. The manager of 
an electricity supply undertaking had, however, 
already lost much of his pre-war control of costs. For 
example, the capital costs of buildings and plant had 
practically doubled, and were controlled by external 
agencies. The cost of coal had almost trebled; and 
the quality had decreased. There was therefore little 
point in saving a fraction in wise management if ten 
times that amount were forcibly extracted from the 
industry to finance extravagant practices elsewhere. 
Good management could control expenditure, but not 








commodity prices; labour utilisation, but not wage 
rates ; thermal and operating efficiencies, but not fuel 
prices; distribution efficiency, but not cable costs. 
Good management could not affect community charges 
which, in Birmingham, exceeded the entire salaries 
and wages bill. Economy in management must 
therefore be sought in efficient organisation. 

Councillor W. A. Narbeth urged that arrangements 
should be made for interest-free loans as had been 
done in Russia, Germany and Italy, and in Guernsey 
for 150 years, while Mr. E. A. Locan spoke of the 
need for increased production with increased wages. 
Councillor W. Hebden expressed strong opposition 
to the use of surpluses from electricity supply de- 
partments for purposes other than developing the 
undertakings. He also urged that engineers only 
should be appointed as managers of supply under- 
takings. Evidence of the superb management of 
electricity supply undertakings was provided by the 
fact that during the last six years there had been a 
60 per cent. increase in wages and a 120 per cent. 
increase in the cost of raw materials, but the average 
increase in the price of electricity had not been more 
than 10 per cent. 

Mr. G. Bregazzi urged the need for greater care in 
selecting boys for apprenticeship and expressed his 
willingness to co-operate with other undertakings 
and manufacturing firms in the exchange of trainees. 
There would almost certainly be a great shortage of 
young people entering the supply industry during the 
next ten years. The standard of education would, 
however, be higher and the period of apprenticeship 
would have to be reduced below the usual five years 
by the continuance of the intensive training methods 
adopted during the war. Mr. R. H. Rawll agreed 
that within a few years there would be a shortage 
of staff. Men coming from the Forces had had a 
very narrow technical education and steps must be 
taken to broaden it. Young men should go through 
every branch of the industry for four or five years 
and should only be put on to the sales side if they 
showed a flair for it. Mr. A. E. Morgan said that a 
large undertaking did not necessarily have a better 
diversity than a small one. He therefore suggested 
that the most suitable size of undertaking was one 
which fulfilled all requirements of maximum service, 
was large enough to maintain an adequate staff but 
small enough to be administered at maximum efficiency 
with local autonomy. Mr. L. W. Pettitt recommended 
greater co-ordination of research in the electricity 
supply industry and strongly supported the suggestion 
that trainees in electricity supply undertakings should 
spend some time in manufacturers’ works. 

After the author had replied briefly to the discussion, 
the meeting adjourned, and in the evening a reception 
to the delegates was given by the Mayor and Mayoress 
of Blackpool. 

On Wednesday, June 26, a whole day excursion was 
made by a large number of the delegates to Keswick 
and the Lake District, while others visited the new 
Ribble generating station of the Preston Corporation. 


(T'o be continued.) 





ANNUALS AND REFERENCE BOOKS. 


Métrologie Générale (Grandeurs et Unités).—This 
French pocket-book on metrology, compiled by MM. 
Maurice Denis-Papin and Jacques Vallot, is one of the 
series forming the Aide-Mémoire Dunod, issued by the 
French publishing house of that name, of 92, Rue 
Bonaparte (VI), Paris. Relatively to some other 
technical subjects, metrology has not attracted much 
attention from writers of text-books and, although 
some excellent chapters on it have been contributed 
by experts to various publications, these contributions 
are widely scattered throughout scientific and technical 
literature, and the lack of comprehensive surveys, 
covering the whole field, has been often felt. The 
authors of this pocket-book have made an attempt to 
bring all the relevant information on the subject into 
the compass of two small volumes, of which the one 
under review is the first; the second, Métrologie App- 
liquée (Méthodes et Instruments de Mesure), by the 
same authors, is in course of preparation. The present 
volume deals with the basic systems and units, and 
contains chapters on the fundamental units and sym- 
bols, geometrical and mechanical units, the determina- 
tion of time, units employed in electrical, thermal, 
optical and other measurements, units which do not 
belong to any absolute system but are used in various 
branches of industry, non-metrical units, and units 
used in the ancient civilisations. The interrelation 
of the various systems is clearly shown ; and, incident- 
ally, the advantages that would accrue if a few general 
systems could be universally adopted. The price of 
the book is 240 francs, in view of which it is interesting 
to note that the franc was intended to be a basic unit 
of money, its value being fixed in 1840 at 5 gm. of silver, 
90 per cent. pure. 
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THE BRITISH NON-FERROUS 
METALS FEDERATION. 


Forme in April, 1945, as the representative organi- 
sation of the industry, the British Non-Ferrous Metals 
Federation held its first annual meeting in Birmingham 
on June 6. In presenting a report on the progress of 
the Federation for the year 1945-46, the President, 
Mr. Horace W. Clarke, stated that he welcomed the 
revival of the Non-Ferrous Wrought Metals Export 
Group under the chairmanship pf Mr. R. Finch. The 
Group included all firms in the industry, whether they 
were members of the Federation or not. Another 
important development of the first year’s work of the 
Federation had been the establishment of a statistics 
department, which had taken over from the Ministry 
of Supply the responsibility for certain non-ferrous 
metals statistics. The department was under the 
general supervision of the Director, Mr. N. K. Lindsay, 
and was headed by the Federation statistician, Mr. Paul 
Grainger. The department had undertaken the respon- 
sibility for collating copper and copper-alloy statistics 
from January | this year, and had subsequently taken 
over zinc statistics also. It was hoped that statis- 
tical work on other metals would shortly be transferred 
from the Ministry to the Federation and that the work 
would be extended in other directions. There could 
be no doubt that, under modern conditions, accurate 
and speedy statistical information was vitally essential 
to the planning of the industry. It was perhaps 
unfortunately true that, before the war, non-ferrous 
metals statistics in this country jagged a long way 
behind those both of Germany and the United States. 
It was ho that the Federation statistical depart- 
ment would become increasingly importanf, and that 
its activities would be on a wider scale. 

A technical sub-committee, under the chairmanship 
of Mr. W. F. Brazener, has been established to consider 
whether it is ible to achieve uniformity in trade 
definitions. This sub-committee would hold its first 
meeting shortly, and it was hoped that substantial 
progress might be made in the standardisation of the 
various terms in use. In considering its post-war plans, 
the Federation had become very conscious of the vital 
importance to the industry of technical education and 
scientific research. The industry had a very proud 
record in both these respects and the Federation 
sincerely hoped to continue that record. So far as 
technical education was concerned, members would be 
well aware of the arrangements made with the Univer- 
sity of Birmingham for a contribution from trade 
associations, individual firms and other representatives 
of the industry amounting to 138,0001. for the estab- 
lishment of a Chair of Industrial Metallurgy at Bir- 
mingham University. Dr. Leslie Aitchison, who was 
well known to all in the metallurgical world, had been 
appointed the first Professor of Industrial Metallurgy, 
and the good wishes of the Federation were extended to 
him in this responsible post. On the side of scientific 
research, trade associations and individual firms, for 
the last twenty-five years, had been staunch supporters 
of the British Non-Ferrous Metals Research Association. 
This Association had recently launched an appeal for 
increased funds in order to carry out an extended 
programme of research. With the concurrence of trade 
associations, arrangements have now been made for 
the Federation to make an, “ omnibus ” annual subscrip- 
tion to the Research Association on behalf of all its 
members. It was hoped that this subscription would 
be substantial enough to extend the scope of the 
Research Association and would confer the benefits 
of membership on all federated firms. The Research 
Association had established a strong research sub- 
committee on copper, nickel, and their alloys, of which 
Dr. W. E. Alkins was chairman. 

After a life-time spent in the non-ferrous metals 
industry, he was more than ever convinced that, in 
addition to long and short-range research, the other 
prime essential for the well-being of the industry and 
the maximum benefit to the country was high-grade 
technical education, in order to provide a constant 
flow into industry of highly-qualified technicians. 
This, he was sure, was the general policy of the Federa- 
tion, and was evidenced by their support of the Univer- 
sity of Birmingham Metallurgical Department and of 
the British Non-Ferrous Metals Research Association. 
They would continue to consider very carefully in what 
way they could further their declared policy of extending 
both research and the training of likely young men. 

All persons in industry were watching with con- 
siderable anxiety the effects of Government action in 
relation to the major industries in this country; and 
also the signs of impending inflation as it affected their 
costs of production. While some anxiety was inevitable 
under these conditions, he would like to give the 
industry a measure of hope. He believed the only 
wise course at the present time was to go boldly 
forward with their own existing programmes of pro- 
duction and expansion, in the expectation that British 
industry would overcome its present problems trium- 
phantly as it had always done in the past. 





TESTS OF PRESSURE-CONTROLLED 
AEROPLANE CABIN. 


ALTHOUGH experience has been gained in the main- 
tenance of low-altitude cabin conditions in small military 
aircraft flying at considerable heights, the = arcsec 
of the same end in large air-liners necessarily 
new problems, and in the development of the iets Race at 
Avro Tudor I, Messrs. A. V. Roe and Company, Limited, 
Manchester, devised and carried out an extensive series 
of tests to investigate both strength and leakage pro- 
blems. Before describing these, it will be convenient if a 
general description of the — ressure-control 
ments of the liner is given. t has been described 
by the inelegant term “ pressurisation” has been 
applied to the whole of the cabin volume of Avro 
Tudor I, with the exception of a small portion of the 
tail fuselage. The pressure control is such that atmo- 
spheric conditions equivalent to a height of 8,000 ft. 
are maintained in the cabin when the aircraft is flying 
at 25,000 ft. Heating and ventilation are combined in 
the single system. 

Cabin air is drawn from the atmosphere through 
combined scoops and filters fitted in the leading edge 
of each wing. One of them is illustrated in Fig. 6, 
on page 12. The scoops are out of the airscrew flow 
and away from the area contaminated by exhaust 
gases. The air passes through ducts to blowers, one 
of which is mounted on each outboard engine accessory 
gearbox, and then through a silencer, an air cooler 
and a second silencer, the latter being situated between 
the inboard engine and the fuselage. The air enters 
the fuselage ducting through a spill valve, which 
incorporates a non-return valve, ensuring that pressure 
shall not be lost if one blower fails, —~ through a 
heater of 50,000 B.Th.U. per hour a The main 
distributing ducting runs below the or he — 
of the aircraft. To this, manifolds are welded 
terminate in mushroom heads in the crew stations mo 
toilets; in the passenger the manifolds lead 
to louvres near the floor in the arm-rests of the seats. 
They can be seen in the interior view of the cabin 

given in Fig. 1, on page 8. Additional louvres are 
fitted i in the side walls. A proportion of the air in the 
cabin is taken through a recirculating fan chamber 
and mixed with the incoming cold air for reheating 
and redistribution. 

Exhaust from the cabin is through slots cut around 
the periphery of the reflectors for the roof lights. 
These connect to a disch valve, combined with a 
safety valve at the rear of the cabin. Two aneroids 
in the flight-engineer’s compartment connected with 
the exhaust valve regulate the amount of air 
passing out, @ differential pressure of 5-5 lb. per 
square inch being maintained when the aircraft is 
flying at a high altitude. A master control valve is 
fitted on the flight-engineer’s panel and a combined 
ground-conditioning and inward relief valve is situated 
in the bottom fuselage skin at the after end of the 

ger cabin and on the centre line of the aircraft. 
The heating arrangements have been designed to deal 
with the extremes of temperature which are likely to 
be encountered in world-wide flying throughout the 
year. A controllable cooler, fit in the ducting 
which carries the air from the compressor to the cabin 
enables the flight engineer to utilise or dissipate the 
heat generated by the compression of the air in the 
blowers. The cabin heater consists of a surface- 
combustion unit burning fuel from the aircraft supply, 
air for the heater being supplied and exhausted 
through pipes which are independent from the circu- 
lating-air system. In operation, the heater can be 
adjusted to an output of 50,000 B.Th.U. or one < 
aon half this figure. Intermediate outputs may be 
obtained by adjustment of the coolers. 

The ventilating arrangements, by which some of the 
cabin air is mixed with the incoming air, have already 
been briefly referred to. The duplicated discharge 
valves are automatically controlled after the required 
setting has been selected by the flight engineer. These 
valves are ducted directly to the lavatories and galley, 
so that unpleasant odours do not enter the re-circula- 
tion system. The ground-conditioning connector in 
the bottom of the enables ventilation and 
circulating of the cabin air to be maintained when the 
aircraft is standing on the ground; warm or cold air 
can be supplied from a ground control unit. Ground 
pressure tests can also be carried out through this 
connection. A final arrangement which may be 
mentioned is the provision of a ventilating scoop 
at the bottom of the unit, which can be opened for 
low-altitude flying in warm climates. 

The tests with which this article is mainly con- 
cerned dealt with both leakage and strength consi- 
derations. To some extent these qualities are inter- 
dependent and were simultaneously dealt with, but a 
clearer explanation of procedure and results will be 
possible if the two classes of test are dealt with inde- 
pendently. Questions of leakage may be first con- 
sidered. The first stage in the work covered the 
determination of the quantitative leakage through 


structural joints and riveted connections. For this 
purpose, a pressure chamber, consisting of a vertical 
cylinder 3 ft. in diameter and 6 ft. high, was con- 
structed. A rectangular o was cut in one side 
of the cylinder and over this small test panels were 
clamped, leakage through the panels being investi- 
ts | gated at a range of pressure up to 11 Ib. per square inch, 
being twice the maximum differential pressure 
encountered at an altitude of 25,000 ft. when cabin 
nditions equivalent to 8,000 ft. are maintained. 
Methods of reducing leakage t structural joints, 
with particular reference to skin laps and transport 
joints, were investigated, work being carried out with 
Plasticene, sealing tape and sealing compounds. The 
general conclusions come to were that it was not neces- 
sary to seal the heads of rivets even where structural 
connections occurred; that sealing structural joints 
by the use of a tape overlay was unsatisfactory ; and 
that sealing structural joints by the internal application 
of a suitable sealing compound by spray, or brush, 
was an ideal method. 

As a result of this work, the use of sealing compound 
was temporarily adopted as a production method for 
Tudor aircraft, and methods of sealing the various 
types of structural joint were standardised. Investi- 
gation was also carried out on the design and sealing 
of control-rod glands ; auxiliary fittings, such as aeria! 
mountings ; pipe and cable connections; and heater- 
duct joints. The stability of re-entrant boxes under 

ure was also considered. As a result of these 
investigations, satisfactory methods of sealing and 
stabilising were a Various gap-filling com- 
pounds were examined, with a of success. 

All this work on the small cylinder was directly 
related to sealings, and it was considered that some 
information bearing on strength considerations was 
then desirable. Accordingly, a larger test unit in the 
form of a cylinder 9 ft. in diameter was built. The 
method of construction simulated that of the fuselage 
of Tudor I, lap joints, transport joints and riveted 
stringer skin connections being i ted, together 
with —/._ for the quantitative measurement of 

The cylinder was sealed in stages, using a 
compound, and mass leakage was determined at each 
stage at test pressures of 5} Ib., 8} Ib., and 11 Ib. per 
8 inch. The main conclusions drawn as & result 

this were that the structure was satisfactory from 
the point of view of strength considerations and that 
the technique of sealing developed with the smaller 
model was, broadly, satisfactory. A further cylinder, 
10 ft. in diameter, was then built, the method of con- 
struction again simulating that of the fuselage of 
Tudor I. In this case, arrangements were made, by 
the use of loading trusses, to investigate the effect 
of combined pressure and bending on leakage. The 
two cases were considered separately and together, and 
leakage under fluctuati bending moments was 
measured. It was found that little variation of mass 
leakage occurred with the application of bending 
moments of various magnitudes, and this series of tests 
ultimately developed into an investigation of strength. 

Following this preliminary work, tests were carried 
out on a full-size fuselage shell. The programme set 
was the determination of mass leakage at the maximum 
flight pressure differential of 54 lb. wd square inch ; 
at this pressure plus 50 per cent., that is 8} lb. per 
square inch; and at this pressure ” plus 100 per cent., 
or 11 lb. per square inch. Secondary objects were the 
confirmation of the results of sealing tests carried out 
on small specimens ; the reduction of mass leakage by 
isolating and eliminating various points of leakage ; 
the determination of any necessary design modifica- 
tions which would improve sealing ; the collection of 
information on the application and sealing properties 
of Peratol which had been proposed as a substitute for 
Trinasco for sealing purposes; and the determination 
of the pressure to be maintained in the inflatable 
rubber sealing tubes at the major openings in the 
fuselage. 


age 

No precise information appeared to be available 
about the permissible leakage from a pressure cabin ; 
statements that it should be small compared with the 
available compressor supply were of little value. At 
an early stage of the tests on joint leakage on the 
small-scale models, it was suggested that the criterion 
should be no fall of pressure in 20 minutes. This 
would have represented 100 per cent. efficiency, and 
was not generally realised under practical conditions. 
When the tests on the full-size fuselage were 
consideration was given to the statement which had 
been wade that the maximum permissible leakage 
from a completed machine was 200 cub. ft. per minute 
at a differential pressure of 5$ lb. per square inch. 
This, which is equivalent to a mass leakage of 16-15 Ib. 
per minute, was considered rather high, as the total 
air supply from the two blowers on Avro Tudor I is 
30 lb. per minute, or 372 cub. ft. per minute at normal 
temperature and pressure. It was decided that the 
reduction of | to an absolute minimum should 





be the aim in view, a leakage of 40 cub. ft. per minute, 
equivalent to 3-23 lb. per minute at normal tempera- 
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ture and pressure, being accepted as reasonably small 
for the test fuselage. 

The full-size set up which was tested comprised the 
whole pressure zone of Tudor I, except the centre 
section, which was not available. The complete floor 
structure and the reinforcing members of the nose 
section were included, as were also the main removable 
fittings, such as the escape hatch, the astrodome and 
the doors. In connection with these latter items, 
information was required about the suitability of the 
inflatable sealing tubes. Minor fittings, such as those 
for electric plugs, were omitted as in general these had 
been tested as details. Removable parts of the struc- 
ture, such as the astrodome, were sealed by means of 
inflated rubber tubes fitted in peripheral recesses at 
each joint. A pressure in excess of the cabin pressure 
is necessary if such seals are to function properly. A 
general view of the test fuselage is given in Fig. 3, 
on page 12. During the tests, a blast wall of }-in. 
steel plate furnished with observation windows was 
interposed between the fuselage and the observers. 

For the accurate determination of mass leakage, 
knowledge of both pressure and temperature variations 
was necessary. For the measurement of pressure, a 
mercury U-tube directly calibrated in pounds per square 
inch was used, temperature being taken by means of 
ten electrical thermometer bulbs disposed along the 
inside of the fuselage. All wiring was brought through 
the shell at a point adjacent to the air inlet using 
Breeze type pressure-tight bulkhead plugs. A recording 
unit was developed, by means of which the mean 
temperature of the contents could be determined to 
an accuracy of plus or minus 0-1 deg. C. An accuracy 
of this order was essential, as an estimate of leakage 
with a variation of 2 deg. C. in 20 minutes might 
involve an error of 10 per cent. on small leakage 
figures if the temperature change were not taken into 
account. When the whole of the apparatus was set 
up, the initial test on the fuselage showed excessive 
leakage, quite unsatisfactory for a fuselage which 
lacked the inner section. With a differential pressure 
of 23 lb. per square inch, the leakage was 16-1 Ib. 
per minute. This figure is 53-6 per cent. of the total 
available compressor supply of 30 lb. per minute. 

The major leakages responsible for this result were 
dealt with by the introduction of various sealing 
modifications, until finally the total mass leakage was 
reduced to 2 lb. per minute at a differential pressure 
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of 54 lb. per square inch. This represents 6-67 per 
cent. of the available compressor supply and as it is 
within the arbitrary requirement that leakage should 
not be greater than 40 cub. ft. per minute, or 3-23 Ib. 
per minute, the fuselage was considered to be satisfac- 
torily sealed. The main item in the initial leakage of 
16-1 lb. was a leakage of about 9-8 lb. for the wind- 
screen group; smaller but significant leakages were 2 lb. 
accounted for by missing rivets, 1-8 lb. at transport 
joints, and 1 Ib. due to a lap joint not being riveted. 
It is considered that if instructions based on the 
experience of the tests are carefully and properly 
attended to, the mass leakage from fuselages of this 
type will be small compared with the available com- 
pressor supply. In connection with the final recom- 
mendations, it is of interest to note that the policy of 
not applying sealing compound over rivet heads was 
shown to be fully justified. The leakage is small and 
the omission of compound saves considerable weight. 

The objects of the strength tests, which were also 
carried out, was to ascertain if the structure of the 
fuselage was satisfactory under conditions of differential 
pressure ; the verification of design stress assumptions ; 
and the determination of stresses at points where 
calculations tended to be difficult or unreliable. The 
official requirements are that a proof pressure equal to 
the maximum flight pressure differential multiplied 
by a factor of 1-33 must be withstood with no detri- 
mental distortion for one minute. At 54 lb. differential 
pressure, this is equivalent to 7-32 lb. per square inch. 
It is also required that the structure shall stand up to 
an ultimate pressure of 11 Ib. per square inch, equivalent 
to the maximum differential flight pressure multiplied 
by a factor of 2. The results of the tests showed the 
structure to be satisfactory at proof and ultimate 
pressures and that at no point were stresses in excess 
of 11 tons per square inch, recorded under the maximum 
differential pressure of 11 lb. per square inch. Useful 
information about the distribution of load in the 
region of openings in the fuselage shell was obtained 
by the extensive use of strain gauges. 

The tests were carried out by fitting British Thermo- 
stat 200-ohm resistance strain gauges at all critical 
points, particular attention being given to the nose 
structure and the major openings in the shell, such as 
the door, astrodome and escape hatch. Three-gauge 
strain rosettes were used freely at points where doubt 
existed about the principal stress directions, and a 
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STRAIN GAUGES NEAR ENTRANCE Door. 


certain number of gauges were placed at points where 
the stress could be predicted by theory, in order to verify 
design assumptions. In addition, Desynn electrical 
transmitters were disposed at various points along the 
specimen for the purpose of recording diametral strains, 
particular attention again being paid to the nose, where 
the departure from circular sections and the inclusion 
of Triplex glass windscreens made conditions critical. 
The measuring apparatus consisted of a manually- 
operated Tinsley 50-point strain-measuring bridge 
equipped with a mirror galvanometer and a Baldwin- 
Southwark 48-point automatic strain recorder, specially 
calibrated for use with British Thermostat gauges. 
The Desynn transmitters were independently cali- 
brated, using 0-012 in. diameter Nichrome wire 
between the attachment point and the instrument 
lever. All internal wiring was brought through the 
fuselage skin by the use of 10 Breeze type 26-point 
pressure-tight bulkhead plugs, the skin being rein- 
forced at one point for this purpose. An exterior view 
of the windscreen panel showing the strain gauges in 
position is reproduced in Fig. 4, on page 12, Fig. 5 
being a corresponding view of the interior of the fuse- 
lage. The arrangement of the strain gauges adjacent 
to the fuselage entrance door is shown in Fig. 2, on 
this page, this being an inside view of the door. 

In the tests, all major openings in the fuselage 
were closed and sealed by means of inflatable rubber 
tubes fitted in peripheral recesses at each joint. Zero 
regdings were taken at all strain and Desynn gauge 


| positions, and the specimen was then charged with 


air up to the desired pressure, readings being taken at 
convenient increments of pressure, and the fuselage 
being examined for visual signs of distortion. Pressure 
was then removed and the zero readings repeated, the 
specimen being closely examined, both internally and 
externally, for signs of structural failure. A series of 
tests of stress and leakage at gradually increasing 
pressure from 3 lb. per square inch to 11 lb. per square 
inch was originally planned. This programme was 
somewhat modified in practice, but the details of the 
procedure adopted need not be recorded. 

The main interest lies in two tests which were carried 
on on January 24, 1946. The internal pressure was 
raised to 11 lb. per square inch and held at that value 
for 20 minutes, strain observations being made at 
the stages, 0, 3, 6, 9, 10, and 11 lb. per square inch. 
No structural failure or detrimental distortion was 
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observed during this test, except that bearing failure 
occurred at the blind holes in the magnesium-alloy 
entrance-door frame casting. These holes receive the 
steel locking pegs to which the whole air thrust on 
the door is transmitted as shear. This results in 
considerable local bearing loads on the door-frame 
casting. It was suggested that this defect might 
be eliminated by fitting steel bushes in the holes in 
the frame. The second test on January 24 was per- 
formed for the purpose of obtaining final leakage 
figures and no stress measurements were made. Pres- 
sure was raised to 11 lb. per square inch, and at this 
point the starboard Triplex windscreen shattered 





completely on the outer lamination, although it still 
held pressure; consequently, a new method of seating 
the windscreens has been developed. 

Deflection measurements have been obtained across 
the fuselage between all circular windows; across the 
fuselage at the astrodome position ; across the fuselage 
at the escape-hatch position; across the fuselage at 
the door frame ; and across the fuselage at former 2. 
In no case was the deflection excessive and there was 
no appreciable permanent set after the application 
of the unit pressure of 5} 1b. persquareinch. There was 
a slight set of 0-018 in. at the astrodome position after 
the application of the full pressure of 11 lb. per sq. in. 
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IMPROVEMENTS AT WELWYN 
GARDEN CITY RAILWAY STATION. 


WuHeEN the development of Welwyn Garden City 
as a residential and industrial centre was begun in 
1921, the railway station which served it consisted of 
a single wooden platform on the branch line from 
Hatfield to Luton. The present station on the main 
line, however, was constructed about twenty years ago, 
and consists of two island platforms with the usual 
offices and waiting room accommodation. At the same 


| time, a small goods yard was provided on the east side 
| of the lines, though sufficient land was acquired to 


enable this to be extended when required. As will be 
seen from Fig. 1, there are six tracks at this point, the 
westernmost of which is the branch line to Luton. This 
has no physical connection with the main lines at 
Welwyn Garden City. Originally this also applied to the 
branch from Hatfield to Hertford on the east. The four 
main-line tracks lie between these two branch lines. 

During the war, considerable improvements in 
facilities for handling goods traffic at this point were 
made when the goods traffic at Hatfield, the next 
station south of Welwyn Garden City, and the place 
where wagons for the St. Albans, Luton and Hertford 
branches were sorted, increased to an extent with 
which it was impossible to deal. In fact, as many as 
sixteen special freight trains a day were worked into 
Hatfield from the Luton branch alone, and, together 
with those from the other branches and the main 
line, strained the capacity of the yards there to the 
limit. Similar conditions existed at Hitchin and 
Peterborough, though a few southbound trains were 
marshalled at the latter place. The result of the 
congestion at Hatfield was that, occasionally, as many 
as 400 wagons had to be held back at various points on 
the system. It was therefore decided to extend the 
yard at Welwyn Garden City and to make alterations 
to the track between that point and Hatfield. 

The works carried out for this purpose include a 
new marshalling yard on the eastern side of the main 
line immediately south of the passenger station, as 
well as an extension to the goods yards and improve- 
ments to the running lines. The layout of the mar- 
shalling yard will be clear from Fig. 1, while photo- 
graphs of the new goods yard are reproduced in Figs. 2 
and 3. The marshalling yard consists of five double- 
ended sidings with a total capacity of 162 wagons. 
These tracks are arranged so that southbound freight 
trains can run straight into the yard and, when the 
wagons have been sorted, can continue on their journey 
with the minimum delay. The original goods yard con- 
sisted of three short dead-ended sidings, which accom- 
modaied only 51 wagons. These sidings have now been 
extended and converted into through lines and the total 
capacity has thus been increased to 132 wagons. Other 
improvements comprise additional loading docks, cart 
roadways, Office and staff accommodation, as well as a 
30-ft. engine pit and water column. The construction 
of the marshalling yard made it necessary to close a 
footpath to the east side of the station. To provide 
an alternative approach, the original footbridge over 
the running tracks has, therefore, been extended to 
about three times its previous length, and a booking 
office has been erected upon it. The extended bridge 
can be distinguished in the background of the photo- 
graph reproduced in Fig. 3. 

As regards track alterations, the portion of the 
Hertford branch between Hatfield and Welwyn Garden 
City, which, as already mentioned, originally had no 
connection with the main lines at the latter point, 
has now been altered by the installation of the necessary 
connections into an additional running line for up 
trains. In consequence, mgers to and from 
Hertford now change at Welwyn Garden City instead 
of at Hatfield. Minor alterations have also been made 
to the lines at Hatfield to permit greater freedom of 
movement, and considerable improvements to the 
signalling at both places have also been carried out. 
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INSTITUTION OF CrvIL ENGINEERS. 


Associate Member to Member.—Jack Allen, D.Sc. 
(Manch.), Manchester; Charles Reginald Bickford, 
Sydney, New South Wales, Australia ; Geoffrey Morse 
Binnie, M.A. (Cantab.), London, S.W.1 ; Geoffrey Innes 
Davey, B.E. (Sydney), Sydney, New South Wales, 
Australia ; Samuel Clifford Doughty, M.Eng. (Sheff.), 
Kirkwall, Orkneys; Roy Hartley Edwards, Cardiff ; 
Herbert Stanley Keep, M.C., B.Sc. (Eng.) (Lond. ; 
London, N.W.4; Arthur George Orr-Ewing, M.B.E., 
B.A. (Cantab.), Pinner, Middx. ; Cyril Spooner, Sydney, 
New South Wales, Australia; James Gilbert Taylor, 
Leeds ; Andrew Young, B.Sc. (Glas.), Orpington, Kent. 

Associate Member.—Edmund Christopher Dillon, 
B.E. (Natl.), Sevenoaks, Kent ; Harry Gale, Gillingham, 
Kent ; William John Hamilton, B.Sc. (Glas.), Larkhall, 
Lanarkshire; James Mervyn West Johnston, B.A., 
B.A.I. (Dubl.), Banham, Norwich; William Henry 
Meredith, B.Sc. (B’ham), Birmingham; Pavel Novak, 
B.Sc. (Eng.) (Lond.), Prague, Czechoslovakia. 

Student to Associate Member.—Alfred John Cockram, 
Brownhills, near Walsall; Vincent Hugh Feneck. Old 
Trafford, Manchester ; Richard Arthur Pearce Leach, 
Minehead, Somerset; Stanley Serota, B.Sc. (Eng.) 
(Lond.), London, N. W. 3; John Hay Shennan, Degan- 
wy, North Wales; Robin Stelfox, B.Sc. (D’ham), 
Kippen Station, Stirling; Vivian David Davies Stog- 
dale, B.Sc. (D’ham), Fenham, Newcastle-upon-Tyne ; 
William Morton Stone, M.B.E., B.Sc. (Bristol), Barn- 
staple, Devon; Raymond Bromley Tabor, Enfield, 
Middx. 
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Associate Member.—Lt.-Col. Walter Millen Adam, 
B.Se. (Glas.), R.E.M.E., Washington, U.S.A. ; Francis 
Thomas Bacon, B.A. (Cantab.), Fairlie, Ayrshire 
Herbert Bennett, B.Sc. (Eng.) (Lond.), Bradford ; 
Edward Gustavus Brisch, Chertsey, Surrey ; Harold 
Bucklow, B.Sc. (Eng.) (Lond.), Edinburgh; Arthur 
Elwyn Carrodus, B.Sc. (Eng.) (Lond.), Ashton-under- 
Lyne, Lancs; Frederick Cooper, London, W.3; John 
Cowan, Johannesburg, Transvaal; William Crossley, 
B.Sc. (Eng.) (Lond.), — Surrey ; ; Roland George 
Alexander Dimmick, B.Sc. (Leeds), Rugby; John 
Donkin, B.Sc. (Eng.), (Lond.), Birmingham ; Thomas 
Kenneth Aldersley Douglas, B.Sc. (D’ham), Hull; 
George Eckersall, Broadheath, Manchester ; Robert 
Lawrence English, B.Sc. (B’ham), Stafford; George 
Boag Galbraith, Warrington ; Mohammad Abdul 
Hamid Ghani, B.Sc. (Eng.) (Lond.), Lahore, India; 
Arthur John Gibbons, B.Sc. Tech. (Manch.), London, 
8.W.1 ; Henry Mark Johnston, Sheffield ; Neil Lawson, 
B.Sc. (Glas. ), Cardiff ; Robert Marsh, Heywood, Lancs ; 
Wojeclech Joseph Niziolek, Hatfield, Herts; Fritz 
Porges, Barton, Manchester; Thomas Maurice Harold 4 
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Import LICENSING REGULATIONS.—The many changes 
in import licensing regulations made during the war have 
been brought up to date and are issued in comprehensive 
form in a new Notice to Importers No. 188. Copies are 
obtainable on application to the Import Licensing Depart- 
ment of the Board of Trade, 189, Regent-street, London, 
w.i. 





GLasGow ENGINEERING EXHIBITION.—An exhibition 
embracing all aspects of engineering components relating 
to mechanical, electrical, optical, scientific and marine 
instruments and tools is to be held at Kelvin Hall, 
Glasgow, daily from 10 a.m. to 8 p.m., from November 15 
to 27. Arrangements are in the hands of Mr. D. M. 
Slorach, who organised the Sheffield and North- 
East Coast Exhibitions; he will act as honorary 
director and all inquiries should be addressed to him, 
enclosing a stamped addressed envelope, at 19, Lady- 
smith-avenue, Sheffield, 7. 





COMMITTEE ON TEXTILE-MACHINERY INDUSTRY.—It 
was announced in the House of Commons on June 3 that 
the Minister of Supply was to appoint a small committee, 
under the chairmanship of Mr. Justice Evershed, to 
investigate and report on matters connected with the 
manufacture and supply of cotton textile machinery. The 
Minister has now announced vhat four persons will sit 
on the committee with Mr. Justice Evershed, namely, 
Mr. F. E. Board, F.C.A., a member of the firm of Cobden, 
Board and Company, chartered accountants, Sheffield ; 
Mr. W. D’Arcy Madden, M.I.E.E., M.I.Mech.E., chair- 
man and managing director, Hick, Hargreaves and 
Company, Limited, Bolton; Mr. W. H. Green, J.P., @ 
member of the London County Council; and a represen- 
tative of the Ministry of Supply. Persons desiring to 
communicate with the committee should write to the 
secretary, Room 8.96, Ministry of Supply, Shell-Mex 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 


Trade and Technical Literature—The trade and 
technical literature issued by manufacturers is in such 
a multiplicity of sizes and shapes that the recipient 
has often considerable difficulty in filing the publica- 
tions. It is therefore of interest to record that the 
British Standards Institution have recently issued 
recommendations an the standardisation of the sizes 
of this type of literature. These recommendations 
have been drawn up primarily in relation to the 
literature issued by the building and allied industries, 
but many of the points brought out in the specification, 
B.S. No. 1311-1946, are applicable also to other indus- 
tries. The recommendations deal with the page sizes, 
and some observations are also made regarding the 
thickness, weight and titling of catalogues. A further 
section makes recommendations regarding the arrange- 
ment of the contents of the publications. It is suggested 
that the technical and commercial data should be 

in a definite standard order, so that once 
architects and builders have become accustomed to 
the arrangement they will know where to find any item 
quickly. It is recommended that the contents be 
set out under eight main headings, and although all 
these may not be applicable to all products, those 
items which are applicable should be arranged in the 
sequence specified. [Price ls., postage included.] 


Reinforced-Coucrete Poles.—A revision of B.S. No. 
607, covering reinforced-concrete poles for electrical 
transmission and traction has been issued recently. 
Supports for telegraph and telephone lines are included, 
but the specification is not intended to apply to lamp 
standards. Attention is called to the fact that when 
using the poles for traction purposes, special considera- 
tions may have to be taken into account, as for example, 
such factors as deflection under working load and the 
cross-section of the pole at ground level. Seven 
classes of pole are dealt with, giving a range of strengths 
corresponding to ultimate transverse loads up to 3,500 
Ib. Concrete fittings attached to, or forming part of 
the pole are alsocovered. [Price 2s., postage included. ] 


Lead Pipes.—Another reyision recently issued 
concerns the war-emergency specification, B.S. No. 
1085, first issued in January, 1943, covering material 
previously known as “ lead-alloy pipes.”” In view of 
the existence of other lead alloys which are not covered 
by this specification, it was felt that the original 
title was misleading. Hence the title has been amended 
to make clear that the specification covers only the 
silver-copper-lead alloy, the silver content being not 
Jess than 0-003 and not more than 0-005 per cent., and 
the copper also not less than 0-003 and not more than 
0-005 per cent. Apart from this, the main revision 
effected in the specification for use for post-war purposes 
is to bring the weights of the pipes into line with the 
weights specified in B.S. No. 603, covering ternary- 
alloy lead pipes. [Price 2s., postage included. ] 





BOOKS RECEIVED. 


Admiralty. Memorandum M.3. Repairs to Welded Ships. 
Recommendations by the Admiralty Ship Welding 
Committee for the Guidance of Ship Repairers, Inspectors 
and Foremen Engaged in the Repair of Ships’ Structures 
by Welding. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 9d. net.] 

The Transport Situation in Europe. No.7. April, 1946. 
Compiled by the EUROPEAN CENTRAL INLAND TRANS- 
PORT ORGANISATION. The Information Section, Euro- 
pean Central Inland Transport Organisation, 40, 
Grosvenor-square, London, W.1. [Price 5s. net.]} 

Ministry of Transport. Rail Divisi: Railway 
Accidents. Report on the Collision which Occurred on 
the 31st December, 1945, at Northwood on the Metro- 
politan and Great Central Joint Railway. H.M. Sta- 
tionery Office, Kingsway, London, W.C.2. [Price 
9d. net.) 

Factory Organisation and Management. By N. F. T. 
SAUNDERS. Second edition. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 10s. 6d. net.] 

The Cathode Ray Oscillograph in Industry. By Dr. W. 
Wuson. Second edition, revised. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 18s. net.] 

Thirteenth Biennial Report of the Department of Highways 
of the State of Louisiana to the Governor and Members 
of the Legislature, for the Period January 1, 1944 to 
December 31, 1945, Inclusive. The Director, The 
Department of Highways, State of Louisiana, Baton 








House, Strand, London, W.C.2. 





Rouge, Louisiana, U.S.A. 


PERSONAL. 


Str FREDERICK HANDLEY PaGeE, O.B.E., F.R.Ae.S., 
has been re-elected President of the Royal Aeronautical 
Society for the 1946-47 session, this being his second 
term of office. Smirk OLIVER Smoumonps, M.A., F.R.Ae.S., 
and Dr. H. RoxBEE Cox, B.Sc., F.R.Ae.S., are re-elected, 
and Mr. N. E. Rowe, B.Sc., A.C.G.I., D.I.C., elected, 
vice-presidents for the same session. 


Mr. E. H. Forp, O.B.E., M.Inst.C.E., City Engineer 
of Coventry, was elected President of the Institution of 
Municipal and County Engineers, 84, Eccleston-square, 
London, S.W.1, at the annual meeting, held in London, 
on July 4. Mr. J. B. L. THompson, M.C., M.Inst.0.E., 
Borough Engineer of Swindon, and Mr. C. GREENWOOD, 
M.Inst.C.E., Oity Engineer, Chester, were re-elected 
vice-presidents, and Mr. H. Hamer, M.Inst.C.E., City 
Engineer. Liverpool, was newly elected a vice-president. 

Mr. W. R. VERDON SMITH, a director of the Bristol 
Aeroplane Company, Limited, has been elected President 
of the Society of British Aircraft Constructors for the 
1946-7 session, in succession to MR. ARTHUR GOUGE, who 
becomes deputy-president in place of Mayor H. R. 


Kriner, M.C. Mr. ROBERT BLACKBURN, O.B.E., has 
been re-elected vice-president. 
Mr. ©. Percy Taytor, M.Inst.C.E., M.I.Mech.E., 


M.I.E.E., F.C.G.1., has left the Associated Portland 
Cement Manufacturers, Limited, after 49 years in the 
industry. He is succeeded as chief engineer by MR. G. 
REAM, O.B.E. 

Sm Ewart Smiru, technical director of Imperial 
Chemical Industries, Limited, who was Chief Engineer 
and Superintendent of Armament Design in the Ministry 
of Supply during the war, has been elected — 
of the London Midland and Scottish Railway Company. 

Mr. W. S. Morrison, M.P., Minister of Town and 
Country Planning in the Coalition and Caretaker Govern- 
ments, has joined the board of the Midland Counties 
Electric Supply Company, Limited. 

Sm Georce C, Hamiiron, Bart., J.P., has been made 
chairman of Tarslag Limited, of Wolverhampton and 
Stockton-on-Tees, in succession to the late Mr. W. 
SaNnGwin. Mr. W. D. SanGwin, A.M.Inst.C.E., has 
been made deputy chairman and managing director, and 
Mr. G. R. Baxter, A.M.Inst.C.E., joint managing 
director. Mr. G. O. Hans Hamttron is to continue on 
the board, and Messrs. S. W. SANGwIN, A. J. LOVELAND, 
B.Sc., A.M.Inst.C.E., and R. W. Oates, F.C.W.A., have 
been elected directors. Mr. Oates is the new secretary. 

Mr. W. S. SPICER, who occupies the position of chief 
buyer and stores superintendent of Hadfields Limited, 
East Hecla Works, Sheffield, has been appointed a local 
director of the company. COMMANDER E. H. M. 
NICHOLSON, D.S.O., who became a director of the firm in 
1916, retired from that position on June 29. 

Mr. W. MARSHALL, formerly general assistant (machi- 
nery and plant), Chief Mechanica] Engineer’s depart- 
ment, London Midland and Scottish Railway, Derby, 
has been made district outdoor machinery assistant, 
London, in place of Mr. F. G. UMPLeBYy, who has been 
promoted. 

Mr. T. R. B. SANDERS, a Fellow of Corpur Christi 
College, Cambridge, and for many years a lecturer in 
the Faculty of Engineering, has been appointed Principal 
Director of Technical Development (Defence), in the 
Ministry of Supply. 

Mr. D. W. REEs has retired from the managing director- 
ship of the North Central Wagon Company, Limited, 
Moorgate, Rotherham, after 54 years with the company. 
He has been appointed deputy chairman. 

THE BRITISH NON-FERROUS METAIS FEDERATION 
have acquired offices at 132, Hagley-road, Birmingham, 
16. (Telephone: Edgbaston 3386-7-8.) Mr. R. N. 
HeEaToN, A.C.A., has been appointed secretary of the 
Federation. 

The address of the Organising Committee of the 
NationaL CoaL Boarp is now Lansdowne House, 
Berkeley-square, London, W.1. (Telephone : GROsvenor 
4070.) Communications to the acting secretary of the 
Organising Committee concerning vacancies on the staff 
of the Board, however, should continue to be addressed 
to the Ministry of Fuel and Power, 7, Millbank, London, 
8.W.1. 

The Board of Trade announce the allocation of the 
first part of the SHorRT Bros. factory at Rochester, 
namely, Temple Farm, Strood, to MEssrs. HOBOURN 
AERO COMPONENTS, LIMITED, manufacturers of fuel 
pumps and braiding machines, Coventry, who hope to 
commence production at Rochester during August. 





AUTOMOBILE EXHIBITION, Paris: ERRATUM.—The 
next International Automobile Exhibition will be held 
in the Grand Palais, Champs Elysées, Paris (8e.), from 
October 3 to 13, and not from August 3 to October 13, 
as erroneously stated on page 598 of our issue of 





June 21. 
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NOTES FROM THE NORTH. 


GiasGow, Wednesday. 


Scottish Steel.—The inland demand has increased still 
further. and this is attributed to the fact that more 
labour is now available in the consuming industries. 
Shipbuilding requirements are still giving the steel- 
makers some difficulty. Times of delivery for plates 
are three to four months from the order, sections from 
two to three months, and bars from six to eight weeks. 
Sheets are unobtainable, in ordinary circumstances, under 
six months, though priority business is still being tran- 
sacted in much less time. Ore is coming in readily, but 
scrap is scarce. The re-imposition of the special price 
for plates, rolled in a sheet mill, is having a good effect, 
and already outputs of ¥,-in. plates are improving. Some 
of the mills are changing over from two-shift to three- 
shift working. 


Scottish Coal.—Supplies appear to be rather less plenti- 
ful owing to the pre-holiday pressure from gasworks, 
electric-power stations, railways, and coke ovens. Indus- 
trial consumers report that their deliveries are restricted 
for this reason. House coal is still moving steadily and 
with consumption reduced, the replenishment of reserves 
is proceeding more rapidly. The stocks in merchants’ 
hands are now higher than was the case a year ago. 
Outputs are fairly good, but no change in either direction 
is apparent. Opencast operations were a little difficult 
in places during the past fortnight. The export trade 
in coal from Scotland is very limited, and such allocations 
as have been announced for July indicate a smaller export 
tonnage than for June. 





NOTES FROM SOUTH YORKSHIRE. 

: SHEFFIELD, Wednesday. 
Iron and Steel.—The demand for acid carbon steels is 
in excess of production facilities, and there is also a 
continued strong call for basic steels of improved types. 
The expansion of the demand for alloy steels continues, 
with a considerable proportion of new export orders. 
High-speed steels are in good request, and there is a 
consistent demand for high-speed tools, including twist 
drills. Milling cutters and reamers are in demand. 
Hand-tool factories continue to be as busy as their 
production resources and the labour available allow. 
Permits have been granted for some new factories and 
for the extension of factories for firms with a considerable 


amount of export business in tools and cutlery on their | 


books. Iron foundries are actively employed but need 
more skilled men; steel foundries are as busy as the 
available labour permits. 


South Yorkshire Coal Trade.—Some small improve- 
ments in production at individual collieries have not 
relieved the acute scarcity of coal, especially for the gas 
and electricity undertakings, which are having to draw 
upon their reserves instead of adding to them. The 
heavy consumption of coal by the railways is giving 
rise to a stronger demand for steams, which are also 
keenly sought by industrial concerns. The cut in coking 
coal allocations is helping to some extent to meet the 
demands in other sections of the market. Coke is 
scarcer, both for industrial and domestic ‘use. No 
increase in export business is possible. 





BusK STUDENTSHIP IN AERONAUTICS.—The trustees 
of the Busk Studentship in Aeronautics, founded in 
memory of Edward Teshmaker Busk, who lost his life 
in 1914 while flying an experimental aeroplane, have 
awarded the Studentship for the year 1946-7 to Mr. 
Richard Peter Boswell, of Hawker Aircraft, Limited, 
Kingston-on-Thames. 





PRICES OF NON-FERROUS METALS.—In order to bring 
the selling prices of copper, lead and zinc in the United 
Kingdom more closely into line with current costs, the 
Minister of Supply has issued the Control of Non-Ferrous 


Metals (No. 24) Order (S.R. & O., 1946, No. 964, price mad 


2d.), which increases the maximum prices at which these 
metals may be sold in the United Kingdom. Under the 
new Order, which took effect on July 1, 1946, the maxi- 
mum prices for copper, lead, zinc and zinc products 
were increased as follows: copper by 127. a ton, and cop- 
per rods by 121. 10s. a ton; lead by 101. a ton; zinc by 
107. a ton, and zinc sheets by 101. a ton; and zinc oxide 
by 81. 10s. a ton. Holders of valid licences to purchase 
copper, lead or zinc metal (as sold by the Directorate of 
Non-Ferrous Metals), granted on or before June 29, 
1946, may, on application to the Directorate at 20, Albert 
Street, Rugby, cover themselves by purchases, where 
they have not already done so, against such licences 
up to and including July 15, 1946, at the maximum prices 
ruling on June 29, 1946. Inquiries concerning the 
above should be addressed to the Directorate of Non- 
Ferrous Metals, 20, Albert Street, Rugby. Copies of the 
Order may be obtained from H.M. Stationery Office, 
York House, Kingsway, London .W.C.2. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The total tonnage output of iron 
and steel is exceptionally heavy. The volume of orders 
in hand assures full activity of the producing plants 
during the third quarter of uhe year, while bookings up 
to the end of December leave little chance for new business 
for delivery in 1946. The pressure for the release of more 
tonnage for shipment overseas is still intense, but the 
claims for enormous supplies of material for urgent home 
requirements still limit the possibilities of handling export 
trade. Oonsiderable improvement in the labour situation 
can be reported, but fuel and iron-ore supplies remain 
well below the demand and are outstanding obstacles 
to increased production of iron and steel. The bulk of the 
output of the 26 blast furnaces in operation in the Tees- 
side zone is basic iron and is moving promptly into use 
at the local steelworks. Semi-finished steel is still 
wanted in larger quantities than are available. The pro- 
duction of nearly every finished commodity is rapidly 
taken up as soon as it becomes distributable. 


Foundry and Basic Iron.—The production of high- 
phosphorus pig iron is irregular and small. The needs 
of the light-casting plants call for bigger deliveries and 
hope is expressed of an increase in the already large 
supplies of Midland brands that are regularly reaching 
foundries in the North Eastern area. The whole of the 
basic-iron output is absorbed by the makers. 

Hematite, Low-Phosphorus and Refined Iron.—Careful 
distribution of the limited hematite make is dealing 
satisfactorily with the actual requirements of home 
consumers and extensive business with customers 
abroad could be put through if conditions justified the 
release of tonnage for export. The growing demand for 
low- and medium-phosphorus grades of iron is absorbing 
the outputs and supplies of refined iron are only just 
sufficient for users’ current needs. 

Manufactured Iron and Steel.—Semi-finished iron is 
obtainable in parcels that cover the users’ requirements 
and supplies of most finished-iron commodities are 
sufficient for actual needs but the demands for steel are 
greatly in excess of outputs. Re-rollers have a great 
deal of work in hand and require increased deliveries of 
steel semies. Billets, in particular, are in short supply 
and usable inferiors are readily taken up. Sheet- 
makers are overwhelmed with orders and cannot guaran- 
tee delivery of new purchases this year, while orders in 
the hands of the plate producers will ensure the full 
activity of the mills till the end of December. Rails, 
railway chairs, points, crossings and all descriptions of 
colliery equipment continue in heavy demand and 
producing plants are very busily employed. 

Scrap.—Iron and steel scrap is becoming more plentiful, 
but the demand is expanding and users of the betver 
grades readily accept all distributable parcels. 





PRECISION TUBING FOR ARGENTINE AIRCRAFT WORKS. 
—An order for 315,000 ft. of cold-drawn precision aircraft 
tubing for the construction and repair of machines of the 
Argentine Air Force has been placed with Tube Invest- 
ments, Limited, by the Argentine Government, for their 
aircraft factory at Cordoba. The contract will be under- 
taken at the Oldbury Works, Birmingham, of Messrs. 
Accles and Pollock, Limited. 


“ BIRMABRIGHT IN MARINE CONSTRUCTION.”—We 
have received from Messrs. Birmabright, Limited, 
20, Berkeley-square, London, W.1, an _ attractive 
brochure with the above title, prepared by their Marine 
Department to illustrate the uses of the aluminium alloy, 
Birmabright, in the construction of yachts, motor 
launches, ships’ lifeboats, and similar light craft. Parti- 
culars are given of the development of this alloy and 
suggestions for ite wider application in vessels of larger 
size, together with details of its physical properties 
and other technical data. A charge of 6s. per copy is 
e for the brochure, but we understand that this is 
refunded to inquirers who are commercially interested 
in the use of Birmabright. 





NATIONAL Gas TURBINE ESTABLISHMENT.—The trans- 
fer of the main functions of Power Jets (Research and 
Development), Limited, to a new organisation known as 
the National Gas Turbine Establishment took place on 
July 1. The Establishment, the formation of which was 
announced in the House of Commons on April 13 by the 
Minister of Supply, will be responsible for research and 
development work on gas turbines and all their applica- 
tions. Power Jets (Research and Development), Limited 
will hand over their premises at Whetstone (near Lei- 
cester) and Pyestock (near Farnborough) to the new 
organisation. The company, however, will be kept in 
being to exploit Government-owned patents in the gas- 
turbine field. Dr. H. Roxbee Cox, chairman and manag- 
ing director of the company, has been appointed director 
of the new Establishment. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF Puysics.—Industrial Spectroscopic Group: 
Friday and Saturday, July 5 and 6, The Wellcome 
Research Foundation, 183, Euston-road, N.W.1. Con- 
ference on “ Industrial Spectroscopy.” Friday, July 5, 
2.30 p.m., “Infra-Red Absorption Spectroscopy,” by 
Dr. H. W. Thompson and Mr. G. F. Lothian. Saturday, 
July 6, 10 a.m., “‘ Emission Spectroscopy,” by Mr. A. 8. 
Nickelson, Mr. A. Walsh and Mr. H. T. Shirley. For 
further details, see page 539 of our issue of June 7. 

INSTITUTION OF CIVIL ENGINEERS.—Thursday, July 11, 
5.30 p.m., Great George-street, Westminster, S.W.1. 
“The Use of Films as a Vehicle of Information,” by 
Mr. Geoffrey Bell. 

INSTITUTION OF PRODUCTION ENGINEERS.—Shrewsbury 
Sub-Section: Thursday, July 11, 7.30 p.m., Technical 
College, Shrewsbury. “The Principles Involved in 
Fabrication to Replace Castings,” by Dr. J. H. Paterson. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—An allocation of Welsh anthra- 
cite duff for shipment to Italy during July was announced 
on the Welsh steam-coal market during the past week. 
Shipments to Italy were only resumed in June and 
deiiveries for the month were fixed at 20,000 tons. For 
July they ‘will be 10,000 tons. For other countries, 
however, it was understood that there would be reduced 
quotas during that month. In the case of France, the 
quota would be only one-fifth of that for recent months. 
Replying to Mr. Shinwell’s statement in Parliament that 
he approved in principle the establishmen: of the five-day 
week for miners, South Wales coalowners have found 
the one redeeming feature of the statement in his 
announcement that it must be conditional on the ability 
of the industry to give the country the coal it needed in 
the shorter working period. Nothing appeared more 
certain, they said, than that under existing working 
conditions to cut the statutory working hours by nomin- 
ally one-sixth must seriously restrict output even if the 
sixth day were a Saturday, when absenteeism was heavy. 
Effective working hours gave the key to the problem. 
The effective employment of even the present resources 
would give the country enough coal for home and export 
needs. A strike of 1,800 miners at Penallta Colliery, 
Ystrad Mynach, brought operations at the colliery, which 
has a daily output of 2,000 tons, to a standstill. The 
home demand continued active and producers were kept 
busy in meeting the urgent requirements of this section. 
As a result, only the poorest grades could be spared from 
present outputs for shipment abroad, although shippers 
still had some supplies of the better qualities released by 
the lifting of Government emergency dumps. When 
these sources were exhausted, however, it was expected 
that the market would again revert to the position when 
only the poorest grades would be available for shipment. 
The demand was keen for the large coals which were 
well sold forward and very firm. Sized and bituminous 
smalls continued strong but some inferior dry steams 
were quietly available. 

Swansea Steel-Sheet Industry——The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, business in tin-plate was firm and the demand 
from all quarters was in excess of the current production. 
Makers were rapidly filling up their order books for the 
third quarter of the present year. The export market was 
quiet owing to the shortage of the supply. Steel sheets 
continue to be sought after but, as makers are heavily 
committed for some months ahead, new business is 
difficult. Iron and steel scrap is not active although 
users are taking more interest in the heavier and better 
qualities. The prices of iron and steel products and of 
non-ferrous metals are as follows: Prime tin-plates, per 
box of 108 Ib., containing 112 sheets measuring 20 in. by 
14 in., 32s. 6d., 32s. 9d., and 33s. 14d., f.o.r., according to 
the tin coating, for home consumption, and 33s. 6d. and 
upwards, f.o.b., for export. Unassorted tin-plate base 
uncoated plates, 27s. per box, f.o.r., at makers’ works. 
Unassorted terne-plates, per box of 112 sheets, measuring 
28 in. by 20 in., 61s. f.o.r. All the above prices are sub- 
ject to a revised schedule of extras for certain sizes and 
qualities. Galvanised corrugated steel sheets, No. 24 
gauge, in bundles, 271. 7s. 6d., and steel-sheet and tin- 
plate bars, 127. 2s. 6d., all per ton delivered. Welsh 
hematite pig iron, 8/. 9s., and Welsh basic pig iron 
71. 15s. 6d., both per ton, delivered, and both subject to a 
rebate of 5s. The distribution of supplies of metallic 
tin is controlled and the price of the metal is 3001. a ton. 
The maximum control price of fire-refined copper (con- 
taining not less tham 99-2 per cent. of the metal) is 
701. 10s. a ton, and that of high-conductivity electrolytic 
copper, 721. a ton. The maximum control price of lead, 
English quality, is 467. 10s. a ton, of foreign good soft 
pig lead, duty paid, 451. a ton, and of spelter, 401. a ton. 
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We desire to call the attention of our readers to 
fact that the above is the address of our Regis- 

Offices, and that no connection exists between 
is Journal and any other publication bearing a 
title. 


7G 


; 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £2 18 6 
Thick paper copies ............ £3 3 0 
For all other places abroad— 
Thin paper copies £3 3 0 
Thick paper copies 3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
—— mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertissment 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
$3} per cent. for fifty-two insertions. ' 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 


‘lication, otherwise it may be impossible to submit 


proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE BIKINI EXPERIMENT. 


Ir, as President Truman declared on the day after 
the first atomic war-bomb had devastated Hiro- 
shima, the production of the bomb must rank as 
the greatest achievement in the history of organised 
science, it may be claimed with equal justification 
that the series of tests, the first of which was carried 
out at Bikini Atoll on July 1, form the biggest, most 
expensive, and most publicised scientific experiment 
in history. What was done at Bikini is known fairly 
fully. What the three tests will cost has been 
variously estimated in money at figures from 
14,000,000/. to 125,000,000/., though the man- 
hours can only be guessed at; what will be dis- 
closed, that was not known or reasonably predictable 
on the basis of known facts, still remains to be 
seen. Before the bomb exploded over Bikini, at 
almost exactly 11.0 p.m., British Summer Time, 
popular opinion was being prepared by numerous 
scientific and other voices and pens to expect such 
spectacular results that even the Hiroshima and 
Nagasaki explosions would be outclassed. As the 
fateful day approached, some of the prophets 
seemed a little inclined to hedge, but few went far 
in that direction. When it had passed, there was 
a very general disposition to regard the results as 
disappointing; though subsequent reports have 
tended somewhat.to modify the initial belittlement 
of the bomb’s destructive effect against the warships 
exposed to its blast, and much of the disappoint- 
ment may be merely the reaction following a too- 
enthusiastic ‘“‘ build-up” by the atomic bomb’s 
advance press agents. 

Opinion in this-country, where conservatism is a 
national habit of mind quite apart from the indi- 
vidual’s professed political convictions, might have 
tended to regard the experiment more seriously if 
it had been conducted on a more modest scale and 
with a little less of the circus atmosphere ; a feeling 
which has not diminished since the publication by 
H.M. Stationery Office of the report of the British 
Mission to Japan on The Effects of the Atomic Bombs 
at Hiroshima and Nagasaki. If, it is argued, so much 
knowledge of these effects is available already—and 
six years of close censorship predispose to the belief 








that much more must be knownthan hasbeenrevealed 
publicly—why spend so much time and money on 
what will be largely a mere confirmation? [If it is 
necessary to prove that an atomic bomb, capable of 
blotting out half of a city and its inhabitants, can 
also sink a ship, is it to sink, or try to 
sink, a fleet of ships ?—most of them, incidentally, 
already obsolete or obsolescent. Surely it would 
have been possible to compute, from the effect on 
one modern ship of a bomb exploded at a known 
distance from the target, the probable effect upon 
other forms of floating steel structure, without 
such an elaboration of showmanship as Bikini 
appeared to be? In any case, all that is required 
is to know whether or not the crew of a ship can 
survive; if they die, it does not seem to matter 
much whether, to make the famous Irish distinction, 
they are “kilt ” or “ kilt entoirely.” 

The extraordinary thoroughness of the arrange- 
ments made to record every phase of Bikini’s 
mauvais quart d’heure automatically, while it is an 
education in the stage that has been reached in 
the construction of unattended or remote-controlled 
mechanisms, does raise somewhat analogous doubts 
whether, when the general overall effect of an 
exploding atomic bomb is known, there is much 
point in examining the intermediate and component 
effects so very closely. After all, one of the primary 
objects of the experiment was to ascertain the 
means of resisting the several effects—blast, flash- 
burn, gamma-ray emanations, the results of falling 
debris, etc.; but one of the principal causes of 
damage was fire, which has been studied exhaustively 
during the past six or seven years. After the Bikini 
explosion, various ships were reported to be on fire, 
and were found subsequently to be. seriously 
damaged ; but these shipboard fires were able to 
spread unchecked because there were no crews on 
board to check them. If the ships had been manned, 
even though those of the crew who were on deck 
might have been blotted out instantly by the 
explosion, the greater part, being below decks, 
would have survived to man the fire-fighting 
appliances. They might have died a week later 
from the gamma-ray anemia which killed so many 
thousands at Hiroshima and Nagasaki, but in all 
probability they would have mastered the fire. 

These and various similar criticisms which have 
been freely voiced on both sides of the Atlantic 
come as no novelty to those who organised the test. 
They were discussed, in fact, by Vice-Admiral 
W. H. P. Blandy, of the United States Navy, in a 
broadcast interview in February, not long after 
Admiral Blandy had been appointed to take charge 
of the joint Army-Navy Task Force which carried 
out the work. ‘“‘ From the data we gather in these 
test bombings,” he said, ‘“‘ we hope to learn what 
changes may be necessary in our Navy, and possibly 
also in our Army air and ground equipment ; also 
in naval tactics.” He made it clear, too, that he 
did not countenance the view of the experiments, 
repeatedly mentioned by American observers and 
commentators, as tests to decide whether or not the 
atomic bomb would make navies obsolete, declaring 
that ‘‘ No ship, airplane or ground weapon becomes 
obsolete simply because something new comes 
along which can destroy it; it becomes obsolete 
only when something new comes along which can 
replace it—either do its job better, or eliminate 
that job.” 

The contention that the whole experiment has 
been planned on too extravagant a scale has been 
denied on several occasions by American official 
spokesmen, including Vice-Admiral Blandy. It was 
pointed out that many of the vessels were required 
to carry recording apparatus and that it was 
important that these ships should not receive 
severe damage, otherwise the records might be 
lost. There can be no doubt that a full description 
of the ingenious devices adopted to obtain these 
records, when it can be published, will represent in 
itself a remarkable series of scientific achievements. 
Some general particulars have been disclosed, 
notably of the arrangements made to fly radio- 
controlled aircraft into the column of gases arising 
from the explosion and to take photographs, samples 
and other records en route. An example of the 
elaborate provision made to secure these records is 
the conjunction of automatic cameras and television 
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apparatus to record continuously by photography, 
in the controlling ‘‘ mother ”’ aircraft, the i 

of the instruments carried in the pilotless “‘drones ” 
as they flew into and through the gas cloud. 

Later, when the deep-water test is made, radio 
control will have to be employed to manceuvre a 
sizeable fleet of crewless ships over and around the 
spot where the bomb has been released; and, 
presumably, to release it. In many respects, this 
experiment, which is the third and last of the 
planned series, promises to be the most interesting 
of the three, and the details so far revealed inevitably 
prompt the reflection that, if remote control has been 
developed already to such an extent, the next war 
seems likely to be fought largely with crewless 
weapons. The inevitable result must be that war 
will become a contest in which the remote-controlled 
weapons will be directed against the enemy’s control 
points (or against large centres of population, in the 
endeavour to cause panic) and countered, if possible, 
by remote-controlled defence weapons. Unless 
victory can be achieved almost at the outset by a 
lightning attack or some stroke of luck, such as a 
technical or human breakdown in the control system, 
the war of scientific weapons will become a mere 
preliminary to war of a more old-fashioned type, 
carried out as before by mobile forces. Either way, 
it would seem that the tendency will be to reduce 
the casualty rate among the fighting forces and to 
intensify the effect, during and after the war, upon 
the civilian population. Admittedly, this is con- 
jecture, but the course of past wars points to its 
probability. The only certain thing is that, as with 
previous developments in lethal weapons, the atomic 
bomb will not “‘make war impossible,” but will 
merely make it more expensive, and its detri- 
mental effects on civilisation more prolonged. 

As this article is being written, only very sketchy 
reports have come to hand of the results of the 
Bikini test upon the structure of the ships; and 
these, being the cabled impressions of newspaper 
correspondents, presumably ‘“‘ worked up” on 
receipt by the staff of their respective papers, 
hardly come into the category of scientific obser- 
vations. Damage to superstructures may easily look 
much worse than it is, as many war photographs 
of shell-torn ships bear witness; with modern 
portable welding and cutting plants, temporary 
repairs can often be effected in a comparatively 
short time and, if the welding is skilfully done, can 
withstand ordinary stresses well enough to keep a 
ship in service. There is evidence, however, that 
the kind of heavy vertical blow which crushed in 
the flat roofs of reinforced-concrete buildings at 
Hiroshima may cause severe structural damage to 
a ship, and damage of a much greater extent than 
may be obvious at first sight. If, as seems possible, 
the structure of a ship is so distorted as, for instance, 
to affect the operation of gun turrets, or, in the 
case of an underwater explosion, to throw the main 
propelling machinery and shafting seriously out of 
alignment, the vessel may be immobilised and made 
virtually useless, even though the hull still remains 
watertight and a majority of the crew survive. 

There is a possibility, therefore, that the advent 
of the atomic bomb, coupled with developments in 
rocket warfare, may lead to considerable changes 
in the hull design of heavy warships, though not 
to the same extent in the design of lighter craft, 
which is more influenced by machinery space and 
weight. The space occupied by the machinery itself 
may be reduced by the adoption of gas-turbine 
propulsion, but only at the expense of operating 
radius unless the specific fuel consumption of the 
gas turbine can be brought more into line with that 
of present forms of marine prime-mover. It is at 
least conceivable, however, that the atomic energy 
which threatens the continued existence of the 
present types of warship may assist the develop- 
ment of new types by providing the means to 
employ a new form of power unit, much more 
compact than the old and requiring only an insigni- 
ficant space for fuel stowage. Even so, the American 
taxpayer, contemplating the cost of the Bikini 
experiment, may be inclined to wonder whether 
the most appropriate code word for it was “ Opera- 
tion Crossroads” or, perhaps, ‘‘ Operation Peter- 
kin” ; even a generation hence, it may not be easy 
to state ‘ what good came of it at last.” 





ELECTRICITY SUPPLY AND 
NATIONALISATION. 


THE Incorporated Municipal Electrical Associa- 
tion held its Jubilee Convention at Blackpool last 
week, under depressing conditions. During the 
fifty years of its existence, this body, which is fully 
representative of the municipally-owned electricity 
supply undertakings of the country, has done much 
useful work. It has provided a platform for the 
discussion of the technical and administrative 
problems among its members and has acted as a 
central organisation for the representation to higher 
authority of the views of the undertakings. Its 
principal virtue, however, has been that it has given 
an opportunity for both engineers and members of 
the electricity committees to interchange experiences 
informally. It has thus effected a measure of educa- 
tion the value of which should not be lightly dis- 
regarded. These activities, it is probable, must 
now cease or, at least, undergo a profound change. 
The electricity supply industry is high on the list for 
nationalisation, whatever that term may mean in 
this connection, and a natural consequence must be 
that the main objects of the Association, as at present 
constituted, will disappear. Whether it will, or 
can, re-emerge in some new form remains to be seen. 
We trust that complete dissolution will be avoided 
and therefore withhold any valedictory tributes 
that may be its due. 

It can, however, be recorded that whether the 
Association continues or disappears, no indication of 
defeatism was observable during the proceedings 
at the convention which has just concluded. Those 
present were naturally curious, if not anxious, to 
know along what lines the Government propose 
to plan the future of electricity supply. They were 
also as naturally disturbed about the fuel position. 
Irritation was apparent, moreover, at the suggestion 
that, in carrying out their broader schemes of re- 
organisation in the fuel industry, the Government 
might deprive the consumer, especially the domestic 
consumer, of the right to choose in what form he 
would take his heat requirements. Finally, fears 
were expressed that if the three industries—coal, 
gas and electricity supply—were controlled by one 
official body, with the Treasury looming in the back- 
ground, it was not unlikely that the strong might be 
used to support the weak and would suffer in the 
process. All these problems, and many others, were 
discussed both officially and unofficially without any 
clear-cut conclusions being reached as to the action 
which should be taken to solve them. This is not 
surprising, since, until the Government disclose their 
plans in detail the exact nature of the case that 
will have to be met remains obscure. 

As regards these plans, the Minister of Fuel and 
Power, who attended the convention, did not 
provide much more information than was already 
known. Indeed, he did little more than endorse 
what the Prime Minister and he had said at the 
recent Labour Party Conference; to the effect 
that the nationalisation of the electricity supply 
would precede that of gas, that re-organisation would 
proceed on regional lines, and that both municipally- 
owned and private undertakings would be included 
in the scheme. He added, however, that the objects 
of undertaking this task included the co-ordination 
of all forms of fuel and power and the elimination 
of wasteful competition. The hearty expression 
of disapproval which greeted this statement led 
him, perhaps indiscreetly, to make the further 
remarks that it would be unsound to promote the 
electricity supply industry at the expense of the 
gas industry and that the carbonisation of coal was 
more than ever necessary, in order that new indus- 
tries might be developed. His sole concession to 
the apprehensions of his hearers was to say that the 
conference chamber was still open and that he was 
always willing to listen to constructive opinion. 

In our view, it would be well if those representing 
both the municipal and the private electricity supply 
undertakings composed their differences, which 
at present are small, and, taking the Minister at his 
word, insisted not only that they should be consulted 
on the principles of the proposed re-organisation, 
but on the form the necessary Bill is to take. It 
is clear that the Government are determined to use 





their full powers to nationalise the electricity supply 
industry, though their motives for doing so are 
neither clear nor simple. That being so, it is surely 
better that the industry itself should take a hand in 
arranging its future than that it should leave a pro- 
blem, which is beset with technical and administra- 
tive pitfalls, to others, whose main qualifications are 
a doctrinaire enthusiasm and an urge to administra- 
tive centralisation. Moreover, past experience has 
shown that the most fruitful time to make such 
representations is when a Bill is being framed. Not 
only does a better balanced measure result, but 
questions of political prestige, which amendments, 
however valuable, inevitably arouse when they 
are introduced at a later stage, are avoided. 

This applies particularly to any clauses which 
may attempt to deal with the inter-relationships 
between the coal, electricity supply and gas indus- 
tries, and especially with any regulations that may 
be made under those clauses. In this connection, 
a word of warning may be uttered, lest the twin 
questions of gas competition and free choice by 
the consumer of the form of fuel he shall use are 
allowed to get out of perspective. Sir William 
Walker devoted a considerable portion of his presi- 
dential address (referred to on page 5 of this issue) 
to the recent Simon Report on Domestic Fuel 
Policy, and especially to those portions of it which 
advised the Government to compel the installation 
of solid-fuel burning appliances in the home, and 
hinted that the domestic consumer was being sup- 
plied with electricity at uneconomic prices. While 
we agree with him that this part of the report is 
unfortunate, both in its wording and in its advice, 
we hope that we shall not be considered unduly 
optimistic if we say it need not be taken too seriously. 
To force a consumer to use a form of fuel he does not 
want augurs a degree of regimentation which even 
the most advanced bureaucrat would hardly attempt. 
Local efforts to do so have been made, of course, and 
will doubtless be made again, but against such action 
public opinion is capable of exerting considerable 
force and is correspondingly difficult to resist. 
Assuming freedom of choice the consumer will then 
select the form of fuel which he prefers; and to 
protest too vociferously against gas or other compe- 
titors may be to give an impression which should be 
avoided. 

Finally, to turn from these questions of high 
politics to a matter of outstanding and immediate 
importance. Whatever plans the Government 
have for increasing the output of coal, the facts 
remain that supplies are lagging far behind the 
demand and that the quality now being delivered to 
the generating stations is such that further disabili- 
ties are imposed on the undertakings. Moreover, as 
Sir William Walker pointed out, undertakings have 
no longer any say in the quality of the coal they may 
buy, nor in its price, nor as to the source from 
which it may be drawn. The percentage increase 
in price to the undertakings is well in excess of 
that to industry generally, and the quality is both 
poor and variable. The effects on the consumption 
per kilowatt-hour generated and on the condition 
of the steam-raising plant are deleterious. The 
consequences of this state of affairs on the economics 
of the industry were dealt with in the last annual: 
report of the Central Electricity Board and need 
not be repeated, except to say that from the point 
of view both of the prosperity of the undertakings 
and of the public welfare the sooner a remedy is 
found the better. In fact, if the position is not 
remedied before the winter, the repercussions on 
industry may be serious enough to slow down our 
reviving export trade and to cause that widespread 
unemployment, the fear of which underlies so many 
of the Government’s actions at the present time. 
Only second to this question of quality is that of 
stocks; and it would be a real disaster if lack of 
foresight during the next three months brought 
about conditions during the coming winter which 
rendered the supply of electricity impossible for 
any length of time over any considerable area. 
The mere statement of these problems, which do not 
exhaust the list, is sufficient indication that the 
Incorporated Municipal Electrical Association have 
a useful part to play. If they are able to secure 
political development on the right lines, the Asso- 
ciation will have justified their existence. 
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NOTES. 


Tue Late Mr. Asa Bryns. 


As we go to press, news has been received of the 
death, on July 2, of Mr. Asa Binns, Wh.Ex., presi- 
dent-elect of the Institution of Civil Engineers and 
a past-president of the Institution of Mechanical 
Engineers. Mr. Binns had been ill for some time 
and for that reason was absent from the annual 
dinner of the Institution of Civil Engineers, on 
Wednesday of last week, but it was not generally 
known that his condition was critical. The announce- 
ment of his death will cause widespread concern, 
for Mr. Bipns had the gift of inspiring and retaining 
friendship, and would have been as popular a 
President among the Civils as he was, six years ago, 
among the Mechanicals. We hope to publish, in 
next week’s issue, an outline of Mr. Binns’s profes- 
sional career, practically the whole of which was 
devoted to the civil and mechanical engineering of 
docks, culminating in his tenure, from 1928 to 
1938, of the position of Chief Engineer to the Port 
of London Authority. 


Tue InstrruTion or Civiz ENGINEERS. 


The annual dinner of the Institution of Civil 
Engineers was held at Grosvenor House, London, 
W., on Wednesday, June 26. The chair was occu- 
pied by Sir Peirson Frank, President of the Insti- 
tution, who introduced the Right Hon. Herbert 
Morrison, P.C., M.P., Lord President of the Council. 
Mr. Morrison, proposing the toast ‘‘ The Institution 
of Civil Engineers,” justly eulogised the work of 
the British civil engineer, whose skill and enter- 
prise in irrigation schemes, bridges, dams, and 
harbour works abroad had a real ambassadorial 
value. Mr. Morrison then reviewed briefly the work 
of the civil engineer in war, referring particularly 
to the investigations made in support of military 
operations, instances being the use of scale models 
to ascertain the effects of explosive projectiles on 
various structures, such as the Méhne Dam, the 
Dortmund-Ems Canal, and the U-boat pens. He 
made reference also to the stone-filled bituminous 
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separate exhibitions were arranged by the various 
departments of the Establishment to illustrate theit 
work. Some 30 civil aircraft and a rather larger 
number of military machines were exhibited and 
many of them demonstrated their capabilities, as 
well as those of their pilots, in the air. Notable 
examples, mentioned at random from among the 
civil aircraft shown, were the Avro Lancastrian; 
York and Tudor I and II; the Bristol Freighter 
and Wayfarer ; the de Havilland Dove; the Hand- 
ley Page Halton and Hermes; the Miles Aerovan, 
Gemini, Marathon, Mercury and Messenger; the 
Percival Proctor V; and the Vickers Viking. 
Among the military aircraft may be mentioned the 
Gloster Meteor Mark IV, which holds the world’s 
air-speed record of 606 m.p.h. and is propelled by 
two Rolls-Royce Derwent V gas turbines; and the 
de Havilland Vampire I fighter, propelled by a 
Goblin gas turbine, which gives it a maximum 
speed of 540 m.p.h. at 18,000 ft. Many fighters, 
bombers and other types of Service machines which 
achieved high reputations during the war were also 
represented in this section. An interesting item in 
the engine exhibits was the Bristol Theseus I pro- 
pellor turbine engine. In this, air enters through an 
annular intake surrounding the propeller reduction 
gear and is compressed by a nine-stage axial com- 
pressor followed by a single centrifugal stage. The 
air is then passed through a heat exchanger to the 
eight combustion chambers. There are three tur- 
bine stages, two of which drive the compressor 
while the third drives the propeller. From the 
turbine, the gases pass back through the heat 
exchanger to the jet pipe at the rear. The sea-level 
rating of the engine is given as 2,350 equivalent 
brake horse-power at 300 m.p.h., and the fuel 
consumption as 0-57 Ib. per equivalent brake horse- 
Messrs. Metropolitan-Vickers Elec- 
trical Company, Limited, showed what is claimed 
to be the only “straight-through” axial-flow jet 
propulsion engine produced in this country. It is 
known as the F.2, Series 4, and has an annular 
combustion chamber which enables full advantage 
to be taken of the small frontal area of the axial 
compressor. The overall diameter of the power unit 





is only 37 in., and a maximum static thrust of 
3,500 Ib. is obtainable with a fuel consumption of 
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naturally, cited as a good example of the progressive- 
ness of the British civil engineer. Mr. Morrison then 
dealt briefly with future peace-time programmes. 
The road system, he said, would be greatly improved 
and there would be new crossings over and under 
some of the rivers, such as the Dartford-Purfleet 
tunnel, the Jarrow tunnel and the Severn bridge. 
There were large engineering works and hydro- 
electric generating station under construction at 
Loch Sloy, Tummel Garry and Loch Fannich. New 
generating stations were being built in various parts 
of the country. A capital expenditure of over 
50,000,000. on work for electricity undertakings 
was forecast between April of this year and next 
March. Work on docks, harbours, waterways, rail- 
way stations and bridges was waiting to be done, 
both in Great Britain and the Colonies. He appealed 
to civil engineers to study the problems involved. 
The toast was acknowledged by Sir Peirson Frank, 
who gave some interesting data on the recent 
growth of the Institution. The only other toast was 
that of “The Guests,” which was proposed by the 
Right Hon. Lord Macmillan of Aberfeldy, P.C., 
G.C.V.O., K.C., and was responded to by the Right 
Hon. Lord Latham of Hendon. An informal 
reunion followed the dinner and was greatly appre- 
ciated by the members. 


THe Roya Arrcrart EsTaBLISHMENT, 
FARNBOROUGH. 


On the invitation of the Minister of Supply, the 
Rt. Hon. John Wilmot, M.P., Members of both 
Houses of Parliament, representatives of the aircraft 
industry, and others, visited the Royal Aircraft 
Establishment at Farnborough, on Friday, June 28, 
mainly to see a display of recent British civil and 
military aircraft. In addition to the aircraft, a 
noteworthy exhibition of engines and accessories 





had been prepared by the manufacturers, and other 


speeds of 700 m.p.h. can be obtained, at reduced 
pressures, in a section measuring 10 ft. by 7 ft., and 
another tunnel giving air speeds of 275 m.p.h. at 
atmospheric pressure in a section 11 ft. 6 in. by 
8 ft. 6 in. in area ; the power required is 4,000 h.p. 
in each case. The work of the Structural and 
Mechanical Engineering Department includes 
strength tests on aircraft structures, and as an 
example of this mention may be made of the tests 
now being carried out on a half-scale model of the 
wing of the Bristol Brabazon I. Of no less interest 
were the exhibits of the Radio Department and of the 
departments concerned with materials, operational 
instruments, aerial photography, armaments, etc., 
but obviously it would be impossible to see all 
the exhibits in a single tour of inspection. The 
visitors, however, could hardly fail to receive the 
impression that the Establishment will play an 
important part in maintaining and improving the 
position which Great Britain has attained in civil 
and military aviation. 


Tue NorTHERN Heicuts MopgEt Fiyine Civs. 


If there still lingers any impression that the 
construction and flying of model aircraft is exclu- 
sively an amusement for small boys, bearing no 
relation to full-scale aviation, there were corrective 
impressions in plenty to be gained at the first post- 
war gala meeting of the Northern Heights Model 
Flying Club, held on Sunday, June 30, at the 
Langley aerodrome of Messrs. Hawker Aircraft, 
Limited. Youthful entrants certainly provided a 
large proportion of the 800 or more models which 
were in the air during the day, but the number of 
their seniors and of R.A.F. and other Service 
personnel who competed was noteworthy, as also 
were the advances which have been made in the 
design of miniature internal-combustion engines, of 
less than 2 cub. cm. cylinder capacity, requiring for 





their construction craftsmanship of very high 
quality, and displaying a reliability of performance 
which would have been regarded as creditable in a 
full-sized aero-engine not many years ago. In the 
course of the proceedings, an impressive demonstra- 
tion of the capabilities of the Hawker ‘‘ Sea Fury ” 
fighter was given by the firm’s chief test pilot, 
Mr. W. Humble ; this machine, which has a Bristol 
Centaurus engine of 2,400 h.p., was described on 
page 316 of our 160th volume (1945), and is @ 
development from the Tempest II. Incidentally, 
the atmospheric conditions being favourable, it 
provided as fine an example as we have seen of 
wing-tip vapour trails, at a height which cannot 
have been more than 100 ft. Dr. A. P. Thurston, 
M.B.E., President of the club, who addressed the 
members during the afternoon, observed that this 
was the first occasion in his 50 years’ experience of 
aeronautics when model and full-size aircraft had 
flown at the same meeting, and pointed out also 
that the chairman of the club (Mr. R. Copland), 
who is a member of the design staff of Messrs. 
Hawker Aircraft, Limited, was one of many whose 
initial interest in models had led eventually to 
responsible positions in the aeroplane industry. 


Tue Ranp WaTER Boarp. 


The Rand Water Board supplies water in bulk 
to local authorities, the Transvaal Chamber of 
Mines, and the South African Railway Adminis- 
tration. Its area of supply extended over 2,980 
square miles in 1945. Its sphere of operation has 
gradually extended in the past and, in 1909, covered 
only 1,756 square miles, the most recent extension 
being in 1941, when an area of 2,021 square miles 
to the north of the previous area was added. This 
brought in the city of Pretoria. The southern 
boundary of the Board’s area is formed by the Vaal 
River, which is the principal source of supply. 
Additional water is obtained from wells, but in 
1945, 90-65 per cent. of the water was drawn from 
the Vaal River. At Vereeniging, 35 miles south 
of Johannesburg, a pumping station draws water 
from the Vaal River and delivers it to a treatment 
plant. Vereeniging lies 1,000 ft. lower than Johannes- 
burg, the main centre of supply, and the water from 
Vereeniging is delivered by centrifugal pumps, 
operating against a head of 530 ft., to the Zwart- 
kopjes pumping station, 27 miles away and 8 miles 
from Johannesburg. Some particulars of the pump- 
ing plant will be found on page 152 of our 16st 
volume (1946). The Zwartkopjes station lies only 
212 ft. above Vereeniging and for delivery to the 
Johannesburg district the water has to be raised 
a further 800 ft. The station is equipped with 
steam turbine-driven centrifugal pumps, operating 
against normal heads of 1,150 ft. and 1,300 ft. 
These deliver to service reservoirs in Johannesburg, 
on the Central Rand and on the East Rand. There 
are power stations both at Vereeniging and Zwart- 
kopjes and from the latter a 16-kV transmission 
line connects to Zuurbekom, 17 miles away, to serve 
wells from which a small proportion of the total water 
supply is obtained. The Board has authority to 
abstract 215 million gallons of water a day from 
the Vaal River and 10 million gallons a day from 
underground sources. In the year ended March 31, 
1945, the daily average of water raised from all 
sources was 67-253 million gallons a day, so that 
there are ample reserves to cover future develop- 
ments. An additional water supply scheme, 
which includes supplies to the city of Pretoria, 
was sanctioned in 1941. This will ultimately 
increase total supplies furnished by some 20 million 
gallons a day, but it is stated in the latest, fortieth, 
annual report of the Board that war conditions 
have seriously hampered progress with this scheme. 
The project includes extension of the Zwartkopjes 
station, but manufacture of the necessary plant was 
stopped by the British Government. Permission 
to proceed has now been obtained. The total 
unit cost of pumping 1,000 gallons of water into 
supply was 1-4929d., and the average unit cost 
for all stations of raising 1,000 gallons 100 ft. 
was 0-0984d. These figures have not been greatly 
affected by war conditions; in 1941, they were 
1-4393d. and 0-1049d. The cost of coal actually 
decreased in the 1941-45 period from 8s. 2-394d. 





per ton, to 7s. 10-525d. 











16 ENGINEERING. ae JULY 5, 1946. 

















CENTRIFUGAL PUMPS AND BLOWERS. 
























































on page 74 of your 160th volume, that he could see 
no evidence of any confusion when the terms 
“‘ relative velocity” and “‘ through flow’ are used 
to describe the conditions in an impeller channel, 
can be explained by the views that he has previously | 
expressed in a letter in your issue of April 14, 
1941. He then observed that ‘Surely, if, at one 
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instant, fluid is at the entrance to a channel, and, 1-SO Vr, 
a little later, is at the exit, it can be said to have SE 100 1-00 
flowed through the channel.” Whichever expres- 
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allocation of the loss due to friction that is im- | \V | 0-2 > 0-28 “~~ 
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through a pipe would make the loss a hydraulic 
one ; whereas, in a centrifugal pump, the relative | combination of circumstances. Attention is drawn, | u, Vu, 
velocity which occurs in a yt es due to the | also, to the fact that no work can be done on the i Zhe volum of wutedaualh manned 
movement of the channel, and the power absorbed | fluid unless the absolute velocity has a velocity | to draw attention to the “distinct change in the 
should be treated as a mechanical loss. | gradient outwards. “This involves acceleration, | characteristic of this function at the minimum 
To uphold the relative-eddy theory, Mr. Jennings | which in turn absorbs energy that can only be | | quantity which completely fills the channels at 
claims that it gives excellent explanations of the | added by the active flow being in intimate contact | inlet. The initial portion is controlled by the depth 
forces exerted on the fluid by+the impeller. These | with the leading surface of the following vane, | | of fluid in the channel and the percentage of pre- 
forces can only be calculated from a knowledge of | while the dead-water space takes its natural position | rotation, while the remainder approximates to the 
the velocity and the pressure distribution round the | along the trailing surface of the leading vane. | Euler line, based on full channels, that would give a 
vanes, aad the one essential to this end is that the| If Mr. Jennings’s statement is correct, that the | theoretical closed-valve head of 333 ft. 
“flow ” should be perfectly directed by the trailing | fact of the channels being only partly filled by the | There is no theory involved in this treatment ; 
surface of the vane. Mr. Jennings is quite correct | active flow is so well known, it is somewhat sur- lit is merely simple applied arithmetic. From the 
in saying that we appear to assume that the well- | prising that all the published diagrams are based | result obtained, it would seem to be unnecessary 
known fact, that the impeller passages are rarely | on the assumption that the channels are full. Until | to indulge in infinite numbers, frictionless fluids, 
filled with active flow, is incompatible with the | this knowledge is acted upon, there is no hope of | | incompressible gases, angles or discharge other than 
relative-eddy theory ; but have the “hydraulic |an acceptable theory being evolved ; there is, | those provided by the construction, relative eddies 
experts all over the world,” who, Mr. Jennings says, | indeed, as stated in the review of Professor Church’s | | superimposed on a flow that does not exist, and 
have accepted this theory, really considered what it | book, published on page 3 of vo!. 160 of ENGINEERING | the other frills that embellish orthodox theory ; 
implies? Firstly, it means that, to calculate the | (1945), need for a rational treatment based on/| nor does it seem that your reviewer needs to apolo- 
pressure distribution round the vane, the dead- | observed conditions. To illustrate the possibilities | gise for “‘ putting forward some unorthodox views 
water space in a partly filled channel would have to|of such a treatment, the accompanying diagram, | on the theory of the centrifugal pump as a criticism 
be located in the middle of the channel; and, | Fig. 1, has been prepared, showing one channel of | of the quite orthodox theory developed by Professor 
secondly, for the “flow” to be perfectly directed | the impeller developed by Professor Church in the | Church.” If any adventurous mathematician wishes 
by the trailing surface of a vane requires that a | design section of his book; on this is indicated the | to embark on some original research, he might 
mass of fluid should cling to a polished metallic | approximate depth of fluid on the leading surface | consider with advantage the conditions which 
surface which may be moving at anything up to| of the vane, at various outputs. Figs. 2 and 3 are|induce the fluid to enter the impeller channels. 
200 ft. per second for liquids and the speed of | the corresponding velocity diagrams at exit and|When he has selected the correct hypothesis, a 
sound for gases, with nothing more to hold it in| inlet, respectively, the allowances made for pre- | successful investigation should define the direction 
this precarious situation than what is needed to | rotation at reduced outputs being in line with the | of V, and the suction capacity over the range of 
provide the basis of the circulatory theory. The | figures quoted in the review. The theoretical head output ; and if it could be extended to fix the 
relative-eddy theory also allows its supporters to| curve, calculated from values scaled from Figs. 2| optimum inlet angle, this would be a distinct 
visualise the fluid flowing inwards along the leading | and 3, is given in Fig. 4; this curve, in combination | advance on the haphazard methods employed at 
surface of the vane, and encourages them to remark | with the impeller 7,, curve, gives the estimated | present to decide this important feature. 
that some 25 per cent. of the exit area, immediately | head-volume curve that may be expected on test. Yours faithfully, 
in advance of the leading edge, is worse than idle. | To simplify the figure, the leakage loss or volumetric G. Ure Rew. 
It would be difficult to conjure up @ more fantastic ' efficiency has to be taken as included in the y,,! Dollar, Clackmannanshire. 
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RECOLLECTIONS OF EARLY 
NAVAL FLYING. 


By Squapron-Leaper F. J. RUTLAND, 
D.8.0 


In the issue of ENGINEERING of July 2, 1943, 
there appeared the first of a series of articles by 
Commander Peter Bethell, R.N., on “Ship Flying 
and Aircraft Carriers,” in which he traced the 
development of naval flying from its beginnings 
in the years immediately preceding the 1914-18 
war. His treatment of the very earliest stages of 
this development, however, was necessarily con- 
densed and, in any case, he was obliged to rely for 
most of his information regarding this period— 
roughly, the first ten years of flying in the Royal 
Navy—upon records already available in official 
histories and works of reference. It was the present 
writer’s good fortune to be intimately and respon- 
sibly concerned with much of the experimental 
work and the operational flying carried out during 
those ten years, and it seems desirable, therefore, 
that Commander Bethell’s excellent summary 
should be supplemented, as a matter of historical 
record, by the personal recollections which follow. 

At the outbreak of war in August, 1914, the 
Admiralty quickly turned their attention to the 
provision of seaplane carriers. On August 11, the 
cross-channel steamers Engadine, Riviera and 
Empress were requisitioned and placed in Dockyard 
hands to make them suitable for carrying seaplanes. 
These alterations primarily consisted in removing 
parts of the superstructure and cabin space to make 
room for planes to be carried on the decks. Awn- 
ings and canvas screens were provided to protect 
the planes from the weather and suitable derricks 
fitted for hoisting them in and out. It is interesting 
to note that at this time there was no thought of 
using these carriers for fleet co-operation. They 
were intended purely as a means of enabling planes 
to reach the enemy coast in order that Zeppelin 
sheds could be attacked. These were, at that time, 
far outside the range of seaplanes operating from 
bases in England. 

It was indeed unfortunate that more attention 
had not been given to naval aviation before the 
outbreak of war. Little interest had been shown 
in the development of this new arm. The first sea- 
plane was built at Eastchurch in March, 1912. 
Two seaplanes had been embarked in the cruiser 
Hermes in the summer of 1913 for the manceuvres, 
apparently without much success, but there does 
not seem to have been any serious attempt to follow 
up these experiments and to encourage the design 
of seaplanes and the higher-powered engines re- 
quired for them. It must be remembered that aero- 
planes were in their infancy and that we were 
entirely dependent upon foreign engines of rela- 
tively low horse-power. The 80-h.p. Gnome air- 
cooled rotary and the 70-h.p. air-cooled cylinders- 
in-line Renault were practically the only engines 
available, and both were of far too low a horse- 
power for use in a heavy seaplane. There were 
several types of seaplanes, but few that could be 
considered seaworthy or suitable for naval purposes. 

For some time, both seaplanes and their engines 
were definitely experimental and had to go through 
their teething troubles while on service. There was 
no real policy for the training of pilots or observers, 
and there was very little equipment for the few 
seaplanes that were in service. The Royal Naval 
Air Service had a total of only two Vickers machine 
guns and one Lewis gun, this latter having been 
lent to them by Colonel A. G. Lucas, C.B. There 
were a few rifles and pistols and a few rifle grenades. 
Bombs were scarce, a few 20-lb. bombs being all 
that were available ; later, some 6-in. shells were 
fitted with vanes to convert them into bombs. 
Bomb racks were mostly improvised. A few air- 
craft had wireless transmitters, the Rouzet spark- 
type transmitter being the most successful; but 
there were only 16 of these available for the 
whole of the R.N.A.S. Reception of wireless tele- 
graphy by the aircraft was most unreliable, as they 
depended upon crystal detection, and the vibration 
upset the crystal contacts. There were no signalling 
lamps, and none was invented until early in 1916. 
All communication between the aircraft and the 


ground or ship was made by semaphore, which was, 
of course, a very difficult undertaking and only 
possible in a two-seater. 

On Christmas Day, 1914, a few seaplanes had 
been collected together and the above three carriers, 
under the escort of the Harwich flotilla, arrived at a 
position 12 miles N.W. of Heligoland, and there 
they hoisted out nine seaplanes. Their objective 
was the Zeppelin sheds at Cuxhaven, and reconnais- 
sance of the Schillig Roads. The weather was 
excellent and seven of the seaplanes got away. 
Unfortunately, heavy mist obscured the target. 
Three planes returned to the carriers; three came 
down near our waiting submarines, which took the 
pilots on board, the planes being sunk; and one 
came down with engine trouble near a Dutch 
trawler, the pilot being taken on board. This 
spectacular operation, while achieving little of a 
military nature, caught the imagination of the 
public and the Press. This, no doubt, gave an 
impetus to the provision of carriers fitted up per- 
manently to carry seaplanes. The Engadine, 
Riviera and Empress were dispatched to various 
yards and each fitted with a permanent hangar and 
cranes, and a small but efficient engineers’ and 
carpenters’ workshop. In March, 1915, these three 
ships assembled at Harwich to carry out further 
raids. In the meantime, the Ben-my-Chree was 
taken over from the Isle of Man service and simi- 
larly fitted. She, being a little longer and heavier, 
had a platform fitted in front of the bridge and a 
Baby Sopwith was placed there ready to be flown 
off the ship. She also joined up at Harwich about 
the end of March, 1915. 

Plans had been approved before the war for the 
provision of a floating seaplane base, on the same 
lines as the parent ships for submarines. Seaplanes 
had such short range that they could not fly from 
one shore base to another, and the floating base was 
designed to carry out this duty of transporting 
them from base to base and from factories to bases. 
The hull of a ship under construction was taken over 
at the end of 1913, but it was not until January, 
1915, that she was commissioned, having been 
launched in September, 1914, and named Ark Royal. 
She was 352 ft. long, 50 ft. beam, 18 ft. draught and 
displaced 7,400 tons. Her hold space for carrying 
seaplanes was 150 ft. by 45 ft. by 15 ft. high, giving 
a capacity for ten seaplanes. The cranes were 
operated by steam. Her speed of 11 knots prevented 
her from being of any use in mobile operations, but 
she was able to perform useful service as a seaplane 
base. The cruiser Hermes carried three seaplanes, 
but was torpedoed and sunk in October, 1914. The 
liner Campania was purchased froms the Cunard 
Line, literally rescued from the scrap heap, and work 
at once put in hand to enable her to carry seaplanes. 
She will be dealt with later. The Viking was taken 
over from the Isle of Man service and renamed 
Vindex. She was similar to the Engadine except 
that she had a small forward hangar, which housed 
two small Bristol Bullets (single-seater fighters), and 
when completed was attached to the Harwich 
flotilla, where she remained until the end of the war. 
She had a dismountable runway to fly off these 
small fighters and though she performed useful 
service with the Harwich flotilla, there was no 
outstanding feature in it that has a place in this 
article. 

Before returning to the carriers assembled at 
Harwich, pérhaps a better understanding of the 
state of the R.N.A.S. will be provided if a few facts 
are given. It is recorded that on August 7, 1914, 
three seaplanes escorted the Grand Fleet to sea 
from Scapa Flow—one Henri Farman (pusher), 
one Short (pusher), one Sopwith Batboat (pusher). 
The first two could be classed as aeroplanes or 
seaplanes as they could be fitted with a wheel chassis 
or @ float chassis. The Sopwith was experimental. 
On August 27, Commander C. R. Samson took a 
flight of planes to France. It consisted of three 
B.Es. (tractors), two Sopwith biplanes (tractors), 
two Bleriot monoplanes (tractors), one Henri 
Farman biplane (pushef one Bristol biplane 
(tractor), and one Short seaplane fitted with wheel 
chassis (pusher biplane). It will be seen that there 
was a complete absence of standardisation. This was 





due to the fact that no type had been produced 
which could be considered suitable for quantity 
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orders. There were many difficulties, and many 
schools of ¢hought existed—pushers versus tractors, 
and biplanes versus monoplanes. The shortage of 
engines and their low horse-power, and the very 
little knowledge available of aerodynamics, all pre- 
vented standardisation. Eastchurch was the prin- 
cipal naval air station. In January, 1915, there were 
about six small hangars there, two of which were 
privately owned. J. W. Dunne was experimenting 
with his tailless machine, now known as the flying 
wing, and Colonel Alec Ogilvie with his Cody ’plane. 
There were not more than four pupils there, but 
they began to arrive in greater numbers from 
January, 1915, onward. 

The total complement of aircraft on the station 
was as follows. There were three Short pushers, 
which got off at about 25 m.p.h. and flew level at 
about 45 m.p.h.; they had the 80-h.p. Gnome 
radial engine. The two Maurice Farman pushers 
took off at slightly higher speed and had a slightly 
higher top speed ; their power unit was the 70-h.p. 
air-cooled cylinders-in-line Renault. There was 
also one Bristol two-seater tractor (four-wheel 
chassis), with an 80-h.p. Gnome engine, and a per- 
formance a little better than that of the Maurice 
Farman. They each carried a compass, but this 
was most erratic and quite useless. There was an 
air-speed indicator and an engine revolution indi- 
cator, but both were unreliable and were never used 
except as a check. A spirit level, with bubble 
acrosswise, an oil pulsator to check the working of 
the oil pump, and a glass tubular petrol gauge on 
the tank completed the instruments. There was no 
navigational training; this and map reading the 
newly-joined pilots from civil life had to acquire on 
service. Bomb dropping, rifle and pistol practice 
also had to be acquired later. There were no 
machine guns, and no machines to fit them to if 
there had been. One simply had instruction in 
flying; every pilot had to do a certain minimum 
number of hours flying before he was qualified and, 
of course, the time varied considerably with different 
officers. I had 30 minutes’ instruction (dual), and 
then decided I would like to go “solo.” Of course, 
there was nothing in flying these aircraft; confi- 
dence was the only requirement, plus the knack of 
handling the engine. 

The rotary engine in those early days was most 
difficult. There was no carburettor. The so-called 
throttle shut off the air to a hollow crankshaft, 
and a copper pipe running along this shaft fed petrol 
to the crankcase, the supply being regulated by 
means of a screw needle valve. Any variations of 
the throttle opening necessitated an adjustment of 
the needle valve. Engines would not throttle down 
below 600 r.p.m., the full speed being 1,200 r.p.m. 
When landing, the throttle was almost closed, 
petrol cut down by means of the needle valve, and 
the engine “ blipped,” that is, switched on and off by 
means of a thumb switch on the wheel or stick, 
whichever was fitted. Care had to be taken to see 
that sufficient petrol was admitted to charge the 
cylinders whenever the blip switch was opened, and 
not enough to choke the engine and stop it. This 
was the only real difficulty in flying these aircraft. 
The number of hours that could be flown in winter 
was small, as only in the early mornings and later 
afternoons was the air considered suitable for flying. 
An instructor would go up and test the air before 
flying was allowed to begin ; a necessary precaution 
because of the low power and small range of flying 
speed of these aircraft. 

After qualifying at Eastchurch, the pilot was sent 
to a seaplane station to learn to fly seaplanes. I had 
passed out after a few hours, but had to complete my 
eight hours and was then sent to Calshot for seaplane 
instruction. Seaplane bases had been established 
on the south and east coast for some time, mainly 
for patrol duties against submarines ; but few had 
any seaplanes at the outbreak of war and those that 
were in existence were very poor. Calshot was 
one of the largest stations, and there a couple 
of hangars had been erected on Calshot Spit. 
Orders had been placed for both Short and Sopwith 
seaplanes, fitted with a 200-h.p. Sunbeam-Coatalen 
engine. Both engines and planes were experi- 
mental and though some were built, they were 
soon abandoned. I did one flight in a 200-h.p. 
Sunbeam Sopwith and was then alleged to be 
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qualified in seaplane flying. This was a “‘ zoggy” 
*plane, with a tendency to spin on a tifrn unless a 
good speed were maintained. There were two or 
three of these at Calshot in January, 1915, but little 
else. The only seaplane of merit at that time was 
the Baby Sopwith, a single-seater with an 80-h.p. 
rotary engine and with warping wings instead of 
the usual ailerons. It had competed successfully 
for the Schneider Trophy. The Baby Sopwith, 
however, had not then been produced in any 
numbers. The heavy planes were later super- 
seded by the 150-h.p. Canton-Unné Short, which was 
the only two-seater in service for the whole of 1915, 
while the Baby Sopwith was the only single-seater 
seaplane. The Short got off at about 42 knots and 
flew level at about 52 knots, had a four-hours 

and seemed to stand any amount of loading. The 
engine was a water-cooled seven-cylinder radial, and 
had a copper water jacket. The Baby Sopwith was 
continually improved in both stréngth and per- 
formance, finishing with orthodox ailerons and with 
a@ 110-h.p. Clerget rotary engine. It got off at 
about 42 m.p.h. and had a speed of 85 m.p.h. in 
the early days, but about 110 m.p.h. when fitted 
with the Clerget engine. Only rifles and pistols 
‘were supplied as armament, but, later, bomb racks 
were fitted under the fuselage. 

The carriers at Harwich were equipped with 150- 
h.p. Canton-Unné Shorts, except the Engadine, 
which carried Baby Sopwiths. Both these types 
began to bé delivered from the factories in early 
March. The Empress, Riviera and Ben-my-Chree 
carried four machines each, and the latter also carried 
one Baby Sopwith just before the bridge. This 
machine was mounted on a trolley and it was 
intended to be flown off an extended platform. The 
Engadine carried five Baby Sopwiths. It was pro- 
posed to use the Shorts to bomb airship sheds, and 
the Baby Sopwiths to attack enemy Zeppelins if 
they came out to attack the carriers, as they did, 
though without success, on the Christmas Day raid. 
Our first operation was an attack on the Cuxhaven 
airship sheds, and at the end of March we proceeded 
to sea, escorted by the Harwich flotilla, for that 
purpose. We left Harwich at about 3 p.m. and at 
about 5.30 a Zeppelin was reported by one of the 
cruisers. Seaplanes were ordered up to attack. 
Ben-my-Chree’s Baby Sopwith had engine trouble, 
which perhaps was fortunate, for the length of run 
provided was quite inadequate with the air speed 
available and could only have ended in disaster. 
‘The Engadine sent up three Baby Sopwiths, piloted 
by Squadron-Commander B. Travers, who had 
joined the ship at his own request to take part in 
this operation, Flight Sub-Lieut. H. J. Batchelor, 
and myself. 

The sea was excellent, and no difficulty was experi- 
enced in getting away. The “ Zeppelin” turned 
out to be a cloud, but the error was discovered 
too late to cancel the flight. Upon my return 
I saw a wrecked seaplane in the water. It turned 
out to be Travers’s machine, which had cart- 
wheeled on landing. The sea had become quite 
rough, which was afterwards found to be due 
to the wash of the destroyers steaming around 
to protect the carriers from submarines. On my 
way out, I had seen a seaplane spiralling down as 
though about to land, I took a bearing of the two 
squadrons and reported the position on my return. 
I landed by flying extremely slowly and “ pan- 
caking” between two waves, and was hoisted in. 
The escort and carriers searched for Batchelor, but 
neither he nor his machine was seen again. Thick 
fog set in during the night, and next day, and the 
operation was cancelled. The insistence on main- 
taining a destroyer-screen while hoisting out the 
seaplanes effectively frustrated any possibility of 
successfully flying them off from the water. For 
two months, seaplanes were taken to the enemy’s 
waters and seldom did they get away ; either it was 
too rough, or else fog, engine trouble, etc., inter- 
vened, and in most cases the “rough weather” 
or sea was caused by the destroyers. The Shorts 
were equipped with six 20-lb. bombs or two 65-lb. 
bombs, while the Sopwiths carried four 20-lb. 
bombs; no guns were carried. The method of 
attack on Zeppelins was to drop the bombs on them. 
At theend of May, 1915, it was decided to postpone 
‘further raids and to disperse the carriers to various 





ports, where they could be more usefully employed. 
There is no evidence that any proposal had been 
made at the time to use carriers with the fleet. The 
Ben-my-Chree went to Mudros, the Riviera and 
Empress to Dover, and the Engadine to the Firth 
of Forth. The carriers were in charge of squadron 
commanders, Squadron-Commander R. N. Peel Ross 
being captain of H.M.S. Engadine. I was appointed 
senior flying officer under him and three new 
flight sub-lieutenants joined the ship. In August 
theré was a change, and the carriers had R.N. 
non-flying officers appointed. I was then, as a 
Flight Lieut. R.N., the senior flying officer in the 
Firth of Forth. During the remainder of 1915, 
we lay at Granton, and carried out occasional patrols 
of the entrance to the Forth, together with exercises 
in bombing and wireless transmitting, and I remem- 
ber that, on one occasion, I reduced the petrol in 
the tank to half an hour’s supply and took up a 
14-in. torpedo, weighing, I think, about 850 lb. 
One would not say that the seaplane was highly 
manceuvrable with this weight. 
(To be continued.) 





OBITUARY. 


SIR GEORGE JULIUS. 


News of the death of Sir George Julius, consulting 
engineer and inventor of the automatic Totalisator 
and other calculating devices, has reached us from 
Sydney, Australia. George Alfred Julius was the 
eldest son of the late Dr. Churchill Julius, formerly 
Archbishop and Primate of New Zealand, and was 
born at Norwich on April 29, 1873. He received his 
early education in this country, and at the Church 
of England Grammer School, Melbourne. After 
matriculating in 1889, he served a pupilage of five 
years in the works of Messrs. Scott Brothers, at 
Christchurch, New Zealand, and in various New 
Zealand Government railway workshops, and then 
obtained the B.Sc. degree in New Zealand Univer- 
sity. He was engaged on special railway test work 
in 1895, and, in 1896, was appointed assistant to the 
Locomotive Engineer, Western Australian Govern- 
ment Railways. In the following year, he became 
acting works manager of the locomotive department, 
and, in 1898, was appointed chief draughtsman and 
engineer in charge of all tests for the Western 
Australian Railways. He held this appointment 
until 1906, during which time he laid out and super- 
intended the equipment of new railway workshops 
in Western Australia, served on several Royal Com- 
missions, and conducted tests for the Mines Depart- 
ment of Western Australia. 

In 1906, Julius opened a consulting-engineering 
practice in Sydney, New South Wales. In this 
capacity he designed and superintended the erec- 
tion, of engineering and electrical plants in all 
parts of New South Wales and was responsible for 
a detailed investigation and tests of the physical 
properties of Australian hardwoods, on which he 
published an authoritative report. He served as 
President of the Engineering Association of New 
South Wales in 1911, 1912 and 1913, and of the 
Electrical Association of New South Wales in 1918. 
In 1925, he was elected President of the Institution 
of Engineers, Australia, and, in 1926, was appointed 
chairman of the Commonwealth Council for Scien- 
tific and Industrial Research. For his many 
services he received the honorary degree of Doctor 
of Science of the University of New Zealand and 
was created a Knight in 1929. Sir George was 
elected a member of the Institution of Mechanical 
Engineers in 1912 and was chairman of the Austra- 
lian Advisory Committee of the Institution. 





MR. JOHN OSWALD, O.B.E. 


WE also regret to record the death of Mr. John 
Oswald, which occurred on July 1 in a nursing 
home in Edinburgh. Mr. Oswald, who was Engineer 
to the Commissioners of Northern Lighthouses, was 
born on October 21, 1884, and educated at George 
Watson’s College, Edinburgh, and at Edinburgh 
University and Heriot-Watt College, obtaining the 
B.Sc. degree in engineering in 1907. He became 
a pupil of Messrs. D. and C. Stevenson in 1906 





and afterwards remained with them as an assistant, 
being engaged in making drawings and specifications 
for lighthouse and fog-signal machinery and other 
plant. In 1909, Mr. Oswald went to the Argentine, 
where he became assistant engineer on the con- 
struction of new lines between Alvear and Olavarria, 
on the Great Southern Railway, and between Alvear 
and Pigiié, in the Province of Buenos Aires. From 
1911 until 1915 he was also engaged on the Saladillo, 
Neuquen to Zapala, and Tandil to Las Nutrias exten- 
sions. In 1916, Mr. Oswald was given a temporary 
commission in the Royal Engineers and served as 
assistant, and later, as officer-in-charge of railway 
surveys for the Egyptian Expeditionary Force, in 
Egypt and Palestine. He was twice mentioned in 
dispatches and was demobilised with the rank of 
Captain early in 1919. 

Later in that year, he went to China to take up 
the appointment of Chief Assistant, Chinese Light- 
house Service, which is responsible for lighthouses 
and marine installations, and also for the properties 
of the Chinese Customs Service. In 1929, Mr. Oswald 
was appointed Chief Inspector of Lighthouses in 
British India and technical officer to the Government 
of India on lighthouse questions. His jurisdiction 
extended not only over the coasts of India and 
Burma, but also covered Aden and the Persian Gulf. 
He continued to hold this office until some seven 
years ago, when he returned home to take up the 
position of Engineer to the Commissioners of 
Northern Lighthouses. As a partner in the firm of 
Messrs. Gardner and Oswald, Edinburgh, he also 
carried on a private practice dealing with lighthouse 
and harbour questions. Mr. Oswald was an Officer 
of the Order of the British Empire, and was made a 
member of the Institution of Civil Engineers in 1930. 





ADJUSTABLE SPACER FOR MILLING 
CUTTERS. 


Srnce we described an adjustable spacing device for 
milling cutters manufactured by Messrs. Euco Tools, 
Limited, 30, Udney Park-road, Teddington, Middlesex, 
in ENGINEERING, vol. 159, page 386 (1945), certain 
developments have been made which may now be 
referred to. Increased demand has resulted in a 
larger number of sizes being needed and the spacer is 
now made in six sizes for British dimensions and six 
for metric dimensions. Spacers are now available 
with a collapsed width of } in., a bore of 1 in., 
and an outside diameter of 1# in., and, at the other end 
of the scale, spacers with a collapsed width of }# in., 
a bore of 2 in., and an outside diameter of 3 in. The 
smallest metric spacer is 6-3 mm. wide by 16 mm. 
bore and 33-5 mm. outside diameter, the corresponding 
dimensions for the largest spacer of this type being, 
respectively, 20-5 mm., 27 mm., and 50 mm. Fig. 
1, opposite, shows four spacers on a gang milling 
cutter set-up, the graduations on the conical adjusting 
scales having been emphasised for the sake of clarity. 
These graduations are spaced approximately } in. apart, 
each mark indicating a difference in thickness of the 
spacer, when the knurled conical outer sleeve is turned, 
of 0-0005 in. The spacing of the graduations in the 
metric type is about the same, each mark indicating 
a difference in thickness of 0-01 mm. Rotation of 
the sleeve causes increase or decrease of the width 
of the spacer. Adjustment, which is infinitely variable 
between the extreme limits, is made by the fingers 
only, although tommy-bar holes and spanner flats 
are provided to enable adjustment to be made in situ- 
ations which cannot be reached by the fingers. The 
spacers are now manufactured from a heat-treated 
alloy steel with a Brinell hardness number of 590 and 
a tensile strength of 130 tons per square inch. 

To obtain the precise adjustment required, a high 
order of finish of the mating threads is necessary, and 
they are therefore formed in internal and external 
grinding machines; British Standard Fine Threads are 
used. It will be evident from Fig. 1 that there will 
be a considerable axial thrust on the spacers and 
this thrust is taken up by tightening of the whole 
assembly of cutters and spacers by the usual nut at 
the end of the arbor. Provided that the spacer thread 
is as strong as the arbor thread, there is no 
danger of the former failing. It is of interest to note 
the way in which the manufacturers design the spacers 
with regard to thread strength. Taking the case of 
a standard milling-machine arbor of 1 in. diameter 
with the end screwed { in., British Standard Whitworth 
thread, and made of 55-ton nickel-chrome steel, the 
minor diameter would be 0-7586 in. The resistance of 
this core in tension works out to 55,686 lb. This assumes 








that the screw will rupture across the core before the 
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threads are sheared off. The resistance of the threads 
to shear depends upon the point at which shear 
would be likely to take place, which may be taken 
at the line B across the base of the thread in Fig. 2. 
To establish the length of line B, it will be evident 
that A = Rsin 62-5 deg., so that B = P — 2R sin 
62-5 deg. The dimension C will also be required, this 
being equal to R — R cos 62-5 deg. The radius R, for 
the standard Whitworth screw, is 0-13733 P, while 
cos 62-5 deg. = 0-4617 and sin 62-5 deg. = 0-8870. 
In the formula given below D = minor diameter and 
f = tensile strength of the material in lb. per square inch. 

The spacer for the arbor considered above would be 
# in. wide by 1 in. bore, major diameter 1-3125 in., 
minor diameter 1-28 in., 40 threads per inch, that is, 
0-025 in. pitch. The maximum tensile strength of the 
material is 130 tons (291,200 lb.) per square inch. The 
resistance to shear of a single thread = 7x f (D+2C) B. 
But, there would be at least 10 threads in engagement, 
so that the formula would be modified to suit. Substi- 
tuting actual dimensions for symbols from the data 
given above, the resistance of ten threads to shear = 
3-1416 x 291,200 x 10 (1-28 + 0-0037) (0-025 — 
(0-00686 x 0-8870) = 223,250 lb. The resistance of 
the spacer threads to shear i is thus considerably greater 
than the tensile strength of the arbor. The manu- 
facturing process provides a satisfactory fit for the 
engaging threads, but in order to cover any minute, 
and permissible, play that may be present, the high 
figure given above may be reduced by 20 per cent., 
giving a final value of 178,600 lb. Even with this 
conservative allowance the load at which failure of 
the spacer threads would occur is 3-2 times that at 
which the arbor itself would fail; not, of course, that 
there is any likelihood of either event taking place 

The makers claim that the use of the spacer not 
only saves time in the original setting up of the cutter 
gang since no shims, or other packing, are required, 
but that the maintenance setting time is also con- 
siderably reduced. Readjustment of the cutter spacing, 
using a Euco spacer, involves only the loosening of the 
arbor locknut, and the subsequent rotation of the 
spacer collars, an operation which can be carried out 
in a few seconds and without disturbing either the 
arbor support or steadies. 








THE BASIC-LINED CUPOLA.* 


In the report of the Melting Furnaces Sub-Com- 
mittee,t published in 1944, details were given of the 
use of basic linings in cupolas and the results obtained 
when using slags of higher basicity than are normally 
worked with a conventional acid lining. It was shown 
that with such slags, if conditions in the cupola were 
reducing, appreciable desulphurisation of the metal 
would be obtained during melting. With a correctly 
operated basic cupola, metal can be tapped with a 
sulphur content in the range of 0-03 per cent. to 0-05 
per cent. Details were also given of some experiments 
carried out to explore the possibilities of effecting 
dephosphorisation of metal during cupola melting. 
The main conclusions drawn from these experiments 
were that, in order to secure removal of phosphorus, 
oxidising conditions were needed in the cupola. Condi- 
tions favourable to desulphurisation were therefore not 
favourable to dephosphorisation. Silicon, when present 
in the metal to be dephosphorised, was found to inhibit 
the removal of phosphorus. 

Reference was made in the report to the work of 
Heiken, who had found abnormally high carbon con- 
tents in metal melted in basic-lined cupolas. No con- 
firmation of this effect was found in the experimental 
data examined by the sub-committee. The experi- 
mental work described was carried out in cupolas fitted 
with a continuous tapping arrangement which main- 
tained a relatively large body of slag in the well of 
the furnace. All the metal had to pass through this 
slag before leaving the cupola and no appreciable 
quantity of metal was retained in the well. It was 
pointed out that this factor may have influenced the 
results obtained. Following the presentation of this 
report, the Basic Cupola Sub-Committee was appointed 
to examine these matters further. 

In the report of the Melting Furnaces Sub-Committee, 
it was suggested that the possibility offered by the basic 
cupola of obtaining some measure of dephosphorisation 
would be of benefit in the cupola-converter process and 
would enable steel scrap of higher phosphorus content 
to be used. In the production of steel castings by this 
process no removal of phosphorus occurs and it is 
therefore essential to keep this element to a minimum 
in the cupola metal. The charges used normally consist 
of low-phosphorus pig-iron with appreciable propor- 
tions of steel scrap, and under war-time conditions 
difficulties arose in producing cupola metal of suitably 
low-phosphorus content. The majority of steel castings 
specifications call for phosphorus not exceeding 0-06 
per cent., and a means of reducing phosphorus from 
0-08 per cent. to 0-04 per cent. during cupola melting 
would be of very great benefit. It should be noted 
that although this is only a removal of 0-04 per cent. 
phosphorus, it is in this case equivalent to 50 per cent. 
of the element present. Previous work on dephos- 
phorisation in the basic cupola, discussed in the report 





* Second Report on the Basic Cupola, by Sub-Com- 
mittee T.S. 10 of the Technical Council, presented at the 
43rd annual meeting of the Institute of British Foundry- 
men, held in Birmingham from June 18 to 21, 1946. 
Abridged. 

Tt See ENGINEERING, vol. 158, pages 225, 265, and 318, 
(1944). 





of the Melting Furnaces Sub-Committee, was concerned 
with metal of appreciably higher phosphorus contents. 

Through the courtesy of Mr. P. H. Wilson, of the 
Stanton Ironworks Company, Limited, the sub-com- 
mittee have been able to examine the results of some 
experiments carried out at the Stanton Gate Foundry 
of the Ministry of Supply. The investigation was made 
under the supervision of Mr. 8. Spray, to whom the 
thanks of the sub-committee are also due. In these 
experiments a cupola melting charge of 100 per cent. 
steel scrap, for steel making by the converter process, 
was provided with a basic lining, particularly with a 
view to examining the possibilities of obtaining dephos- 
phorisation during melting. In the normal operation 
of this plant, which has been described by Fassotte,* 
a minimum of silicon is added with the cupola charges 
and the metal as tapped contains only 0-15 per cent. 
to 0-20 per cent. silicon. The phosphorus content of 
the cupola metal, using the average run of steel scrap 
available at the time of the experiments, was 0-065 
per cent. to 0-085 per cent. In view of the known 
inhibiting effect of silicon on phosphorus removal, it 
was considered that conditions in this plant were 
particularly favourable for the study of cupola dephos- 
phorisation. 

A monolithic lining of stabilised dolomite was 
installed, generally on the lines described in the report 
of the Melting Furnaces Sub-Committee. Stabilised 
dolomite cement was used as a patching material. The 
cupola was operated with intermittent tapping, the 
metal being taken in taps of 5 tons. The metal charges 
used during the melts consisted of 4,000 Ib. of steel 
scrap and 20 lb. of 75 per cent. silicon ferro-silicon. 
Coke charges were 640 lb., and in attempting to produce 
basic slags capable of removing phosphorus, various 
flux charges were used as detailed below. The cupola 
had an internal diameter of 7 ft. 6 in. and a nominal 
maximum output of 22 tons per hour from an all-steel 
charge, and was designed with a deep well to facilitate 
maximum carbon pick-up. 

A first melt on the cupola showed that a slag of 
satisfactory fluidity could be produced with a limestone 
addition of 120 lb. per ton of metal. For the next 
melt it was decided to increase the limestone to 180 Ib. 
per ton, the aim being to produce a slag of high basicity. 
This melt at first proceeded normally, but three hours 
after the blast was put on, when the slag hole was 
opened, no slag appeared. Soon after this the appear- 
ance of the metal indicated that conditions in the 
cupola had become highly oxidising and the metal 
produced was covered with a thick oxide layer in the 
ladle. An hour later when no slag had been formed 
capable of running from the furnace, the limestone 
addition of 180 lb. per ton was replaced by an addition 
of magnesian limestone (dolomite) at a rate of 120 Ib. 
per ton. In order still further to increase slag fluidity 
additions of fluorspar were made to the next six 
charges, a total of 400 lb. of this material being used. 

These alterations to the flux charges resulted in a 
return of satisfactory cupola conditions. During the 
period when conditions in the furnace were highly 
oxidising, the metal tapped was not considered suitable 
for use in the converter, and for this reason was poured 
into pigs. Three more melts were carried out using 
varying amounts of magnesian limestone and fluorspar 
in the charges. Experience showed that in the early 
stages of a melt, the temperature developed was insuf- 
ficient to fuse a very high lime addition. This is con- 
sidered to be the explanation of the trouble experienced 
on the melt described above. On these melts no unduly 
oxidising conditions were developed in the cupola 
and dephosphorisation did not take place to any 
marked degree. 

On a further melt, 120 Ib. of magnesian limestone per 
ton was used on the first six charges and at a rate of 
160 Ib. per ton on the remainder. Fluorspar was added 
at a rate of approximately 10 Ib. per ton. In an 
attempt to produce a more oxidising condition the 
blast volume was increased as high as 25 per cent. 
above normal, i.e., from 10,000 cub. ft. per minute to 
12,500 cub. ft. per minute, for the major part of the 
blow. On all these melts some measure of dephos- 
phorisation and desulphurisation was obtained. It is 
not possible to assess the amount of reduction, but 
it may be stated that the average sulphur and phos- 
phorus of the cupola metal were 0-127 per cent. and 
0-056 per cent., respectively, compared with 0-200 
per cent. and 0-070 per cent. for metal from a fire- 
brick-lined cupola using similar charges. It is also 
confirmed by the higher P,O, and sulphur contents of 
the slags from the basic cupola. It does not, however, 
appear that maximum desulphurisation was obtained 
concurrently with maximum dephosphorisation. 

For maximum dephosphorisation severely oxidising 
conditions were requi in the cupola. The data 
showed that, at one period of a melt, rather more than 
50 per cent. of the phosphorus was being removed from 
the metal during cupola melting, but under these 





* See Jl. I. & S, Inst., vol. 150, page 339 (1944), and 
ENGINEERING, Vol. 158, page 104 (1944). 
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conditions of operation, the metal produced was con- 
tinually scummed over and unsuitable for use in a 
converter. Analysis of the slags produced in the basic 
cupola revealed the presence of P,O;. The amount of 
phosphorus present in the cupola slags is considered 
sufficient to account for the whole of the phosphorus 
removed from the metal. Except when melted under 
highly oxidising conditions, the metal showed abnorm- 
ally high carbon contents. Using a normal firebrick- 
lined cupola, the 100 per cent. steel charge yields carbon 
contents of 2-9 to 3-2 per cent. With a basic lining, 
the carbon varied between 3-1 and 3-85 per cent. 

As previously stated, the cupola was operated with 
intermittent tapping and under normal conditions the 
slag is removed at regular intervals during the melt. 
With the high limestone addition needed to produce a 
basic slag it was obviously wasteful to remove the slag 
before it had been fully utilised. Attempts were there- 
fore made on some of the melts to maintain a body 
of slag in the well, but these were unsuccessful, due to 
enlargement of the tap hole, which allowed slag to be 
tapped with the metal. It is thought that the use of 
intermittent tapping which allows longer contact 
between the metal and coke in the well of the furnace 
may account for the difference in the carbon contents 
obtained on these experiments compared with those 
reported on by the Melting Furnaces Sub-Committee, in 
which a continuous tapping system was employed. 

The results of these trials suggest that a continuous 
tapping system of a type which maintains a relatively 
large body of slag in the well is to be preferred for 
maximum removal of sulphur and/or phosphorus, as 
contact between slag and metal can by this means be 
increased and more constant reaction conditions are 
obtained. 

The melts confirmed that the stabilised-dolomite 
material is satisfactory as a lining for a cupola and the 
stabilised-dolomite cement is a satisfactory patching. 
The lining material, and more especially the patching, 
were more expensive than the conventional acid 
materials. A total of 663 tons of metal was melted 
with an average consumption of refractories of 69 Ib. 
per ton of metal melted, which includes an estimate 
of the patching required to repair the lining after the 
final melt. The lining failed through flaking of the 
monolith, which first appeared after the third melt 
and grew progressively worse. It is, however, pointed 
out that the efforts made to produce oxidising conditions 
in the cupola during the experiments may have increased 
the rate of lining attack. 

The experiments described above confirm that 
some dephosphorisation can be obtained during 
melting in a basic-lined cupola. The abnormally 
high pick-up of carbon reported by Heiken is also con- 
firmed, and it was found that appreciable desulphurisa- 
tion can be obtained simultaneously with dephos- 
phorisation. With high-steel charges of the type 
used in the cupola-converter process there is no diffi- 
culty in producing conditions under which phosphorus 
may be removed, but with this type of charge there is a 
serious danger that such conditions will result in the 
production of metal unsuitable for further processing. 

It is probably quite widely known that the present 
series of investigations into the possibility of effecting 
dephosphorisation were initiated owing to the serious 
difficulties in the raw materials supply position which 
arose in 1940-41. In such emergency conditions it was 
possible to consider the operation of processes which 
in normal times would not be economic. The termina- 
tion of hostilities has, to some extent, altered the posi- 
tion, but the Sub-Committee wish to draw attention to 
the importance in the national interest of developing a 
satisfactory commercial method. They regret that the 
cupola plants in which the experimental work so far 
reported by them has been done are now no longer 
available for these purposes. It has been shown, how- 
ever, that under carefully controlled conditions, de- 
phosphorisation is practicable and the Sub-Committee 
wish to place on record their opinion that, given further 
opportunites for experiment, a commercial process 
might be developed, and that it is of vital importance 
to the industry as a whole that this work be continued. 

The present state of the Sub-Committee’s knowledge 
suggests that a manufacturing process such as they 
believe to be possible might not depend solely on 
dephosphorisation in basic-lined cupolas, and in view 
of their present lack of cupola facilities, and on account 
of certain encouraging experimental results which have 
already been obtained, they are turning their main 
attention to an examination of the possibility of desul- 
phurising and dephosphorising in basic-lined ladles. 





CLAERWEN DaM, WALES.—The Birmingham Water 
Committee have placed a contract with Messrs. Edmund 
Nuttall, Sons and Company (London), Limited, for the 
construction of the Claerwen Dam in Central Wales. 
The amount of the tender is 1,464,4087. The Ministry of 
Health have authorised an immediate commencement 
of the work. 


LABOUR NOTES. 


ADDRESSING a conference of employers and trade 
unionists at Sheffield last week, Sir Hartley Shawcross, 
the Attorney-General, said that if those who were 
considering withdrawing their services from industry 
would now come back to carry on for a year or 18 
months, it would go.far towards helping us to win 
the peace. Everything possible should be done to 
make women and other people realise that by staying 
on in industry for the present they would be performing 
a great patriotic service. There was a substantial 
number of people standing aside at the moment, living 
on gratuities or savings, waiting for something to turn 
up—an executive position, perhaps, or a shop. They 
would do well in their own interest and in the country’s 
interest to get back into industry now. 





When people grumbled, Sir Hartley continued, 
that we were exporting goods instead of providing 
them all for our own shops, they did not understand 
that the object was to ensure that as quickly as possible 
our shops were filled with the goods we needed. We 
must pay for imports, and we could pay only by 
sending our other goods in return. Imports, before the 
war, were 71,000,000/. a month, and although the rate 
was now 116,000,0001., the volume was only two-thirds 
of the pre-war volume. Our exports were now 
85,000,000. a month—a magnificent figure—and 
although double pre-war value, were less in volume. 
This year we should have to face a grave deficiency 
estimated at about 750,000,000/. To balance our trade 
at pre-war standard of living would require exports 
reaching 175 per cent. of pre-war volume. 





According to the Manchester Guardian, one of the 
proposals on the subject of working hours, discussed 
at last week’s meeting of the Amalgamated Engineering 
Union’s National Committee in Blackpool, was the 
adoption of a long-term policy “‘ whereby the working 
week would be reduced progressively by one hour per 
week per annum until a 30-hour working week is 
reached,” without loss of pay. A month’s holiday with 
pay was also suggested. In the end, the delegates 
unanimously adopted a resolution instructing the 
executive to press forward the claim for a 40-hour 
week with 12 days’ annual holiday with pay—and 
payment for all statutory holidays. 





In closing the debate, Mr. Tanner, the President, 
suggested that all sections of industry should be 
travelling at “ pretty well the same pace” towards 
the desired goal. ““I am completely convinced,” he 
went on, “that to the majority of our members the 
five-day week is probably more acceptable than the 
40-hour week and would likely be of greater advantage. 
Saturday as a holiday would appeal very much indeed, 
and I am quite sure that if we had an offer of a 45-hour 
week from the engineering employers, we would not 
turn it down.” 





The Committee discussed the details of its proposed 
new wage structure at some length, and then adopted 
a complicated resolution approving the wages settle- 
ment of April last and asking for “‘an immediate, 
substantial increase in line with the union’s policy— 
the increase to be retrospective to the date of applica- 
tion.” 





The claim of women engineers for a higher increase 
than the 4s. 6d. a week addition to their national bonus 
awarded by the employers on May 3, has been rejected 
by the National Arbitration Tribunal. The increase 
will take effect, therefore, as stated in the original 
award, as from the beginning of the pay week following 
Monday, May 6. A joint committee is to be set up 
as part of a long-term policy to investigate the structure 
of women’s wages in the engineering industry. 





Mr. Shinwell, the Minister of Fuel and Power, 
stated in the House of Commons last week, that in order 
to get coal for our expanding industrial production 
and domestic consumption over the next few years, it 
was essential that both boys and men should volun- 
tarily enter the industry, and he had been considering 
what steps could be taken to attract additional recruits. 
Action had already been taken on certain items in the 
miners’ charter. The most important of the other 
proposals was for a five-day week. While the Govern- 
ment offered no objection to the proposal in principle, 
provided there were acceptance of the conditions which 
would secure the necessary output, the working out 
of the scheme in detail, including the date of application, 
was a matter to be: undertaken within the industry. 
That would proceed as soon as the Coal Industry 
Nationalisation Bill became law and the National Coal 





Board was constituted. 














The Miners’ Charter, Mr. Shinwell continued, also 
contained proposals for an additional week’s holiday 
with pay and payment for the customary six statutory 
holidays. The Government could not support a 
proposal for an additional week’s holiday in addition 
to that for a five-day week, which, when it became 
operative, would generally represent one day off each 
week. The suggestion for six statutory holidays was 
on a different Res, provides payment for the holiday 
was made conditional on full attendance during the 
week on which the day fell. The Mining Association 
had agreed to enter into discussions with representa- 
tives of the National Union of Mineworkers through 
the established conciliation machinery with a view 
to agreement regarding the method and amount of 
such holiday payments in time for the first payment 
to be made for the Bank Holiday falling on August 5. 





Mr. Shinwell told the conference of mineworkers at 
Bridlington that he was now preparing the Bill for the 
national ownership of electricity and conducting nego- 
tiations with the gas industry with a similar object. 
“No criticigm,” he declared, “ would deflect him from 
his purpose. Subject always to the consent of a 
en House of Commons, on whose wisdom we 
re on 





A: resolution adopted by the conference asked the 
executive to prepare a memorandum providing for the 
substitution of the day-wage system of payment for 
that of piece rate; the reduction of the adult age for 
the minimum wage and cost-of-living allowance from 
21 to 18; payment at the rate of time-and-a-third for 
the night shift; an increase for lower-paid day-wage 
workers ; and an increase in the Porter weekly guaran- 
teed wage. Mr. Moffat (Scotland), who moved it, 
said that one of the main complaints of the Bevin boys 
was that they never understood what the miners’ 
wages were. The unification of the wages system was 
in the interests of every miner. The average wage a 
man-shift was now 23s. lld. ; in the districts, it varied 
from 20s. 10d. in the lowest to 28s. 10d. in the highest. 
The industry must be looked on as one unit, and there 
must be a pooling of resources. There should be a new 
basic rate on a uniform principle—not on a district, 
but on a national basis. 





The A.E.U. National Committee at Blackpoo! 
authorised the executive council to revise the organi- 
sation’s rules in such a way as would provide for the 
entry of men trained as engineers in the Services. 
Mr. Tanner expressed the opinion during the dis- 
cussion of the subject that there was a great shortage 
of skilled men in some districts and assured delegates 
that there was no danger of the industry being swamped. 





The committee rejected by a large majority a pro- 
posal that negotiations should be opened with the 
employers with the object of ending the temporary 
telaxation agreement under which dilutees entered the 
industry during the war. An amendment expressing 
the view that the time had not yet arrived for ending 
the agreement was carried. Mr. R. Oppenshaw, a 
member of the executive council, said that the resolu- 
tion could not be justified because of increased unem- 
ployment, and another view expressed during the 
discussion was that if the agreement were terminated 
the result would be chaos in the industry and the 
disintegration of the union. 





At a conference in Eastbourne last week, delegates 
of the National Federation of Building Trade Opera- 
tives adopted a resolution pressing for an incr ase of 
the guaranteed week from 32 to 44 hours, and another 
for the classing of the industry as “heavy” and 
entitled to extra rations. Mr. Tomlinson, Minister of 
Works, in the course of an address to the conference, 
stated that shortage of materials was responsible for 
the unemployment of between 17,000 and 18,000 
building trade workers. Up till the middle of May, 
318,000 building trade operatives had been released 
from the forces under Class A. 





A good deal of discussion took place at both the 
A.E.U. National Committee meeting and the annual 
conference of the National Union of Mineworkers on 
the proposal to introduce Poles, demobilised largely 
from General Anders’ army, into British industry. 
At Blackpool, the debate was initiated by Scottish 
delegates, who called for the demobilisation and 
repatriation of the Poles, and at Bridlington Mr. 
Lawther said that the matter was still under the 
consideration of the executive, who had asked the 
Minister of Fuel and Power for more information on 
the subject. 
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GENERAL VIEW OF LOCOMOTIVE. 
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SOUTHERN RAILWAY ‘*‘ MERCHANT 
NAVY ’’ CLASS LOCOMOTIVES.* 
By O. V. 8. Butter. 

WHEN the design of these engines was first taken 
in hand it was required that they should be able to 
work trains of greater weights than the maximum 
then allowed and at higher average speeds. Passenger 
trains of 550 to 600 tons had to be regarded as probable 
in the near future. Average start-to-stop speeds of 
a mile a minute on short runs, such as to Dover, and 
of 70 m.p.h. on longer runs to Exeter, etc., had to be 
provided for, with a maximum limit of 90 m.p.h. to 
95 m.p.h. Express goods trains form an ever-increasing 
proportion of the train service and the tendency is 
to run them at the same speeds as passenger trains. 
This practice improves the operation of the line by 
avoiding shunting the slower trains on to slow lines 
or loops to let the faster trains pass; and this is 
especially so on the Southern Railway with its dense 
passenger services. This results in a demand for 
mixed-traffic locomotives, or general-purpose machines. 
Provided the areas of the steam pipes and ports and 
the volume of the steam chests are Rx ote the cylinders 
can be fed properly with steam with a minimum drop 
of pressure during admission, locomotives can do 

useful work at piston speeds as high as 2,000 ft. per 
minute. A locomotive with a 6 ft. 2 in. wheel, there- 
fore, will be able to operate trains at the highest speeds 
likely to be required in ordinary service. 

Experience shows that to work heavy trains at high 


* Paper read before the Institution of Mechanical 
Engineers under the title ‘‘ Some Notes on the ‘ Merchant 
Navy ” Class Locomotives of the Southern Railway,” on 
Friday, December 14, 1945. Abridged. 








i 
Total Weight of Engine and Tender in Working Order 144—2 














‘ —— 9 
—-6.6—— >< —-6. 6* —>--6 9E- -»| 





<== 15.0-— -—-— > 
| : ; | 
mR EES 
pen ERS GARE A 
z & Zc. s < 
1440 16-9 18-8 
_— / 
yy od 


Tender Total 49-7 





‘C. 


average speeds engines should have a tractive effort 
of 35,000 Ib. to 40,000 Ib., and an adhesive weight of 
at least 63 tons, if the trains are to be accelerated 
quickly enough and are to be operated over severe 
gradients. Experience has also proved that a grate 
area approaching 50 sq. ft. is needed if sufficient water 
is to be evaporated to ensure the cylinders being 
supplied with all the steam they can use at the maxi- 
mum rates of consumption. A grate area of this size 
means a larger boiler with large firebox area and 
volume, adequate water capacity, and sufficient tubes 
to ensure that as much as possible of the heat generated 
but not absorbed in the firebox is transmitted to the 
water in the barrel before the gases reach the smoke- 
box. Such a boiler must be of considerable weight. 

The designer is severely restricted as regards the 
cross-sectional area of the locomotive by the loading 
gauge of the Southern Railway, which limits the 
height to 13 ft. 1 in., the width over cylinders to 
8 ft. 10 in., and the width over the cab at the cornice 
to 9 ft. The overall wheelbase of the engine and 
tender is limited by the available turntables, ‘which 
are 70 ft. long. The maximum weight allowed on any 
one pair of wheels is 2l.tons. The total weight of the 
engine and tender is limited by the strength of the 
bridges. The following basic data were arrived at 
and the design has been based thereon: adhesive 
weight, 63 tons; tractive effort, 37,500 lb.; driving 
wheel diameter, 6 ft. 2 in.; boiler pressure, 280 Ib. 
per square inch ; grate area, 48} sq. ft.; total weight 
of engine, 94 tons 15 cwt.; total weight ‘of engine and 
tender, 145 tons. 

The general appearance of one of the engines is 
shown in Fig. 1, and a weight diagram of the engines 
as built is given in Fig. 2. Some leading dimensions and 


ratios are as follows. There are three cylinders, each 
18 in. in diameter by 24 in. stroke. The wheel arrange- 
ment is 4-6-2. The total heating surface is 3,272-9sq. ft.. 
made up by 275 sq. ft. firebox surface, 2,175-9 sq. ft. 
tube surface, and 822 sq. ft. superheater surface. The 
grate area is 48-5 sq. ft., the area of the air passages 
through it being 24-25 sq. ft. The tractive effort at 
85 per cent. boiler pressure is 37,500 Ib., this amounting 
to 595 Ib. per ton of adhesive weight, 773 Ib. per 
square foot of grate area, and 11-5 lb. per square foot 
of combined heating surface. The boiler holds 1,960 
gallons of water at half glass. The ratios are: firebox 
heating surface + grate area = 5-67; evaporative 
heating surface + grate area = 50-5; evaporative 
heating surface + superheating surface = 2-98; total 
area through tubes + grate area = 12-6 per cent. ; 
grate area ~ ashpan opening area = 3-98; area of 
chimney at choke + area of exhaust nozzles = 18-15: 
cylinder area = port area = 6-27; cylinder area -- 
steam pipe area = 6-62; cylinder volume ~ steam 
chest volume = 1-36; engine brake force + adhesive 
weight = 91-1 per cent.; and tender brake force ~ 
tender weight (full) = 50 per cent. 

To design and build an engine of the power required 
and with adequate boiler capacity within such a 
restricted weight necessitated particular attention to 
the reduction of weight wherever possible. The 
principal innovations in British practice introduced in 
these engines are :—(1) high-pressure boiler with welded 
steel fireboxes fitted with syphons ; (2) enclosed motion 
with pump lubrication ; (3) new valve gear incorporat- 
ing piston valves operated between the heads; (4) new 
wheel centres with new tyre fastening ; (5) reciprocating 
weights not balanced. Attention is mainly directed 





to these innovations in this paper. 
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The boiler pressure. of 280 lb. per square inch 
was adopted in place of 220 lb. per square inch, the 
highest hitherto in use on the Southern Railway, to 
limit the cylinder dimensions. This pressure approaches 
the limit for simple-expansion engines. The Non- 
Ferrous Metals Research Association’s investigation 
into the corrosion of copper firebox plates and the 
wasting away of the staybolt heads showed clearly 
the unsuitability of arsenical copper for the tempera- 
ture of 390 deg. F. recorded in the ends of the stays, 
the pressure of the boiler tested being 220 lb. per 
square inch, corresponding to a steam temperature of 
395 deg. F. At such temperatures, the plate having 
expanded, does not return to its original position or 
form on cooling down. Arsenical copper would be 
less suitable for the intended pressure of 280 lb. per 
square inch with its steam temperature of 416 deg. F. 
Steel tubes have to be renewed frequently, mainly 
through pitting; they give trouble not only in the 
workshops, but also in the running sheds, as they 
require considerable attention to keep them tight in 
the firebox tubeplate. Water-softening in hard-water 
districts, water treatment in soft-water districts, 
removal of mill scale, etc., are all suggested methods 
for overcoming the trouble. The author has always 
considered the main cause to be the electrolytic action 
set up by the use of steel tubes in copper fireboxes. 
The use of steel fireboxes was, therefore considered. 
Steel fireboxes are used exclusively in the United 
States and Canada, and to an increasing extent in 
France, South Africa, and Australia. It is difficult to 
believe that the United States, a copper-producing 
country would persist in using steel if this material were 
really unsatisfactory. It is often stated that steel can 
be used for wide fireboxes but not narrow, but steel 
was used in the United States before the introduction 
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of the wide firebox. Steel fireboxes were said to be 
unsatisfactory owing to the plates cracking. Copper 
fireboxes, however, are not immune from this trouble. 
There had been no experience of steel fireboxes in 
England in recent years, and it was known that firebox 
steel plate had improved in quality. A special firebox 
plate manufactured by one steel maker is better than 
anything available previously. The analysis of this 
plate is :—carbon, 0-15 per cent. maximum ; manga- 
nese, 0-55 per cent. maximum ; phosphorus and sul- 
phur, 0-03 per cent. maximum. The mechanical 
properties are :—ultimate tensile strength, 24 tons to 
28 tons per square inch ; elongation on 8 in., 25 per 
cent. minimum. The analysis of the standard American 
firebox plates is :—carbon, 0-25 per cent. maximum ; 
manganese, 0-3 per cent. to 0-6 per cent. ; phosphorus 
and sulphur, 0-04 per cent. maximum, with similar 
mechanical properties. 

This new plate is almost free from creep and is readily 
weldable ; a completely welded firebox, both inner 
and outer, was a practical ean aa in view of the 
development of electric welding. As riveted joints 
would be suppressed, there would be no double thickness 
of metal to cause trouble through overheating and 
burning away. Moreover, shotild any cracks develop 
there would be no difficulty in cutting out the defective 
piece of plate and welding in a new piece, an operation 
that would take little time and could be done in 
position. The use of steel would effect a large reduc- 


tion in weight as compared with copper, which in the 
case under consideration would be at least 14 tons. 
The use of steel fireboxes on recent French locomotives 
with 280 Ib. per square inch pressure and over had 
been satisfactory and, in fact, the author found the 
French engineers convinced that for such pressures 
steel fireboxes must be used. 
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The successful introduction of the Nicholson thermic 
syphon, shown in Figs. 3 and 4, had provided a reliable 
means of improving the boiler circulation while, at 
the same time, giving added security against over- 
heating of the crownplate. It seemed reasonable to 
expect good results from steel fireboxes provided that 
care was taken in the design to allow for the differences 
between steel and copper, and also that all reasonable 
precautions were taken to ensure that the fireboxes 
were treated with proper care in service. It was there- 
fore decided to use steel fireboxes on these locomotives. 
The boilers of the first ten locomotives were built by 
the North British Locomotive Company and the 
author is much indebted to Mr. Lorimer and Mr. Black 
for their help in their design and manufacture. The 
subsequent ten boilers have been produced in the 
Southern Railway workshops at Eastleigh. 

The firebox design is seen in the general boiler draw- 
ing, #igs. 6 and 7, wifich drawing is for the first ten 
locomotives. All the plates of the outer firebox, 
comprising the back plate, wrapper, and throat plate, 
are welded together. The outer box is riveted to the 
Belpaire ring. The inner firebox plates, comprising 
back plate, wrapper, throat plate, and tube plate, are 
also welded together, the top flanges of the two syphons 
being welded into the roof of the firebox. The inner 
and outer fireboxes are welded together at the firehole. 
For practical reasons the inner firebox has to be 
inserted through the foundation ring opening, and the 
shape of the inner box has to be checked to ensure that 
this is possible. All holes in the pressed plates are 
drilled before the plates are assembled together. In 
the case of the wrappers, the plates are drilled on the 
flat before bending, as are the barrel plates before 
rolling, an advance in manufacturing technique that 
has speeded up production considerably. The foun- 
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dation ring is double-riveted throughout, and is welded 
from four pieces. 
The welding technique employed in the Southern 
— workshops is as follows. The foundation ring 
laced on @ jig and levelled, and the side, back, 
hom and tubeplates are bolted in position. All the 
joints between these members are single “ V” butt 
welds, with the bevelled to give an included 
| angle of 70 deg. with a a root face. Distance 
| pieces ¥,-in. thick are p! between the plate edges, 
and the plates are tacked in position. After checking 
for alignment, the assembly is placed in a manipulator, 
in order that all the — may be performed in the 
downhand position. 
plates to prevent distortion. The first runs, using 
8-gauge electrodes, are made by two welders, working 
, simultaneously on the fire side of the joints between 
the side and throat and side and back plates, respec- 
tively. These runs are then cleared of slag, chipped, 
ground, and inspected. 

The second run on each joint is made by a 6-gauge 
electrode, and these runs are dealt with in a simi 
manner. The third and final run on the fire side 
follows, using a 6-ga electrode ; this run, which 
provides a reinforcement of 10 per cent. on the plate 
thickness at the centre of the weld, is thoroughly 
cleared of slag. To complete the joint, the surface 
of the first run on the water side of the joint is chipped 
out, ground and inspected for the sealing run, which 
is made by an 8-gauge electrode. This run is also 
thoroughly cleared of slag. It should be noted that 
defects in each run are cut out before proceeding with 
the next run. The tubeplate joint is dealt with 
similarly, with the exception that one welder only is 


employed. 
Next the m bolted are fitted and tack welded, with 
stiffening bars bolted to the crown of the box to prevent 


distortion. The “ back step” method, performed. by 
two welders, is used for the syphon joint at the crown. 
Although ¥,-in. thick distance pieces were used between 
the plates, contraction between them while welding is 
sufficient to squeeze the distance pieces down to a 
thickness of }-in., the design figure. Similar methods 
are used in constructing the outer firebox. The 
electrodes used are of the solid extruded type using an 


arc voltage of 28-30, with a current of 150-160 amperes 
for an 8-gauge electrode, and 190 amperes for a 6-gauge. 
All pressings are stress-relieved before welding and all 
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welding is examined by X-ray photographs. The 
boxes are not annealed after welding. A view of the 
inner firebox is shown in Fig. 3. 

The construction of the syphons is shown in Fig. 4. 
This is the first use of such syphons in this country, 
so some details of their construction will be of interest. 
The manufacture of thermic syphons involves the use 
of press blocks specially designed for the purpose, and 
the method of flanging is adapted for cold working the 
plates, which are of special firebox quality. The 
syphon is made from a single sheet and it will be 
realised that an intricate contour has to be carefully 
developed. The operations on the plate are: (1) form- 
the flanges for attachment to the crown plate; 
(2) forming the bulges which support the brick arch ; 
(3) folding the plate; (4) forming the cylindrical neck 
which connects the syphon to the throat , and 
the back and front flanges; (5) electri welding 
the syphon on the front, back, and neck; and (6) 
fitting and riveting screwed stays in the flat sides 
of the on. On completion, the syphons are 
ydraulic pressure to 50 per cent. above 
the working pressure of the boiler. These syphons 
have been made for the Southern Railway by a manu- 
facturer, and the same strict control is exercised over 
the welding as in the case of the fireboxes. All welds 
are also examined by modern industrial X-ray appara- 
tus as in the Southern Railway shops. 

In view of the diverse opinions held in this country 
on the steel firebox, it will be of interest to record the 
troubles experienced and how they have been over- 
come, and to mention improvements which have been 
found A number of cracks have occurred in 
the throat plate under the syphon necks, and in the 
side plates and door plates. A typical group of cracks 
in the throat is shown in Fig. 8. Many of the 
cracks occur at or near the top of the fire where the heat 
can be very fierce and where scale may form and collect. 
The cracks may be due in part to these causes. The 
operation of pressing the opening in the throat plate 
for the syphon necks severely strains the plates and 
some buckling in the radius is unavoidable ; the cracks 
in the throat plate are attributed in part to this cause. 
The practice now being followed is to cut out two and 
ings in the throat sheet and weld in a 
for each of the syphon holes. This method Phould 
remove any fear of cracking through undue stressing 
of the throat sheet. The cracks are also ascribed to 








corrosion fatigue and this is no doubt a contributory 
cause. It will be considered later when dealing with 
the firebox stays. A large proportion of the cracks 
are surface cracks only. Such cracks as have occurred 
have caused no anxiety and are welded readily in situ, 
though specially trained and selected welders alone 
are allowed to do this work. These fireboxes have 
now been in service five years and no plate, or part of 
a plate, has had to be renewed. There has been no 
trouble at all with any weld in the fireboxes ; in fact, 
they have not been touched since the boilers were put 
into service. The repairs to the syphons have only 
necessitated the welding near the top flange of one small 
surface crack, the rewelding of the sealing weld at the 
neck in a few cases, and rewelding a number of cracks, 
mostly surface cracks about the necks. Except for 
recaulking the few stays loosened as a result of low 
water level referred to below, not a single stay in any 
syphon has required attention. 

There have been two instances of overheated firebox 
roof plates as the result of low water level. Fig. 5, 
opposite, is the reproduction of a photograph taken 
inside the firebox of Engine No. 21 C.4 shortly after- 
wards, this being one of the two engines concerned. 
All four fusible plugs, three across the forward end 
of the firebox and one at the centre at the back of 
the box, had operated and had called attention to 
the low water level and so prevented more serious 
damage. The following is a brief description of the 
repairs required and how effected: 150 roof stays 
leaking, these stays were recaulked ; four superheater 
flues leaking slightly, the sealing welds were cut away 
and rewelded ; two top rows in the left syphon leaking 
slightly, they were recaulked. No new stays were 
required and the repairs were done at the running shed. 
This is a severe test of both design and construction 
and there can be no doubt that the relatively slight 
damage was due to the effective action of the fusible 
plugs and to the two syphons. The syphons, in 
addition to the added protection they give by dis- 
charging water over the crown plate, reduce the area of 
plate exposed to the heat from the fire and, by being 
welded into the crown, assist the heat in the top plate 
to transmit itself through the syphons plates to the 
water therein. The results so far obtained from 
these steel fireboxes are gratifying, and justify the 
decision to introduce them. They show that the use 
of higher steam pressure can be considered on its merits 
and not be ruled out of consideration because of the 
copper firebox. 

Steel stays were used throughout. Flexible stays 
were used only round the syphon necks, the cther 
stays being direct stays. In order to keep down the 
diameter of the stays so as to make them as flexible 
as possible, they are spaced at 3} in. centres, the dia- 
meter being § in. in the body and { in. over the screwed 
ends. The water legs were widened and the increased 
length was expected to reduce breakage. The results 
as regards leakage have been extremely good and when 
the firebox is kept really clean it is practically free 
from leakage. There have been a number of broken 
stays in service, but they do not show any grooving 
due to corrosion. The average number of stays renewed 
in the first ten boilers after an average mileage of 
141,000 per engine is 97-4. In the boiler of Engine 
No. 21 C.7, the largest number of stays to be replaced 
was 123, and that after a mileage of 134,000. An 
investigation into the breakage of these stays is in 
hand. The indications are that the finish of the threads 
on the staybolt and in the hole, and the fit, play an 
important part in the breakages and also in the cracking 
of the plates. In the meantime, until the investigation 
is completed, the steel stays in the breaking zone are 
replaced as they fail by Monel-metal stays. 

Cold-drawn steel tubes to standard specifications are 
used. There are 124 ordinary tubes, 2} in. in external 
diameter by 11 8.W.G. thick, and 40 superheater tubes, 
5} in. in external diameter by ¥ in. thick. The 
superheater element tubes are 1} in. in external dia- 
meter by 9 8.W.G. thick. In the first boilers, copper 
ferrules were used between the tubes and the tube- 
plate, following standard United States practice, but 
with %-in. thick ferrules. These have now been dis- 
carded as they have been found to be unnecessary. The 
tubes are expanded into the tubeplate and beaded. A 

ing weld is made round each tube on the firebox 
tubeplate. The results obtained exceed all expectations. 
The tubes of the first ten engines were renewed after an 
average mileage of 130,000, while in the workshops for 
repairs. They were fit to run a further mileage had it 
not been thought desirable to replace them during 
general repairs so as to ensure that they would require 
no attention before the engines came in for the next 
general repair. The fastening of the tube to the —_ 
plate has justified itself, nthe tubes i 
pletely tight, again something not previously aowrt 

enced. 


In order to minimise the direct admission of cold 
air into the firebox, and protect the syphons and firebox 
plates from sudden changes of temperature, automatic 
steam-operated firedoors are fitted. The door is 
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opened by a treadle which, when depressed by the 
fireman’s foot, admits steam to the operating cylinder. 
The door remains open until the steam is cut off by 
releasing the treadle. In this way, the door can be 
opened and closed for each shovel of coal fired almost 
automatically. The arrangement was adopted from 
American ne and ‘is excellent in operation. It 
provides additional protection against any steam blow 
in the firebox. A better brick arch arrangement has 
been made possible as a result of fitting the two syphons. 
The arch is in three sections and the outer sections are 
brought much higher up the sides of the firebox than 
is possible with the ordi arch, thereby increasing 
the air space over the fire, and giving a much better 
su) to the arch. 

smokebox is fabricated, and is illustrated in 
Figs. 9 and 10, on page 23. When contrasted with the 
ordinary circular smokebox to which practice has been 
wedded, the freedom in design obtained by fabricating 
could not be more strikingly demonstrated. The layout 
of the steam pipes in the smokebox is shown in Figs. 9 
and 10, and an interesting feature is the use of corru- 
gated pipes. aie, bern built, had plain 


continued down to the steam inlets of the outer cylinders 
at the same diameter. The middle cylinder is fed by 
two 6-in. pipes branched off the outer 7-in. pipes, each 
feeding one end. The flexibility of these pipes is sur- 
prising and should ensure steamtight joints over a long 
period. Since they were fitted, no further trouble at 
the has occurred. 

The blast pipe arrangement is shown in Figs. 9 
and 10.. The exhaust steam discharges through the 
five nozzles of the blast pipe top, the nozzles being 
2§ in. diameter, and to the atmosphere through 
the single chimney which is 2 ft. 1 in. diameter at the 
choke. The total exhaust area is 27-05 sq. in. The 
nozzles discharge the exhaust steam in five cones, 
thereby increasing the area of contact between the 
steam and the combustion gases. The blower is 
placed round the nozzles, and the steam from the large 
and small ejectors discharges into the cavity, thereby 
preventing a vacuum therein, which might draw in 
char from the smokebox. 

(To be continued.) 
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Electric Power System Control. By H. P. Youna, 
M.LE.E., M.A.LE.E. Second edition. Chapman 
and Hall, Limited, 37, Essex-street, London, W.C.2. 
[Price 25s. net.] 

Ir is evidence of the value of this treatise that a second 
edition has been called for such a comparatively short 
time after the appearance of the first, which was re- 
viewed in these columns on September 10, 1943. It 
was pointed out in that notice that an electric power 
system is a physical organisation of great complexity 
and that its control as a whole is maintained by a larg 

number of distinct and independent controls, some of a 

mechanical and some of an electrical nature. It was 

also suggested that Mr. Young had exercised judicious 
selection in determining the types of control with which 
he should deal. One of these was that exercised by the 
switchgear, which probably has a better claim than 
any other to represent the principal controlling element 
in an electric-power system. The new edition contains 
added material in various sections, but it is in that 
concerned with switchgear that the main addition has 
been made, a separate chapter on the subject of air- 
blast circuit breakers having been introduced. Although 
the practice of this country lagged behind that of the 
Continent in the application of this type of apparatus, 
it has now taken an important position in British 
power-station and substation layouts and all leading 
manufacturers have developed designs. Mr. Young 
suggests that “in the larger sizes, the air blast breaker 
will oust the oil circuit-breaker from the position which 
it has held for so long.” The new chapter contains 
an extensive review of air-blast circuit breaker practice, 

British and Continental designs being dealt with in 

some detail. No American breakers are illustrated, 

but the cross-blast arc chute developed in the United 

States is described. The chapter is well illustrated by 

drawings and reproductions of photographs, and the 

axial-blast and radial-blast types are dealt with from 
both practical construction and theoretical considera- 
tions, the phenomenon of voltage oscillations receiving 
considerable attention. In view of the special nature 
of this new chapter and owing to the fact that it is largely 
concerned with matters of recent development, it 
was submitted by the author to Mr. T. W. Wilcox, 

A.M.I.E.E., before publication, Mr. Wilcox having had 

extensive experience of design and development in this 

particular field. 
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ELECTRICAL APPARATUS. 


575,856. Testing Magnetic Materials. Elliott Brothers 
(London), Limited, of Lewisham, and H. D. Hawkes, of 
New Eltham. (1 Fig.) April 17, 1944.—The apparatus 
is designed for testing magnetic materials of high perme- 
ability and low loss and at low flux densities. The sample 
to be tested is in the form of a ring 1, wound with two 
windings 2and 3. The first winding 2 is connected to an 
alternating-current supply in series with either a first 
winding 5 of a mixing transformer or a resistance 6 of 
equal value. A phase-shifting apparatus 7 is connected 
to the alternating rent supply and to three potential 
dividers 8, 9, 10. A second winding 11 of the mixing 
transformer is connected to the first potential divider 
through a condenser, so that the current is in quadrature 
with that in the potential divider 8. A third winding 
13 of the mixing transformer is connected to the second 
potential divider 9 through a resistance, so that this 
winding receives current in phase with that in the poten- 
tial divider 9. The third potential divider 10 is con- 
nected to the second winding 3 on the sample through a 
resistance 15. A search coil 16 can be connected to a 
detector 17, which alternatively can be connected across 
the resistance 15. An ammeter 18 measures the current 
flowing in the potential dividers 8, 9 and 10. The first 
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(875,056) 
winding 2 on the sample 1 is connected through its 
resistance 6 to the alternating-current supply. This 
induces an E.M.F. in the second winding. The detector 
17 is connected across the resistance 15, and the phase- 
shifting apparatus 7 and the third potential divider 10 
are then adjusted so that the E.M.F. generated in the 
winding 3 is balanced by the E.M.F. from the third 
potential divider 10. The potential divider is calibrated 
in volts for a particular current flowing through it, and 
the flux density in the sample 1 is determined from the 
voltage induced and the dimensions of the sample. The 
winding 2 on the sample is now disconnected from its 
resistance 6 and connected to the first winding 5 of the 
mixing transformer and the detector is connected to the 
search coil on the mixing transformer, the setting of the 
phase-shifting apparatus being left undisturbed. The 
first and second potential dividers 8 and 9 are then 
adjusted until the detector shows no reading. The first 
and second potential dividers 8 and 9 are calibrated to 
read directly the core loss component and the magnetising 
component of the sample. (Accepted March 7, 1946.) 


MINING. 


576,139. Stand for Power-Operated Coal - Drilling 
Machines. Siemens-Schuckert (Great Britain), Limited, 
of Brentford, and R. W. Kirkup, of Brentford. (4 Figs.) 
January 14, 1944.—The invention employs a hydraulic 
jack and is designed to represent a simple and efficient 
arrangement. A drilling machine is suspended from a 
supporting bar, which is embedded at the forward end 
in the face of the working to be drilled. At the rear 
end the supporting bar is clamped to a member 5, 
which has telescoped into it a second member 6. 
The two members 5, 6 together form the stand. The 
drilling machine is fed along the supporting bar towards 





the face as drilling progresses. The member 6 is manually 


JULY 15, 299). 


adjustable relative to the member 5, to suit the height 
of the working betweéen the roof and the floor. Between 
the bottom of the member 5 and the floor is a self- 
contained hydraulic jack 9 on a wooden block, and 
between the top of the extension 6 and the roof is a 
second wooden block. The member 6 is locked in the 
required position by one or more pegs 12. By means of 
the hydraulic jack, the head of the stand is pressed with 
considerable force against the roof of the working and 
the foot of the jack is simultaneously pressed tightly 
against the floor. During drilling, the drilling machine 




















is subject to severe vibration, which is transmitted to the 
stand and may loosen its fixing in the working, the loosen - 
ing being accelerated by a natural tendency of the surface 
layers of the floor and roof to crumble and yield under 
the heavy pressure necessary to ensure a rigid fixing of 
the stand in the working. The hydraulic jack is mechani- 
cally operated and when any drop occurs in the hydraulic 
pressure due to yielding of the roof or floor of the working, 
or to loosening from any other cause, a pump is brought 
into operation to restore the pressure. The maintenance 
of the thrust of the hydraulic jack at the necessary 
value to ensure a secure fixing of the stand in the working 


is thereby rendered automatic. (Accepted March 20, 
1946.) 
MISCELLANEOUS. 
575,241. Coke-Quenching Wagon. The Wellman 


Smith Owen Engineering Corporation, Limited, of London, 
S.W.1, and I. Kay, of London, 8.W.1. (5 Figs.) March 
10, 1944.—The coke-quenching wagon has a floor sloping 
at a considerable angle from one side to the other which 
serves to dispose quickly and effectively of the quenching 
water, to protect the wheeled undercarriage and machin- 
ery of the wagon against the quenching water, and to 
relieve the floor as much as possible of the effects of the 
heat of the coke. The wagon body tilts to discharge coke 
through side doors 6. The sloping floor of the wagon ix 
part of a double bottom, of which the lower surface 8 ix 
made of steel plates joined together to form a watertight 
plate which protects the undercarriage and machinery of 
the wagon. The upper surface 10 of the double bottom 





ic i ( c 
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is Composed of a series of parallel plates, of cast iron, of 
serrated form in cross-section, and extends the whole 
width of the wagon, so that the wagon has a series of 
channels to provide quick drainage of quenching water. 
The serrated plates are slid into position from the higher 
side of the wagon floor and adjacent edges of adjoining 
serrated plates are covered by angle-section ridge parts 
13, of cast iron. Cast iron is used for the plates and 
ridges because of its resistance to the action of quenching 
water. The under surface of the ridge parts conforms 
to the upper surface of the edges of the serrated plates. 
The serrated plates provide strength in the floor so that 
stiffeners are not required on the underside of the plates, 
and they also protect the lower surface 8 from the 
quenching water. .The spaces between the plates and 
the lower surface form channels through which air will 
flow under the action of the heat, helping to cool the 
upper surface. (Sealed) 
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SKEW BASCULE BRIDGE 


OVER THE GOWANUS CANAL, 


BROOKLYN, N.Y. 


A BASCULE bridge of novel design was built during 
the war to carry Hamilton-avenue over the Gowanus 
Canal in Brooklyn, New York. The canal is 51 ft. 
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studied and choice was finally made of the “ knee- 
girder” design worked out by Mr. Clinton D. 
Hanover, Jun., Chief of the Bureau of Bridge Design 
of the Department of Public Works of New York 
City. Apart from various advantages of this type 
of bridge, which it is the purpose of this article to 
explain, its adoption showed a saving of more than 


| 300,000 dols. over the next most favourable design. 
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wide at the crossing and intersects Hamilton-avenue 
at an angle of 56 deg. This condition required 
that the bridge should be skewed 34 deg. from the 
normal. In the course of the investigations into 
the type to be adopted, several lay-outs were 
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BRIDGE IN OPEN PosiITION. 





BRIDGE CLOSED. 


The bridge consists of two single-leaf bascules each 
carrying a single roadway for traffic in one direction. 
General views of the bridge, with both bascules 
open and closed, are given in Figs. 1 and 2, respec- 
tively, on this page, and three drawings illustrating 








its essential features are reproduced in Figs. 3 to 5, on 
page 26. These latter are based on figures appearing 
in United States Patent specification 2,337,994. 

Both in the patent specification and in the columns 
of the Engineering News-Record of June 15, 1944, 
Mr. Hanover presented some general considerations 
bearing on the design of skew bascule bridges. 
Frequently the difficulties of a skew crossing have 
been solved by employing a normal straight bascule 
bridge and making it long enough to span the channel 
without a skew at all. This necessitates a distance 
between the bascule piers sometimes more than 
twice the clear width of the channel and greatly 
increases the cost. Sometimes this procedure may 
also require the use of a double-leaf bascule, with 
two sets of operating machinery, for a width of 
crossing which could be comfortably dealt with by a 
single-leaf bascule. The problem of providing a 
movable bridge at a skew crossing has sometimes 
been solved by employing a vertical lift bridge. 
If this is of the normal straight type it must again 
be much longer than the width of channel and if a 
skew arrangement is employed the towers become 
rather complicated structures. Mr. Hanover thinks 
that, for short and medium spans, where high 
under-clearance in the open position is required, 
the lift bridge is an unsightly and uneconomic 
structure. There is no reason to suppose that this 
type was even considered for the Gowanus Canal 
crossing, but it is clear from Fig. 1 that the presence 
of the elevated-railway structure would have made 
is impossible. 

Other alternatives to a bascule bridge are swing 
spans and retractable draw spans. The former, 
if it is pivoted on a central pier, results in partial 
blocking of the channel and at a skew crossing the 
span has to be considerably longer than the width 
of the channel. In New York, there is a 250-ft. 
swing span which provides only a 40 ft. clear channel. 
Mr. Hanover does not mention swing spans pivoted 
on one bank, but this type of structure is probably 
practicable only for narrow passages. Retractable 
draw spans have the obvious disadvantage that they 
require a large area on one bank on to which they 
are drawn when the waterway is open. Unless the 
span is heavily counterweighted, the length of this 
occupied area may be twice the length of the span. 
Adequate foundations for the supporting trucks 
must be provided for the whole length over which 
the bridge moves, and both the trucks and their 
tracks require considerable maintenance. This type 
of bridge is not likely to be adopted on a valuable 
city site. 

The type of bridge which has been most frequently 
used for slight or moderate skew crossings is possibly 
a true skew bascule. The deck is in the form of 
a parallelogram and fits the channel crossing, but 
the main supporting girders are placed normal to 
the channel and not parallel to the sides of the 
| bridge. The arrangement is shown in the sketch, 
| Fig. 6, page 26, the girders being indicated by heavy 
|lines. The original crossing at Hamilton-avenue 
| consisted of a double-leaf bascule of this type. It 
| will be seen from Fig. 6 that this arrangement results 
| in the main girders being placed closer together than 
| the width of the deck, one of them intersecting at 
| the obtuse angle at the heel end of the deck and the 
other at the obtuse angle at the toe end. Two 
large triangular portions of the deck have to be 
cantilevered out from the main girder, and this tends 
to introduce flexibility in the leaf. Another dis- 
ability of this arrangement is that, as the main 
| girders have to be placed closer together than the 
width of the bridge makes desirable, the length 
available for the counterweight and operating 
machinery is reduced. The width and efficiency of 
the bracing system is also reduced. For slight 
skews these objections are of no great importance 
but in other cases they make the design impractic- 
able. In the original Hamilton-avenue bridge the 
size of the cantilevered areas of the deck was reduced 
by employing a double-leaf bascule. 

When the designs for the new bridge were con- 
sidered, the two existing types most favoured were 
a double-leaf straight bascule without skew and 
a double-leaf skew similar to the old bridge. Apart 
from the various objections to these forms which 
have already been mentioned, both required two 
sets of operating machinery and it was considered 
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Fig.4. SECTION AA (Fig.3) 





highly desirable that a single-leaf 
bridge should be employed if 
possible. It was in these circum- 
stances that Mr. Hanover produced 
his knee-girder design. Like many 
other inventions, this development 
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appears very simple once it has 
been made, but the design is clearly 
novel as it has been accepted for 























a United States patent and appli- 
cations have been filed in other 
countries. The essential feature of 
the design ts that the main girders 
are “‘ bent” at rigid knee joints at 
the channel line of the bascule. The arrange- 
ment is clearly shown in the plan, Fig. 4. A 
side view in the closed position is given in Fig. 
3, and a view looking across the canal, with 
the bascule in the open position, in Fig. 5. These 
sketches will facilitate the understanding of the 
views of the completed bridge in the open and closed 
positions given in Figs. 1 and 2, on page 25. Figs. 
9 and 10, on page 36, are, respectively, a view of the 
underside of the leaf in the open position seen from 
the roadway across the canal, and a view of the upper 
side of the leaf viewed from the roadway on the 
opposite side. 

The claims made for this design are that a clear 
span is provided equal to, but not greater than, 
the channel width; that the effective span is the 
shortest possible ; that the piers are parallel to the 
channel lines; that the main girders are parallel 
to the roadway and also at right angles to the 
channel lines, so that the line of the trunnions is 
parallel to the channel; and that the main girders 
are the maximum possible distance apart, permitting 
the lateral bracing to extend for the full width of 
the bridge and allowing the counterweight to be 
made as long as in a normal straight bascule bridge. 
The question of the distribution of stress in this 
knee-type bascule is obviously of importance. It 
may be discussed with reference to Figs. 7 and 8, 
on this page, which are based on sketches in the 
patent specification. It is clear that the centre of 
gravity of the forward arm of the leaf, indicated 
at ain Fig. 7, is laterally much nearer to the trunnion 
6 of the inner main girder c than it is to trunnion d 
of the outer main girder e. This would apparently 
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require that the centre of gravity of the counter- | in the main girders are unchanged. For the balanc- 
weight should be at f, much nearer to the inner | ing of the main girders about the axis d 6, this shift- 
than the outer trunnion. This would result in an| ing of moment requires that the centre of gravity 
extremely heavy load on the inner trunnion and | of the counterweight should be moved to the point h 





would greatly reduce the advantage of the long| 
space available for the counterweight, which is | 
claimed as one of the advantages of the design. If | 


the centre of gravity of the counterweight were 
arbitrarily placed at its natural centre, racking and 
warping of the entire span would result, with the 
introduction of torsional stresses in the main girders. 

The method by which these undesirable conditions 
have been avoided constitutes an important feature 
of the invention. It allows the use of a uniform 
counterweight, eliminates torsion and warping 
and makes the trunnion reactions nearly equal. An 
essential part of the main framing is the cross 
girder g connecting the main girders at the knee 
joints. This is of the same depth as the main 
girders at the joints and is framed into them in the 
manner of the joints in a truss. The rigid main 
frame thus formed would normally result in the 
centre of gravity of the counterweight being at f, 
but this effect is eliminated and the centre of gravity 
of the counterweight moved to h, nearly on the 
geometrical centre line, by the method adopted 
for the framing of the floorbeams. These, as shown 
in Figs. 7 and 8, are connected to the outer girder e 
at points farther from the knee joints than are the 
corresponding connections on the inner girder. 
The result of this is that the moment on the outer 
girder at the knee joint is increased and the corre- 
sponding moment at the knee joint of the inner girder 
decreased. At the same time, the shearing forces 





nearer to the outer girder. 

The effect of the arrangement may be further 
elucidated by considering the forces acting on the 
members of the structure. The cross girder g 
carries moments induced in it by the tension or 
compression forces in the flanges of the main girders 
at the knee joints. The angular relation of the 
forward and rear portions of the main girders at the 
knee joints being in the same sense and direction, 
the induced moments in the cross girder are of the 
same sign and, therefore, additive. The sum of 
these induced moments is equal to the moment of 
the forward arm about the centre line of the rear 
ar and is independent of the manner of framing 
the floor beams. In view of the position of the 
centre of gravity of the outer leaf at a, to main- 
tain equilibrium in the cross girder it is neces- 
sary that the outer girder should exert a force 
downward on one end of it and the inner girder a 
force upward at the other end. This means that 
the cross girder must exert an upward force on the 
outer girder at its knee joint and a downward force 
on the inner girder at its knee joint. The result 
of these two forces is a tendency for the inner 
trunnion to be the more heavily loaded and to bring 
the centre of gravity of the counterweight nearer to 
the inner girder. This tendency is counteracted 
by the method of framing the floorbeams farther 
from the knee joint on the outer than on the inner 
girder, with the result that the moments at the 
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ends of the cross girder are altered, so that, to balance 
each of the main girders about its trunnion, the 
centre of gravity of the counterweight must be 
located nearer to its geometrical centre. 

The actual arrangement of the floorbeams which 
has been adopted is a practical compromise. The 
centre of gravity of the counterweight is slightly off 
its geometrical centre, being a little nearer to the 
inner than the outer girder, so that the counter- 
weight is a little heavier towards the inner girder. 
This effect, however, is not sufficiently marked to 
prevent the use of a practically uniform counter- 
weight made of ordinary concrete and the full 
length of the width of the bridge. In some bridges 
with short counterweights, more expensive material 
has had to be used in the construction of the counter- 
weight. In the Hamilton-avenue bridge, the loads 
on the trunnions are also not quite the same. Both 
this feature and the slightly irregular counterweight 
could have been eliminated by slightly inclining the 
floor beams, and moving their ends still farther 
outwards on the outer main girder. This procedure, 
however, would have greatly complicated the con- 
structional details. As it is, all floorbeam connec- 
tions to the main girders are at right angles. The 
framing of the knee joints is on the lines of the 
framing of the joints of a truss, but all other connec- 
tions of girders, cross beam, floorbeams and counter- 
weight frames are simple shear connections. The 
sidewalk, the upper surface of which can be seen 
in Fig. 10 and the underside in Fig. 9, is carried on 
brackets. The two single-leaf bridges are each 
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purely factual matter of their book, the authors 
have enjoyed the co-operation of all the research 
associations and establishments concerned, so that 
the accuracy of technical descriptions and statistics 
is assured. Without the critical presentation of 
the authors, however, it would be possible to draw 
misleading inferences regarding the adequacy of 
the various types of research now in progress to meet 
the present and future needs of particular industries. 
Wide knowledge, both of what research has achieved 
during the past 30 years and of the standing of 
industrial research at home relative to that abroad, 
is needed to appraise the present post-war position 
fairly, without exaggeration or complacency. The 
authors’ opinions on these and other controversial 
aspects of their subject are advanced judiciously 
on the basis of experience as well as knowledge. 
The result is a stimulating, informative and thor- 
oughly readable book that will benefit both industry 
and research. 





The Gyroscope and Its Applications. Edited by M. 
Davipson, D.Sc., F.R.A.S. Hutchinson and Company 
(Publishers), Limited, 47, Princes Gate, London, 8.W.7. 
[Price 21s. net.] 

ALTHOUGH general interest in the gyroscope dates 

from Foucault’s experiments in 1852, its utility 

was not fully realised till the closing years of the 
century, when G. M. Hopkins introduced the 
electrically-driven rotor. Of the more important 
applications, the earliest is the marine gyro- 
compass, and later ones include the gyro-pilot, 





operated by independent electric drives with petrol- 
engine stand-by arrangements. 
| 
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Industrial Research and Development. 
HEATH and A. L. HETHERINGTON. Faber and Faber, | 
Limited, 24, Russell-square, London. ([Price, 25s. net.) 

Boru of the authors of this book have been inti- 
mately associated for a number of years with the 
administration and co-ordination of industrial 
scientific research in this country. Sir Frank Heath 
was the first secretary of the Department of Scientific 
and Industrial Research, upon its foundation in 1916, | 
and Mr. Hetherington, on behalf of that Department, 
administered the grants made to research associa- 
tions and served on their governing bodies. The 
authors are exceptionally qualified, therefore, to 
survey the growth of technical industry in Britain, to 
trace the influence of scientific discoveries upon the 
progress of production in respect both of quantity 
and quality, and to portray with mature judgment 
the present interdependence of industry and 
research. Their avowed objective has been mainly 
to draw a readable verbal picture of this relationship 
for the benefit of the non-expert layman or technical 
business man, pointing out the influence that 
scientific discovery has had in establishing modern 
conditions of living, and paying regard to the part 
played by British inventiveness and the organisation 
of purposeful research, in promoting the material 
benefits of our present civilisation. Not unexpec- 
tedly, of course, they have been impelled to combine 
criticism with mere information, and to flavour fact 
with well-balanced opinion, all of which add to the 
value as well as to the interest of the book. 

Such personal views are subordinate to an orderly 
arrangement of the subject matter that serious 
readers will find no less helpful than attractive. 
First, the productive industries are briefly considered 
from the standpoints of historical development, 
present position, and relation to research. The 
scope and organisation of the research activities of 
commercial bodies and Government establishments 
are then described in sufficient detail to exemplify 
their service, through industry, to the community 
and the types of problem recently under investi- 
gation. An appreciation of the work done by the 
universities and fostered by scientific societies 
completes the main picture, but is usefully supple- 
mented by a discussion of certain general factors 
bearing on industrial progress, and by a number of 
appendices, among which a short article on quality 
control and a variety of information about research 
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associations are noteworthy. In compiling the 


gyro-recorders for course, pitch and roll of ships, 
and similar instruments for use on aircraft.’ The 
control of torpedoes and long-range missiles are 
other examples in which the essential mechanism 
is small in comparison with that incorporated 
into the gyro-stabiliser for large ships. The design 
of small gyroscopes is characterised by high speeds 
of rotation, sometimes exceeding 20,000 revolutions 
a minute, and workmanship of the highest order. 
Thus a full study of the subject touches many 
aspects of engineering, from the arrangement of 
complicated electrical follow-up systems to the 
manufacture of rotors for the gyroscope proper. 
The applications are therefore numerous and 
varied, as is to be gathered from the three main 
sections into which the book under review is divided, 
namely: General Theory, by Dr. Davidson ; 
Marine Applications, by G. C. Saul, A.I.N.A., 
F.R.A.S.; Aeronautical Applications, by J. A. 
Wells, A.F.R.Ae.S., and A. P. Glenny, B.Sc. The 
information given is interesting, and of real value 
to readers already acquainted with the gyroscope 
and its various applications, but for beginners the 
treatment leaves something to be desired in certain 
particulars. This adverse comment applies more 
especially to the section on the general theory, in 
the preparation of which more attention might have 
been given to order of presentation, clarity of 
expression, and the elimination of small errors 
that are not included in the errata slip supplied 
with the book. In his description of marine 
applications of the gyroscope to various makes 
of compass, ship stabilisers, and to the control of 
torpedoes, Mr. Saul has devoted too much space 
to the consideration of mechanical details and elec- 
trical follow-up systems, and too little to an 
exposition of general principles that can be read 
with advantage by students. Further, some of 
his photographic reproductions are too small to 
serve any useful purpose in a work of this kind. 
The third section, on aeronautical applications, 
including the control of the V.1 flying bomb, is, 
perhaps, the most instructive, as the authors deal 
with quite recent developments in this field, but 
the technical value of this section also would have 
been enhanced by the inclusion of more explanatory 
diagrams. This is a matter for consideration in 
the preparation of a second edition, which no doubt 
will be called for in due course, as there is room 
on the shelves of serious students for a book on 
gyroscopic theory applied to the several instru- 
ments and devices mentioned in the present work. 





RECOLLECTIONS OF EARLY 
NAVAL FLYING. 


By Squapron-LeapDerR F. J. RuTLanp, 
DS.O. 


(Continued from page 18.) 


THE fleet showed a lack of interest in seaplanes, 
and a great deal of propaganda work was carried 
out to endeavour to obtain permission to take 
part in fleet exercises. The unreliability of sea- 
planes, and particularly of their wireless, was a 
contributory cause of this lack of interest, but it 
does not fully explain it. The Campania had been at 
Scapa acting as a floating seaplane base since April, 
1915, and at the latter end of 1915 went into dock- 
yard hands for alterations. Her forward funnel 
was divided into two to enable seaplanes to be 
taken from the after hold to the flying deck, and her 
complement of aircraft was increased. She carried 
about 12 seaplanes of the two-seater reconnaissance 
type, and about six Baby Sopwith seaplanes. She 
was a well-equipped ship, had excellent workshop 
facilities, and lacked only one essential, speed ; 
she could attain 15 knots only after a good deal of 
working up. She had a fine flying-off deck, from 
which she could fly her seaplanes under almost any 
conditions. 

When she returned to Scapa in April, 1916, she 
took on the new 225-h.p. Sunbeam Short and 
110-h.p. Clerget Baby Sopwiths, and at the same 
time she received the new wireless transmitters and 
receivers in which the Fleming valve was incor- 
porated. She had behind her a great deal of 
successful experimental work in flying off the early 
Shorts, and immediately put in a great deal more 
with the new type. These got off at about 42 knots 
and had a top speed of 65 knots with four hours’ 
range. The observer’s seat was fitted with a Scarpe 
rifle mounting, enabling the rifle to be trained 
through a full 360 deg. Fitted with wireless trans- 
mitter and receivers of the valve type, and with bomb 
racks to carry two 100-lb. bombs, the Campania was 
accepted as a unit of the Grand Fleet, and in a 
small way was permitted to take part in fleet 
exercises, but it was quite clear, as will be seen later, 
that she did not form an integral part of the fleet. 
The Engadine, at Rosyth, was also equipped with 
Short 225-h.p. seaplanes, and was included as 
a unit in the Battle Cruiser Force.* 

It was not, however, until May 25, 1916, that a 
*plane was permitted to fly in the weekly fleet wire- 
less telegraphy exercises. On that day it was 
blowing half a gale and raining heavily, visibility 
being less than a mile. In spite of this, the occasion 
was so important that I decided to take one machine 
out, and to send Flight Sub-Lieut. G. E. Livock 
with the second. Unfortunately, my engine could 
not be started as the magneto had failed, and only 
Livock went away, with Lieut. F. H. Schwann, 
R.N.V.R., as observer. Unfortunately, again the 
*plane crashed, and that settled the matter. Jutland 
came along, and until that day no seaplane from the 
Engadine had taken part in any fleet exercise. 

At the end of April, it was decided to make yet 
one more attempt to destroy the enemy Zeppelin 
sheds at Tondern. The Vindex joined the Engadine 
at Rosyth, and both ships embarked Baby Sopwiths, 
each fitted with two bomb racks under the fuselage, 
from which were suspended two 65-Ib. bombs. On 
May 4, at dawn the carriers arrived off the Horns 
Reef. It was a perfect day, with a flat sea and 
a light wind; nothing could have been better. 
The seaplane engines were first run and then 
the machines were hoisted over the side. My 
engine would not start, so I had the seaplane hoisted 
out on to the water to be out of the way of the 
others, and continued attempts to start, using the 
starting handle provided. I failed, and the magneto 
was afterwards found to be useless. I believe that 
eleven seaplanes altogether were hoisted out. At 
first, as I have said, the sea was perfect, but before 
many minutes had passed it was most turbulent ; 
again the destroyers were doing their deadly work. 











Coat Exports.—It was announced in Parliament, 
on July 2, that the total quantity of coal exported as 
cargoes during the six months ended May 31 was 2-6 
million tons. 


* Tilustrations of the Campania, after conversion to a 
seaplane carrier, and of the Engadine, appeared in 
vol. 156 of ENGINEERING, in the issue of July 2, 1943.— 
En.. E. 
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Two pilots got into the air. One reached his objec- 
tive, but could not find the sheds, as the coast and 
some miles inland was covered in fog. The other 
pilot, Flight Commander O. N. Walmsley, flew into 
the mast of the destroyer Goshawk and was Bever 
seen again; his machine was completely shattered. 
The others had an assortment of broken propellers, 
floats and struts. It was an utter fiasco. A few 
days after our return to harbour, an inquiry was 
ordered to find out why these attempts were so 
unsuccessful, and to see if some improvement could 
be effected. Captain C. F. Sowerby, of the ill-fated 
Indefatigable, presided. The only information the 
pilots could give was that it was too rough. I spent 
some hours with the committee and pointed out 
the fact that we could not have both a successful 
raid and destroyer protection. I then asked them 
to recommend that suitable ships should be provided 
without unnecessary delay to carry aeroplanes. I 
was asked to forward a report to the Court of Inquiry 
giving my proposals, which I did, and this is briefly 
what they were. 

I submitted that carriers should be constructed 
with a speed approximately five knots faster thar 
battle-cruiser fleet speed, that is, 30 knots, and that 
they should be not less than 600 ft. long and 70 ft. 
beam, with the deck flush fore and aft. If guns 
could not be carried without interfering with flying, 
they should be omitted, leaving the ship to rely 
upon outside protection; everything was to be 
subordinated to the carrying of aircraft. Aeroplanes 
should be carried in place of seaplanes, as they were 
more reliable, and permitted the use of the latest 
types of aircraft used in France. I also pointed 
out that enemy aircraft would have no difficulty 
in shooting down seaplanes. This report, I know, 
was forwarded to the Admiralty; it was shown 
to me in 1922, when plans for the conversion 
of the Furious to a flush-deck carrier were being 
prepared. No action appears to have been taken 
upon it until two more years of experience had 
shown that I had forecast the modern carrier. 

On May 30, 1916, the fleet went to sea on one of 
its periodical sweeps of the North Sea. Our “ intelli- 
gence” discovered that some movement of the 
German High Seas fleet was projected, though it 
was not clear whether it involved the whole of the 
fleet, or merely a hit and run raid on our coast. 
The battle-cruisers had a rendezvous with the 
Grand Fleet at a position east of the ‘‘ Long Forties,” 
whence it was proposed to sweep down the North 
Sea in the hope of meeting the enemy. The Enga- 
dine accompanied the battle cruisers. The Grand 
Fleet, when leaving Scapa, left the Campania behind. 
This was an error, due to the fact that she had not 

. received the signal to weigh, being at anchor in a 
position out of visual touch with the fleet. When 
the Grand Fleet proceeded to sea they came in view 
of this anchorage, and upon the fleet movement 
being reported to Captain Oliver Schwann of the 
Campania, he at once asked permission to proceed 
to sea. This was granted, and the necessary de- 
stroyer protection was provided. 

Later, however, because of the great distance that 
she was astern of the fleet, Jellicoe ordered her 
return to harbour. There was a number of reasons 
why this order was given, the principal one being 
the anxiety ever present in the Commander-in- 
Chief’s mind at having such a large ship relatively 
unprotected from surface craft, so far removed from 
his Battle Fleet, and hourly getting farther astern ; 
for the fleet was advancing at 18 knots and the 
Campania, already a hundred miles astern, was 
losing three miles at least every hour. Nevertheless, 
this risk was justifiable because her seaplanes, flown 
from her decks, would take little time to close this 
difference between them and the Grand Fleet. 
Jellicoe, in his demands for kite balloons, was fully 
alive to the advantage of increased spotting facili- 
ties and early reconnaissance reports, but there is 
not the slightest doubt that he had little faith in 
the use of aircraft. In June of the previous year 
he sent a memorandum to the Admiralty laying 
down his opinion of the functions of aircraft. It 
will be noted that their use as an integral part of 
the fleet was not included. They were: (1) observa- 
tion duties from the coast generally and from naval 


defence of all naval centres, such as dockyards, 
magazines, etc., since the Army, which should carry 
out this work, had handed it over to the Navy; 
and (4) scouting for enemy submarines and enemy 
minelayers, which properly comes under the heading 
of reconnaissance work. 

It is doubtful whether the Campania’s seaplanes 
would have been of use in the latter part of the 
daylight action on May 31. They would, of neces- 
sity, have started their flight far astern of the 
battle fleet, and, with the bad compasses fitted and 
the low visibility prevailing, they would have had 
great difficulty in spotting the enemy and in report- 
ing their position in relation to the Grand Fleet. 
Nevertheless, had she been able to get her aircraft 
there and to sight the enemy (which, at the time the 
Grand Fleet came up with them, formed a block in 
close formation), Jellicoe would have had no need 
to hesitate about when to deploy, and in what 
direction. This has been dealt with at some length 
here, merely to emphasise the Navy’s lack of 
interest in aircraft at that time. The Engadine 
was a little more fortunate, in that her efforts were 
more favourably received ; but even then she was 
merely in the position of being given some rope, 
with the idea that ‘‘if you can help us, it’s all to 
the good.” 

While the battle cruisers were on their way to 
the rendezvous, smoke was sighted to the north- 
westward, and this proved to come from an enemy 
destroyer which had stopped a neutral merchant 
ship to search her. The Engadine was ordered to 
send up a seaplane to reconnoitre. I was hoisted 
out in a Short seaplane, with Assistant Paymaster 
G. S. Trewin, who had trained as an observer in 
addition to his regular duties. We got off without 
difficulty and were soon sending back, by wireless, 
messages reporting the enemy ships and their move- 
ments. These were transmitted to the Engadine, 
to be passed on to the flagship Lion by searchlight ; 
but the Lion, due probably to overcrowding of 
signals, would not answer the call sign, so the 
important information that the Engadine was receiv- 
ing could not be forwarded. However, a light cruiser 
had picked up all our messages and sent them by 
wireless to the Lion, so it might not have mattered ; 
but later I fractured a petrol pipe and landed to 
repair it. We had special tubing for these repairs ; 
they occurred so frequently. The Engadine came 
up and I was ordered to hoist in. 

I reported the repairs executed and asked per- 
mission to proceed, but was again ordered to come 
alongside and hoist in. The captain had decided to 
have the machine on board until such time as the 
position cleared and contact with the Lion had been 
established by signal. Alas, the sea got up and it 
was soon too rough to attempt to get off even if we 
were wanted, but we were entirely ignored for the 
rest of that day, though from the beginning of the 
action at about 4 p.m., until the battleships made 
contact at about 6.30 p.m., we never lost sight of the 
Lion and her squadron of battle cruisers and the 
Queen Elizabeth class of battleships. Contrary to 
the general belief, no enemy Zeppelins took part in 
Jutland, the weather being unsuitable for them; 
but they did useful work on the morning after the 
battle. 

We saw the Queen Mary blow up, though we were 
too far away at the time to appreciate the enormity 
of the disaster. Later, we also saw the enormous 
flash and column of smoke when the Lion’s centre 
turret was hit, and we thought she had.gone. We 
were destined to be of some assistance, however, for 
we met the Warrior as she steamed, badly crippled, 
towards us. With her flagship Defence, she had 
come out of the mist to within 5,000 yards of the 
German battle cruisers, and almost shared the fate 
of the Defence, which was practically blown out 
of the water. We towed her all night, and next 
morning took off her officers and ship’s company of 
nearly a thousand before she sank. We had 
achieved the honour of being the first carrier to be 
engaged in a fleet action and the first aircraft of 
any type to be used in a fleet action. The seaplane 
(or rather, the remains of it, for it was badly 
damaged by a bomb in the recent war) is now in 
the Imperial War Museum. 





bases in particular; (2) the attack of enemy air- 
craft wherever they might be met; (3) aerial 


This very small contribution made by the Enga- 
dine at Jutland did much to stimulate interest in 


aircraft co-operation with the fleet, and, from that 
time on, every encouragement was given to enable 
them to take part in fleet exercises, and in spotting 
for ships at firing exercises. It may be difficult to 
believe that gunnery officers, who were usually the 
spotting officers in the control top, were loth to 
believe that this job could be done better from air- 
craft; of course, behind this feeling was their desire 
to be self-contained, and the fear that they would 
always doubt the accuracy of messages received. 
It must also be remembered that the ship was limited 
in its ability to receive wireless signals; probably 
only two positions could receive, and there was ample 
reason to believe that there would be delay in 
receiving the aeroplanes’ reports at the requisite 
position in the ship. We were looking forward to 
the completion of the Manxman, of which we 
expected great things, but she did not become 
available until December. Before describing her, 
however, I will relate an operation which showed the 
futility of trying to get seaplanes off the water at 
sea; in fact, it was the last time, so far as my 
knowledge goes, that this was attempted. 

It is generally believed that the German fleet did 
not put to sea again after Jutland ; this is incorrect, 
though it is true that they did not risk another 
engagement. On August 18, the enemy, having 
withdrawn their submarines from the Atlantic, had 
worked out a plan hoping to isolate and bring to 
action small portions of our fleet. They selected a 
period when the weather promised to be suitable for 
Zeppelin reconnaisance, and threw out three lines 
of submarines across the course which our ships 
would be expected to follow. As a result of this, 
the light cruisers Falmouth and Nottingham 
were sunk, while (due, ironically, to a false report 
from one of their Zeppelins) the main enemy fleet 
changed their course to engage the ships reported, 
and in doing so, avoided our main battle force, 
steaming south to engage them. 

It is clear that, on this occasion, the Zeppelins 
were in wireless communication with their sub- 
marines. At 5.0 in the evening of August 19— 
about the time the Nottingham was struck by a 
torpedo—there were several Zeppelins in sight of 
the Engadine, whose position at that time was 
close to the Nottingham. One Zeppelin in parti- 
cular came very close, and “zoomed” from 
approximately 1,000 ft. down to 300 ft. and up 
again, so near and so low that ships opened fire on 
her with their light armament. 

The sea was much too rough to get a seaplane off, 
though the Engadine had two Baby Sopwiths on 
board. After watching this particular Zeppelin 
for some time, I could stand it no longer and decided 
to hoist out a machine and risk breaking it up. 
I did so, and left instructions for the next senior 
pilot to take the second one out if he felt confident. 
I got my engine started, but as I opened the throttle 
the machine went right through a sea, breaking 
the propeller off at the boss. One part went about 
100 ft. in the air and when it came down it narrowly 
missed me. Two chassis struts were broken and 
one landing wire. I was close to the ship, and a 
heaving line was thrown to me, when I hauled 
alongside and was hoisted in. It was then found 
that.one float was damaged beyond repair. The 
other seaplane was still in the hangar, but the 
Zeppelin was still there, so I decided to make another 
attempt, taking advantage of a lee made by the ship. 
I fared no better, for the propeller and floats were 
both badly damaged and the seaplane sank. The 

in must have seen this second attempt, for 

she made off and was not seen again. They were 

far too vulnerable to risk an attack by an aeroplane. 

In reporting this flight, I pressed again for the 

provision of a carrier capable of carrying aeroplanes. 
(Z'o be continued.) 





War WORK OF MEssrs. SULZER BROTHERS.—A record of 
the war work of Messrs. Sulzer Brothers (London), Limited, 
31, Bedford-square, London, W.C.1, has been received. 
The brochure, which is fully illustrated, describes, in 
addition to the standard products,a number of diverse new 
manufactures undertaken by the firm. These comprised 
machine tools, in collaboration with well-known makers, 
Bailey bridges, “‘ V ” trestle bridges, radio and military 
observation towers, fire pumps, equipment for “ Fido ”’ 
installations, oil pipelines, some 73 miles of steam 





pipes, and 300 electrically-driven portable forges. 
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JULY 12, 1940, 


NOTES FROM SOUTH AMERICA. 


A new epoch in Anglo-Argentine relations may 
result from the visit of the two British Missions to 
Argentina, as, presumably, their work will be inte- 
yrated in order to establish a lasting basis for com- 
mercial relations between the two countries. One 
Mission is being led by Sir Wilfrid Eady, of H.M. 
Treasury, accompanied by other leading Government 
and Bank of England officials, as well as Argentine 
railway authorities. This Mission will undoubtedl 
deal mainly with the future of the British-owned rai 
ways in Argentina, any decision in respect of which 
may be expected to serve as a criterion for the treat- 
ment of other British capital invested in public utilities 
in the republic. There is widespread market opinion 
that the upshot may be the sale of the railways and 
similar investments to the Argentine authorities, in 
relation to Argentina’s large blocked sterling balances 
in London which now amount to approximately 
150,000,000/. A separate Board of Trade Mission, 
headed by Sir P. Liesching, will discuss general trade 
questions in view of the expiry of the present Anglo- 
\rgentine trade agreement in August next. 

Britain has always held three outstanding advantages 
in the Argentine market. First, as the majority of 
public utilities in Argentina are British-owned, orders 
for machinery, transport equipment, etc., have been 
given preferentially to Britain, although this factor 
might be largely negatived if the present discussions 
lead to the outright purchase of the British-owned 
railways by the Argentine authorities. Secondly, 
British products and methods of business, when condi- 
tions are approximately equal, are preferred to those of 
other countries. Thirdly, Britain enjoys more goodwill 
in Argentina than any other first-class Power. The 
new Argentine Government was returned with such 
an overwhelming majority at the recent elections as 
to be in an unassailable position to carry out their 
programme of planned economy, and it is encouraging, 
therefore, that President Perén, who is known to be 
well disposed towards Britain, personally inaugurated 
the discussions with this country so swiftly after the 
elections. Trade between Britain and Argentina has 
always been uniquely reciprocal, based upon the 
exchange of farming products for British machinery 
and other manufactures. Once the question of Argen- 
tina’s enormous blocked sterling balances is solved— 
as it probably will be in the present negotiations— 
there appears no good reason why this reciprocal trade 
interchange should not be restored. Normally, Britain 
is Argentina’s largest market for meat and cereals, 
while Argentina is a strong sellers’ market, with an 
urgent and almost unlimited demand at present for 
machinery, motor vehicles, locomotives and 
stock. Therefore, mutual trade could easily be equili- 
brated, so that the success of the present Missions seems 
reasonably assured, especially in view of their expert 
and comprehensive character. 

Confirming the view that the new regime.in Argentina 
will give preference to imports of engineering and 
transport equipment, President Perén emphasised in 
his inaugural message to Congress that his plans would 
be devoted principally to the development of Argen- 
tina’s national manufacturing industries and hydraulic 
potentialities, as well as the improvement of communi- 
cations and transport. Moreover, the Central Bank of 
Argentina—which has now been given entire control 
of the disposal of foreign exchange—has indicated that 
preference will be given to imports of new machinery 
and transport material. 

A ten-year commercial aviation agreement has been 
signed between Britain and Argentina covering sche- 
dules, routes, tariffs, etc. Public tenders for the con- 
struction of the new Buenos Aires airport at Ezeiza 
turned out to be appreciably higher than the official 
estimates. Thus, for the construction of the buildings, 
ete., which the Government had estimated at 11,206,000, 
pesos, two tenders were received for 13,415,000 pesos 
(subject to modification) and 12,999,000 pesos, respec 
tively. For the construction of the international 
runway the Government estimate was 7,012,000 pesos, 
and four tenders were received for 9,643,000 pesos, 
9,245,000 pesos, 9,073,000 pesos and 8,554,000 pesos, 
respectively. The Government estimate for the con- 
struction of the national runway was 3,709,000 pesos, 
whereas three tenders were received—for 5,223,000 
pesos, 5,044,000 pesos and 4,785,000 pesos. For the 
construction of the parking area (Government estimate, 
13,292,000 pesos), three tenders were received, for 
18,343,000 pesos, 18,812,000 pesos and 17,884,000 
pesos. These tenders will be studied by technical 
committees and a decision announced in due course. 

Brazil has adopted a costly five-year plan of trans- 
port and hydro-electric production, and the Minister 
of Transport is visiting the United States to study the 
types and quantities of material available, and to 
arrange the relevant credits. Brazil’s requirements of 
railway equipment are estimated at a minimum of 
500 new locomotives, as well as cars, rails, wheels and 
other parts to the value of over 6,000,000/. The 
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Mogyana Railway alone intends to spend approxi- 
imately 3,375,0001.. over the next eight years on loco. 
motives, passenger and freight cars, heavy rails, and 
telephone and electrical equipment, ae the Soroca- 
bana Railway’s post-war rovides, inter 
alia, for the construction of a new 78m line between 
Séo Paulo and Mayrink-Juquia. The municipalities 
of both Rio de Janeiro and Sio Paulo have drawn up 
tentative plans for the co-ordination of tramway and 
omnibus services. The Brazilian import authorities 
have fixed maximum internal prices for the sale of 





-| imported motor-cars, refrigerators, radio sets, washing 


machines, etc. 

A feature of Brazil’s latest trade returns is the 
increase in imports of engineering and transport items 
from certain pre-war European supplying countries, 
such as France, Belgium and Sweden, a trade which 
will be facilitated by special payments agreements just 
concluded with France and Belgium. A recent Brazilian 
decree authorised a credit equal to about 100,000/. in 
favour of the Minister of Agriculture, to pay for imports 
of agricultural machinery from the United States. The 
Frabrica Nacional de Motores has just completed the 
first three all-Brazilian aeroplane engines, and another 
six will be completed shortly. It is believed that a 
total of 50 engines will be delivered within the next 
few months. The company are concentrating at present 
on the manufacture of 450-h.p. engines, which are 
capable of meeting Brazil’s immediate requirements ; 
later, engines of larger capacity will be produced. 
The engines, which are of the Wright type, are said 
to be entirely Brazilian-made, and it is believed that, 
when the Volta Redonda plant is operating at full 
capacity, even the necessary steel, now imported from 
the United States, will be supplied from domestic 
sources, 

The President of the Textile Executive Committee 
in Brazil recently expressed himself as opposed to the 
import of used or reconditioned textile machinery, as 
the use of such machinery would prevent the Brazilian 
cotton industry from competing in foreign markets 
with cotton goods produced by other countries, and 
would not make it possible to improve the working 
conditions of Brazi operatives. Moreover, the 
output of such ae was usually of lower quality 
and higher cost than that of new machinery. The 
same official declared that the cotton mills had already 
taken steps to purchase new machinery, in which 
connection orders representing a total value of some 
20,000,0001. sterling had been placed in Great Britain 
and the United States. The importance of Brazil’s 
cotton textile industry is shown by the facts that the 
total number of factories in 1944 was 412 (of which 
215 were in the Sao Paulo area) and the number of 
operators was 254,000. Looms totalled 97,000 and 
spindles 3,000,000, while the capital invested was the 
equivalent of about 30,000,0001. sterling. 

The demand for oil-drillng machinery and equip- 
ment in Latin America appears limitless. In addition 
to important oil strikes in Southern Chile and Peru, 
Bolivia is planning to build a 2,500,0001. oil pipeline 
as a first step in a sweeping programme of economic 
reconstruction. The laying of this pipeline, according 
to reports, is intimately linked with plans for the 
development of the oil industry, including the explora- 
tion of new reserves and the construction of a 
pipeline into Paraguay, together with the building of 
railways linking both Argentina and Brazil with Santa 
Cruz de la Sierra, the main centre of communications 
and population of the eastern lowlands. The report 
adds that the Bolivian Government also intend, as 
part of this vast programme, to place a tax on all 
petroleum sales with a view to financing the construc- 
tion of paved highways and thus ending the greatest 
single obstacle to Bolivia's economic and social progress, 
which is the lack of an efficient transport system. 

Peru bas reached a very advanced degree of indus- 
trial development, particularly in mining and metal- 
lurgy, and in electricity undertakings and textiles. The 


-| many established industries and those projected will 


require a great deal of machinery and equi t, and 
Peruvian industrialists are actively looking for suppliers. 
The Central Bank of Chile has expressed the view that 
the recent oil discovery in M Territory might 
eventually become one of the most important factors 
in the future industrialisation of that republic. More- 
over, the outlook for the basic industries of copper 
mining and nitrate of soda continues very encouraging, 
and it is thought that the higher rate of general manu- 
facturing output, recorded in 1945, will continue, when 
assisted by an improved supply of imported machinery 
for replacement and oom The first consignment 
of nylon yarn recently arrived in Chile, and local 
manufacturers are pen. Pe awaiting delivery in order 
to commence the manufacture of artificial silk with 
the special machines now being installed under the 
supervision of American experts. Chile is actively 
developing air and shipping transport, and it is pro- 
posed to construct a modern port at Arica. Among 
the Chilean Government proposals at t before 
Congress is a Bill to increase the petrol tax by 60 
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centavos per litre in order to provide 3,000 million 
pesos for the improvement of roads and communi- 
cations, including 300 million pesos for the construc- 
tion of aerodromes ; also measures to consolidate the 
position of the State railways, by increasing and 
improving equipment, solving financial problems, and 
dealing with the competition from road transport. 

According to announcements in the Chilean Press, 
the Valdivia Iron and Steel Company will shortly be 
forced to close down at least part of their plant unless 
they receive assistance from the Government. It is 
understood that they are unable to compete in price 
with imported iron, and it is expected that sales of 
the imported article will be made contingent upon 
purchases of an equal quantity of the local product. 
The situation of this company has not been mentioned 
in the optimistic reports on the prospects of the new 
national steel plant to be erected near Concepcidn. 
The Valdivia Company use locally-produced charcoal 
for smelting, and the Concepcidn plant is being designed 
for metallurgical coke, to be obtained from coal pro- 
duced in the neighbourhood, and to take advantage of 
the output of the new hydro-electric plants being 
constructed. 








DETERMINATION OF THE 
**GAS CONTENT”’ OF SAND CORES.* 


Tue following report is put forward as a recom- 
mendation to the foundry industry, and comments 
are invited from members in the light of their experi- 
ence of the method as a control test in works’ practice. 
It is hoped to incorporate this in due course as a stan- 
dard test, alongside those already on by the 
Joint Sands Committee. It is the purpose of this test 
to measure in a quantitative manner, the gas-forming 
character of any sand core as used in the foundry, 
or of any oil-sand mixture being tested in the foundry 
laboratory. It provides a method of measuring both 
the extent of baking, and the —— nature of 
the binder used. The test may be used to compare 
the rate of gasification of any binder under fixed heating 
conditions. 

Gases from cores and moulds surrounded 
aoe solidifying metal are known to be & cause of unsound- 

ness in castings. The volume of gas evolved from any 
particular core, and the rate at which it is evolved, 
will depend on a number of factors, such as the amount 
of organic material present in the sand; the nature 
of this organic material; the degree of baking to 
which the core has been subjected (both temperature 
and time effect); the presence of free and combined 
moisture; and the rate of temperature rise in the 
sand mass. The rate of evolution of gas on the appli- 
cation of heat, as by the introduction of molten metal 
to the mould, will vary ing to the nature of the 
binder, and this is at least of equal importance to the 
founder as the total volume of gas which may be 
evolved on complete decomposition of the organic and 
inorganic substances present. 

While no standard ‘‘ gas content ’’ values have been 
agreed on for any of the materials in general use, 
somé useful information has been published and 
comparative values can be readily established in any 
foundry laboratory by the method described. As a 
guide to those new to this subject, “gas content” 
values of the order of 5 ml. to 15 ml. per gramme of 
core represent normal values for fully-baked cores, 
giving satisfactory results in practice for types of work 
where excessive gas evolution would cause trouble. 
Among organic bonding agents, the rapid drying 
water-soluble substances, such as sulphite lye and 
molasses, give lower “‘ gas content” values than the 
vegetable oils and dextrin mixtures. Of the silica 
sands in general use for core making, inland deposits, 
such as those of Leighton Buzzard, Bedford, Congleton, 
and Chelford, are relatively free from gas-forming 
matter, while sea beach and dune sands containing sea 
shell and weed fragments have an appreciable “ gas 
content ’’ when strongly h q 

The term “gas content” refers to the volume of 
gases evolved from unit weight of the selected sample 
of baked core or sand, when heated at elevated tem- 
perature under standardised conditions. It is usual te 
report the “gas content’ as millilitres of gas, at 
N.T.P. evolved per me of core. There is no 

recognised method of preparing the test 
sample. When production cores are being tested, care 
must be taken in sampling to avoid variations due 
to the difference in rate of baking, which usually occurs 
from outside: to centre of most oil-sand cores. It is 
recommended that the core to be tested is either 
crushed down, or sawn through, and the two equal 
surfaces rubbed her over a piece of glazed paper 
until ample sam has been collected. The loose 


* Report prepared by the I.B.F. Technical Sub- 
Committee T.8. 13 (Sands), in continuation of its work 
on sand testing, and submitted at the 43rd annual meeting 
of the Institute of British Foundrymen, held in Birming- 
ham from June 18 to 21, 1946. Abridged. 
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sand is thoroughly mixed and transferred to a suitable 
closed tin or bottle for weighing off. For investigation 
purposes on sand mixtures and binders, both tensile 
and compression cores can conveniently be used after 
baking under controlled conditions by crushing down 
the broken test piece. If it is desired to work on a 
basis of moisture-free samples, the crushed sand should 
be ¢arefully dried at 105 deg. to 110 deg. C., reducing 
the drying time to a minimum, to avoid any further 
oxidation of the binder present. 

The tee of the sample will be determined mainly 
by the volume of the gas burette used. If only a 
100 ml. burette is employed, then the sample weight 
should be restricted to approximately 5 grammes. 
This is to be recommended when measuring the rate 
of evolution of gas. With a larger burette, a sample 
weight of from 10 grammes to 20 grammes can be used, 
affording a more representative result from a single 
determination. The temperature used in the test will 
vary according to the class of metals being cast. An 
average temperature is selected to represent approxi- 
mately the temperature reached in the surface layers 
of the mould or core. For light alloys, a temperature 
in the region of 700 deg. to 750 deg. C. is adequate; and 
for copper-base alloys, steel and cast iron generally, 
800 deg. to 900 deg..C. Since at 800 deg. C. all organic 
binders are rapidly gasified, higher temperatures only 
serve to shorten the heating period to obtain complete 
gasification, and result in a more rapid gas evolution. 
The period of heating will vary somewhat with the 
temperature selected and weight of sample used, 
normally from five to fifteen minutes- is sufficient for 
the purpose of the test. 

The usual form of apparatus consists of an electri- 
cally-heated tube furnace connected to a gas burette 
or aspirator system, in which the volume of gas evolved 
is measured. In order to introduce the samples into 
the hot zone of the heating tube without introducing 
air, two methods are available. In both of these, 
after placing the weighed sample in a suitable porcelain 
or nickel boat, it is introduced into the cold end of the 
tube. The whole system is sealed and washed out 
with a non-oxidising gas, such as nitrogen for prefer- 
ence, which should be passed through a washing bottle 
and drying tube before entering the heating tube. 
In the first method, the sample is moved forward into 
the hot zone of the furnace by means of a push rod 
operated by a solenoid coil, on an extension of the 
furnace tube. In the second method, a nichrome wire 
attached to the tray or boat, and passing through a 
mercury seal, is used to draw the sample into the hot 
zone of the furnace. For the estimation of the moisture 
evolved from the sample, some suitable form of absorp- 
tion tube is included in the system between the furnace 
and the measuring burette. In order to ensure the gas 
being measured at normal temperature, a suitable 
capillary cooling coil is introduced between the furnace 
and the measuring burette, or the latter may be 
water-jacketed. 

In using the apparatus, the furnace tube is brought 
up to the required temperature chosen for the test, 
checking the temperature by means of a thermocouple 
introduced from one end of the tube. The weighed 
specimen of crushed core is placed in the nickel or 
silica boat, and introduced into the cold end of the 
tube. The bung is then replaced firmly, and a slow 
stream of nitrogen through the whole system, 
with the top tap of the gas burette open to atmosphere. 
After passing the gas for approximately five minutes, 
the supply is cut off. The moisture absorption tube 
is now weighed and replaced. The levelling bottle is 
raised to bring the water level in the burette to the 
top zero mark and all taps closed. The jimen is 
then pushed or pulled forward into the heating zone 
by the first or second method. 

When measuring the rate of gas evolution, a stop 
watch is started simultaneously with the introduction 
of the sample into the hot zone, and readings of the 
liquid level in the gas burette are taken at convenient 
time intervals. At the end of the standard heating 
time, or at the completion of gas evolution, the levelling 
bottle is brought up to the burette to adjust the two 
levels at the same height, so that the final volume 
reading is taken at atmospheric pressure. After taking 
the final reading in the burette, turn on the nitrogen 
supply for a few minutes, allowing the gas to escape 
at the vent at the top of the burette. (This ensures 
that no water va is left in the heating tube or 
connections.) Then reweigh the moisture absorption 
tube. After completing the test, the end bung is 
removed, and the boat drawn out of the tube by a 
hooked rod. The tap at the of the burette is 
opened to atmosphere, and the liquid level brought 
back to zero for the next test. 

The total millilitres of gas evolved divided by the 
weight of sample in grammes gives the gas content 
value. Any water obtained may be expressed 
separately as a weight, or converted to its equivalent 
water vapour value (1 gramme water = 1,672 ml. at 
760 mm., 100 deg C.). The furnace rature and 

time of heating thé sample should be stated. The rate 


of gas° evolution is recorded graphically by plotting 
the curve of volume readings against time intervals. 
For the same test conditions, this affords a method of 
comparing the rate of gasification of various binders. 

It is usual to determine a blank value for the 
apparatus, by carrying through the standardised pro- 
cedure without any sample in the tube; this will 
also show up any leakage in the system, or failure in the 
refractory tube. It is also usual to determine the “ gas 
content’ on a sample of the unbonded sand being 
used in the core mixture in order to determine the 
presence of any gas-forming matter in the sand itself. 
These blank values are then used to correct the actual 
result obtained on the bonded core. An error can be 
introduced by the solubility of the evolved gases in 
the water used in the gas burette and levelling bottle. 
This can be minimised by saturating the water with 
gas before making any actual determinations or by 
using a suitable liquid with low gas solubility. One 
such solution recommended from an American source 
consists of 5 per cent. sulphuric acid plus 20 per cent. 
sodium sulphate in water. Salt solution or glycerine 
and water may also be used. 

If air be present in the heating tube, partial combus- 
tion of the core gases may take place, with the produc- 
tion of water vapour. This introduces a source of error 
which is overcome by the method outlined. When a 
moisture estimation is not made, as a precaution 
against the presence’ of water vapour and tarry matter 
in the burette, the gases are passed through a freezing 
mixture, or water-cooled coil, where they are condensed 
before the gas itself passes to the measuring vessel. 
The cold boat being drawn into the hot zone of the 
combustion tube may cause a momentary slight con- 
traction in volume of the gas in the tube, and if the 
liquid level in the burette is close against the connecting 
tube, it may be pulled into the tube. To avoid this, 
a two-way tap should be fitted at the top of the burette, 
or the zero set clear of the end of the connecting tube. 





INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 
(Concluded from page 6.) 

Heatine anv Execrricrry Suppy. 


On Thursday morning, June 27, a meeting of the 
Incorporated Municipal Electrical Association was held 
in the Empress Ballroom, Winter Gardens, Blackpool, 
when a paper on “‘ The Provision of Heat by an Elec- 
tricity Supply Undertaking and Some Recent Methods 
of Application,” was read by Mr. R. A. 8S. Thwaites, 
chief engineer and er, Manchester Electricity 

ment. Heat, said the author, could be provided 
by an electricity supply undertaking either as a high- 
temperature fluid, i.e., steam or hot water, or as elec- 
tricity to be converted into heat on the consumer’s 
premises by means of a variety of appliances. The 
first method had lately been much discussed under the 
title of ‘‘ district heating.” Outstanding examples of 
the second method were: induction or eddy-current 
heating for such purposes as surface hardening or 
melting metals, dielectric heating of plastics and ply- 
wood, infra-red radiant heat for i paint and 
enamel, thermal storage for heating large buildings ; 
and the “ heat pump ”’ for similar purposes. 

Com with open fires, t economy in the use 
of fuel should result from district heating. The highest 
efficiency in utilising the heat content of coal for this 
purpose could, however, only be attained when the 
following conditions were present: a relatively large 
number of premises in a compact estate supplied with 
heat for building-warming and with hot water for domes- 
tic and industrial purposes ; abstraction of power from 
the steam and its conversion into electrical energy 
before the heat was sent out from the station; and the 
maintenance of the load factor of the system at a high 
figure by providing the heat requirements of a combina- 
tion of dwellings, shops, public buildings and industries. 
These conditions were likely to obtain on the new 
Wythenshawe estate of the Manchester Corporation. 
This had an area of about 1,257 acres on which it was 
proposed to build 5,121 three-bedroomed houses and 
2,464 flats of various sizes. The houses had a floor 
area of 850 sq. ft. and a content of 6,800 cub. ft., and 
had been assumed to require 586 therms per annum 
for space heating and 175 therms per annum for hot 
water. The flats were assumed to require 80 per cent. 
of these amounts. It was calculated that similar 
existing houses burning five tons of coal per annum 
and making a modest use of electricity or gas would 
obtain only 280 useful therms per annum, which was 
inadequate for comfort. 

The scheme envisaged one boiler house and generating 
station at the north-western end of the area adjacent 
to a site scheduled for industrial development, with, 
in the final s , a second heat station at the south- 
eastern end. The distance between the two stations 
would be about three miles: From the flow pipe on 





the heating service, a connection would be made to 
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each; house, the hot water passing through the radiators 
and back to the return pipe of the circuit. Similarly, 
hot water from the main would pass through a calorifier 
placed in the cylinder of each house and back to the 
return main. The same water would be repeatedly 
circulated, —_ for fresh supplies introduced to 
make up small leakages. This system would permit 
the use of steel pipes with welded joints and a 
calorifier in each house should discourage the 
excessive consumption of hot water. The estimate: 
capital cost of the scheme, which had been given 
preliminary consideration by the Manchester Corpora- 
tion, was 1,621,000/. In view of its magnitude, further 
investigation was, however, being undertaken in con- 
sultation with Government departments. 

While district heating was being further investigated. 
Manchester was expecting to erect about 3,000 tem- 
porary bungalows, which, as far as heating and cooking 
were concerned, could be divided into two categories : 
all-electric and gas-electric. The all-electric bungalow 
had eight lighting points, a 4-kW cooker, a 3-kW wash: 
boiler, a 2-kW immersion heater, six socket outlets, and 
a refrigerator. In the gas-electric house the installation 
was similar, except that a gas cooker and wash boiler 
were installed. In both cases, there was a coal fire 
in the living room with a “ fire-back” boiler. An 
analysis of the consumptiort in 131 such houses over a 
relatively short winter period showed an average ot 
about 50 kWh a week for the all-electric houses and 
of 30 kWh plus 368 cub. ft. of gas a week for the 
gas-electric houses. In the first case the cost of elec- 
tricity was 2s. 10d. a week, and in the second the 
combined cost of electricity and gas was 3s. 7d. a 
week. These figures showed that the average weekly 
cost for electricity, where there was no gas, was less 
than for electricity plus gas. Another significant feature 
was that the consumption of electricity in the gas- 
electric bungalow was nearly three-quarters of that 
used in the all-electric class. 

Dealing with the provision of heat in the form of 
electricity, the author referred briefly to the employ- 
ment of induction heating for the melting and surface 
treating of metals, and to dielectric heating for such 
purposes as the pre-heating of thermo-setting synthetic 
resins and thefasion of the thorium oxide at temperatures 
of 5,000 deg. F. Mention was also made of the employ- 
ment of infra-red radiant heat. As regards the “‘ heat 
pump,” electricity might be considered as high-grade 
energy and from the thermodynamic standpoint it 
was not efficient to convert it directly into low-grade 
heat for warming a building. For such a purpose it 
was better to reverse the thermodynamic cycle which 
took place in a heat engine. By this means, it was 
possible to raise the value of existing low-grade energy 
to any desired extent. This low-grade energy might 
be obtained from water from a neighbouring stream or 
lake, from the cooling water of a power station, or from 
the atmosphere. In all cases, except the last named, 
the results likely to be achieved were quite definite. 
This stepping-up process could be carried out by a 
“heat pump” against the expenditure of high-grade 
energy, which amounted to only a fraction of that 
necessary to produce the same amount of heat directly. 
The ratio of the latter to the former was called the 
coefficient of performance, and could be calculated for 
any given set of conditions. It would be found that 
the lower the temperature difference, the better the 
performance. In the experimental unit which had been 
installed by the Norwich Corporation for heating 
a 500,000 cub. ft. building, it was not less than 2-5. 

Opening the discussion on this paper, Mr. L. Romero 
said that, according to the author, the Manchester A type 
house, with a floor area of 852 sq. ft., was estimated to 
require 586 therms per annum for space heating. On 
a cubic foot per annum basis this was 5} times the actual 
requirements of his own small house, in which nothing 
but electricity was used for heating. This large 
difference must be due to the fact that he used high- 
temperature radiant heat, under instantaneous control. 
for keeping the house warm, while at Manchester it 
was proposed to employ low temperatures, mainly 
convection, with a very sluggish control, to maintain 
the house at a certain minimum temperature. In our 
changeable climate it seemed unnecessary to dissipate 
heat in every part of the house night and day. 

Dr. S. Whitehead, in dealing with the work of the 
Electrical Research Association, said that a survey of 
space heating had been instituted, so that the installed 
capacity might be compared with the actual load. 
Some large-scale experiments were being made, in 
which it was proposed to take groups of 100 consumers 
in similar premises and under similar circumstances, 
but using different combinations of appliances for 
space heating and water heating, and to analyse the 
nature of the demand so as to discover the most advan- 
tageous combination. Later, attention would be given 
to transient heating. The construction of a room 
had a great influence on the heating required, and 
experiments were being conducted to reduce the time 
necessary for this The Association was also 
co-operating in work on the heat pump. : 
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Mr. J. A. Sumner said that people were suspicious of 
the finance of the heat p. Another reason why 
it had not gone well in this c country was that coal had 
been cheap. Experiments had shown, however, that 
by its employment a saving of 30 to 40 per cent. in 
consumption could be obtained, compared with heating 
by raw coal. Less transport would therefore be 
necessary and there would be less smoke. The saving 
in coal more than outweighed the high capital cost. 

Mr. R. H. Rawll asked what was the correct approach 

to the problem of district heating. At Manchester, 
the cost would whe og to be between 751. and 100l. 
per building ; he wondered whether it would not 
be better to spend this capital in providing flexible 
heating appliances. 

Mr. E. A. Logan said that the root of the problem, 
both with district heating and the heat pump, was 
economic, and, in agreeing, Mr. F. S. Naylor asked for 
information regarding the price that was being charged 
for the electricity supplied to the heat pump. 
Mr. L. W. Pettitt inquired whether the author had 
any comparative figures of the cost per therm for the 
district heating system, taking into account installation 
and maintenace and using either steam or hot water. 
He thought the only satisfactory method of c 
was a fixed charge plus a charge for the actual B.Th.U.’s 
consumed. 

Sir Johnstone Wright, as a member of the sub- 
committee of the Egerton Committee, which was 
studying the whole question of district heating, asked 
that the Committee’s report should be awaited before 
any conclusion was reached. An interim memorandum 
on the subject would be issued within the next week 
or two and the main report would ap in the autumn. 

The author, in reply, said that the scheme outlined 
in the paper would give the heat required in the house 
for general heating as well as forlocal heating. He had 
no comparative figures of the cost of supplying steam 
and hot water. It was a relief to know that there 
would be an independent report on district heating. 


Exvxgorricitry Suprity TaRirrs. 


In the afternoon, a second meeting was held at which 
a paper on “ Possible Means of Uni and Equating 
Electricity Supply Tariffs” was read by Mr. C. T. 
Melling, borough electrical engineer, Luton. The 
possible degree of tariff unification and equalisation 
depended on the form of the reorganisation of the 
electricity supply industry. Before the war, however, 
the majority of undertakings offered low tariffs, and, in 
1938, 60-9 per cent. of the consumers on the domestic 
two-part tariff could buy at a running charge of 0- 5d. Li 
kilowatt-hour or Jess, 25-7 per cent. 0-5d. and 
0:75d. per kilowatt-hour, 10-5 per cent. between 
0-75d. and 1d. per kilowatt-hour, and 2-9 per cent. at 
over ld. per kilowatt-hour. It was, in fact, the variety 
of tariffs rather than the price level which justified 
criticism. For instance, the basis of fixed charge assess- 
ment on the two-part tariff was the rateable value in 
about 42 per cent. of the underakings, floor area in 27 per 
cent., and number of rooms in 11 per cent. In each of 
these three main categories there were, however, 
numerous assessment formule and, in addition, there 
were sundry other bases, such as lighting watts, 
installed. Many undertakings did not disclose the basis 
of assessment. 

It was understood that the Electricity Commissioners 
were appointing a Committee to consider forms of tariffs 
and methods of charge; and it was h that as a 
result a satisfactory tariff system would be available 
for compulsory application. Until the industry had 
been “‘ re-organised”” and an improved tariff system 
evolved and costed, present tariffs should continue in 
operation with the following exceptions: all under- 
takings should be required to offer a domestic two-part 
or block tariff ; increases should be made to any tariffs 
which were uneconomic ; and reductions should be made 
in s y high tariffs to a maximum of, say, 8d. per 
kilowatt-hour for the lighting flat rate, 2d. per kilowatt- 
hour for the lighting and cooking flat rate, and 14d. per 
kilowatt-hour for the unit charge in the two-part tariff. 
These reductions might involve a temporary subsidy 
to the area involved. The maximum prices adopted 
in this provisional scheme should be reviewed periodic- 
ally with the object of further reducing the differences. 
In the re-organised industry there would be a need for 
a continuous review of the operation of tariffs to ensure 
their efficacy in meeting changing costs and consumer 
needs. As far as possible, tariff changes should be at 
long intervals, say five years, although shorter intervals 
would generally be necessary in times of cost 
A long term view, together with tariff equalisation 
reserves, would assist price stability. 

In its efforts to ensure equity, the industry was 
probably unique in having attempted to develop a 
tariff system which had a conscientious relationship to 
cost. Under modern conditions, however, it was no 
longer possible to do this ; and various suggestions had 
been made on the future price policy, ranging from a 
uniform unit charge to a “ water rate’ system under 
which there would be a quarterly or annual charge 





for unmetered supplies. The present policy of reason- 
able two-part tariff fixed charges and no. unit charges 
was nevertheless probably as wise as any other public 
utility development, and had benefited consumers 
and undertakings alike. Some suggestions—uniform 
price for all units; unmetered supplies; national 
equalisation of tariffs ; free connection of supply— 
conflicted with other suggestions requiring meticulous 
regard to the cost of supplying each individual load. 
The various suggestions were irreconcilable and the 
present tariff policy, reached by the evolutionary 
movements of half a century, was a suitable basis on 
which the future tariff system could be built. 

There was a popular demand that the charges for 
electricity should be the same in all parts of the country. 
This equality might be considered desirable for social 
reasons, though as between different urban areas or 
between urban and rural areas there seemed no strong 
argument for it, except tidiness. In fact, care would 
be required to ensure that price equalisation did not 
involve too great a subsidy of high cost supplies by low 
cost areas. It was essential that industries, which 
depended on cheap power and which for that reason 
had been established in icular areas, should con- 
tinue to enjoy full benefit of the local low cost of | the 
supply. pe of tariff prices would involve a 
large degree of pooling of revenue in the various tariff 
areas. This could be achieved, if necessary, whether 
the industry were organised under a national board, 
regional boards or regional groupings of undertakings, 
but wholesale pooling inevitably or. to loss of incentive 

and operational efficiency. Moreover, rapid equalisa- 
tion of prices would be a serious hardship in those low 
price areas where the price increases under 
tariffs might be nearly 50 per cent. of present prices. 
Any large increase in price in a low price area would 
therefore retard load development. Conversely, in 
high price areas a large reduction in price might cause 
serious overloading. It was therefore advisable that 
steps towards equalisation should be gradual, and that 
price reductions should not be allowed to lead engineer- 
ing construction. The immediate objective, to be 
approached gradually, might be: one or two grades of 
urban and one or two grades of rural tariffs, making 
three or four price levels in any one of the existing 
Central Electricity Board distribution regions. If, on 
the other hand, there were, say, fifty distribution regions, 
one urban and one rural price level would probably 
suffice for each. In either case, an initial total of not 
more than ten different price levels would probably be 
sufficient for the whole country. 

The discussion was opened by Mr. J. S. Pickles, who 
said that there should have been some codification of 
tariffs a long time ago. Contributions to capital costs 
always aroused the consumer’s ire, but their incidence 
was becoming less important. A block tariff was not 
so encouraging as a two-part tariff. At present the 
two-part tariff was referred to by more than one name. 
If there were standardisation in this matter, it would 
be an improvement. 

Mr. R. Birt had hoped that the author would have 
recommended the compulsory adoption of a two-part 
tariff. As to block tariffs, any such tariff which was 
not related to the possible demand of the consumer 
was not only uneconomic, but inequitable. Tariffs 
could not be unified until bulk supply charges had first 
been unified. Mr. F. 0. Harber thought the Associa- 
tion should formulate a basic tariff which could be 
a = standard throughout the country. 

Sumner was glad that the author had 
a. é eae that present-day tariffs were scientific. 
It was impossible to prevent one class of consumer 
subsidising another. A proper fixed charge would be 
obtained by dividing the total fixed charges on distri- 
bution among the consumers. This would work out 
at about 3/. per consumer per annum. The running 
charge could then be what the undertaking called 
for. 

Mr. R. H. Rawill said that the difficulty of collecting 
fixed charges would be less in future, as the majority 
of houses would be owned by the local authority and 
the amount could be collected with the rent. Coun- 
cillor J. -Jones wondered whether it would 
be possible to evolve one fixed tariff according to rate- 
able values, floor ag or some other method, with no 
running charge. Mr. E. A. Logan said that the popu- 
lar demand was for much simpler tariffs and for a 
fixed price per unit. The consumer preferred a low flat 
rate to the two-part tariff and it was possible to obtain 
a large revenue by its use. Mr. W. N. C. Clinch said 
that the system of asking the local authority to collect 
the fixed charge with the rent had been most successful 
on housing estates. Block tariffs could be used in = 
nection with pre-payment meters by arranging to 
charge the first 40 units at, say, 6d., with subsequent 
units at much lower rates. 

At the conclusion of the meeting delegates attended 
a garden party in Stanley Park at the invitation of the 
chairman and members of the Manchester Electricity 
Committee, while in the evening the Annual Dinner of 
the Association was held at the Casino. 


THE ‘*PACITOR’’ FUEL GAUGE 


FOR AIRCRAFT. 


Fis. 1 to 5, on page 32, illustrate a gauge developed 
by Messrs. Simmonds Aerocessories, Limited, Great 
West-road, London, in order to measure the contents 
of the fuel tanks of aircraft without the use of moving 
parts, such as floats, in the tanks. The basic principle 
employed is to measure the capacitance of a condenser 
immersed in the fuel as the fuel level rises and falls in 
thetank. The gauge, which is known as the “ Pacitor ” 
fuel contents gauge, is made in several different types, 
one of which is shown in Fig. 1, another in Figs. 2 to 4, 
while a third is illustrated in Fig. 5 In all the types, 
however, the principles of operation are the same. 
It is, of course, common knowledge that any pair of 
conductors separated by a dielectric form a con- 
denser and that the potential difference between the 
conductors when charged is determined by the electrical 
polarisation in the dielectric. Conversely, when the 
applied potential and frequency are kept constant, the 
magnitude of the current which flows will be directly 
proportional to the capacity of the condenser, this 
pn being a function of the area of the conductors, 

es them, and the nature of the 
dielectric. condenser in the Pacitor gauge con- 
sists of two concentric tubes with a gap between them. 
If the condenser is suitably arranged in the fuel tank, 
the dielectric will be aviation spirit when the tank is 
full and when the tank is empty it will be air. In 
between these extremes the capacity of the condenser 
varies according to the ratio between the s 
occupied by air and spirit as the level of the fatter 
alters in the tank. Since the dielectric constant 
of the spirit is twice that of air the differences are 
sufficiently marked, when an electrical equipment 
capable of measuring the change in capacitance is 
provided, to give an accurate reading of the change 
of level. 

Apart from the fact that, as already pointed out, 
there are no moving parts in the Pacitor gauge r, 
it will be obvious that remote recording of level is 
much easier by electrical than by mechanical means. 
This is of considerable importance when it is remem- 
bered that modern air liners may carry as much 
as 12,500 ons of fuel in 28 tanks. Moreover, 
individual fuel tanks may be relatively small, irregu- 
larly shaped, and difficult of access. e fuel contents 
gauge most commonly used hitherto is that embodying 
@ float at the end of a lever. This mechanism is not 
only subject to engine vibration but has to meet 
the constant agitation set up by the surging of the 
fuel in the tank. It is stated by Messrs. Simmonds 
that the readings with this type of gauge may be 
erroneous by as much as 20 per cent., and with such 
a possible error the fuel reserves must be large. On the 
other hand, the rule adopted by Messrs. Simmonds in 
laying out a Pacitor gauge installation is that errors in 
gauge readings must not exceed +5 per cent. for 
changes in the attitude of the aircraft up to + 20 deg. 
in any plane. Another advantage is that the readings 
are practically unaffected by changes in the temperature 
of the fuel. This is due to the fact that in the Pacitor 
gauge the change in volume arising from temperature 
variations is almost exactly balanced by corresponding 
changes in the dielectric constant of the fuel. From this 
it follows that the system may be calibrated in any 
convenient units and an accurate measure of the fuel 
obtained independently of temperature conditions. 
The system, further, adapts itself readily to either 
readings for individual tanks or for any number of 
tanks up to four taken together. 

In describing the gs uge in detail we may deal first 
with its simplest application, which is shown in Fig. 1. 
This illustration, it should be noted, is diagrammatic 
only ; the parts are not in their usual relative positions 
and are not all to the same scale, though the overall 
dimensions indicated will give an idea of the space 
required. The gauge, as shown in Fig. 1, comprises 
four components, namely a tank unit a, a rectifier 
unit 6, a power unit c, and an indicator d. High- 
frequency current from the power unit is delivered 
to the tank unit and to a fixed condenser having a 
capacity approximately equal to the mean of that of 
the tank unit in the “empty” and “full” condi- 
tions. The tank unit, which is a tubular condenser, 
and the fixed condenser are in series with voltage 
transformers, the secondary coils of which supply, 
through rectifiers, two coils in the indicator, which is a 
direct-current ratiometer without resistances, these 
being replaced by the condensers so that changes in 
reactance are measured instead of changes in resistance. 
The circuit constants are adjusted to translate an 
increase in tank-unit capacity into an equivalent 
increase in indicator reading. At mid-scale of the 
indicator the circuit is symmetrical and entirely 
independent of voltage, frequency, or temperature 
changes, while at the extremes of the scale the effects 
are very small. Adjustment of scale length is obtained 
by modifying the empty-full capacity ratio with a 
shunt condenser, 








32 


The particular lay-out shown in Fig. 1 is designed 
for use with deep, narrow, rigid tanks and where 
only one of the units per tank is required. The tank 
unit consists of two concentric tubes of 22 s.w.g. Dur- 
alumin firmly attached to a standard fuel-gauge flange, 
which is secured to the top of the tank by a ring of| 
studs. The tank unit is, therefore, readily removable| Fig.?. _ 
when required. The flanged top carries a cover to which | --2%--> 
a screened concentric cable e is attached. Thecentral| {© ° 
conductor of this cable is put in contact with the inner 
or energised tube by means of a spring-loaded plunger. 
The tubes are kept at the correct air-gap distance apart 
by spacers of insulating material. The total capaci-| |, a 
tance of the tank unit in an empty tank is of the order of | ; 
600 microfarads. Where more than one unit is fitted 
to a single tank the capacitance is divided equally 
among the units. The length of the unit is, of course, 
dependent on the size of the tank, so that the other 
dimensions of the tubes are varied to give the desired 
capacitance. The inner tube may be slotted to 
compensate for irregularly-shaped tanks. 

Disregarding for the moment the rectifier unit 5 in 
Fig. 1, the power unit c may be dealt with. This is 
contained in a metal case attached to the side of the 
aircraft in any convenient position by means of shock- 
absorbing mountings between a pair of horizontal 
brackets. It provides the radio-frequency voltage 
which is fed, through the rectifier unit, to the tank unit. 
The current supply to the power unit is derived from the 
aircraft battery at either 12 volts or 24 volts, the unit 
being connected to the battery by the cable f. The 
output of the unit is rated at 1-5 watts, the output 
voltage being fixed at 65 volts and the frequency | 
being maintained at 20 kilocycles per second into a| 
resistance load of 5,000 ohms. The consumption at | 
24 volts does not exceed 0-6 ampere. On first switch- 
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ing on, the current may rise momentarily to 2 amperes, 
so a 5-ampere fuse is fitted. The circuit consists | 
in essentials, of a combined oscillator and vibrator, | 
power supply, the former being a conventional Hart- | 
ley circuit actuated by a tetrode valve connected up | 
as a triode. The tuning capacity is divided between | 
the oscillator circuit and the output circuit in order to | 
reduce the effects of line capacity upon the coupling. | 
The grid condenser and leak values are selected with a 
view to providing a minimum change in output voltage | 
over a large range of supply voltage. The valve heater 
is in two sections so that it may be connected in series | 
or in parallel for operation from either a 12-volt or a/ 
24-volt supply. The anode voltage is derived from a| 
vibrator-transformer combination of normal type. The | 
vibrator is energised from the 24-volt supply and is | 
hermetically sealed so that its performance is not | 
affected by either altitude or humidity ; together with 
the other components, it has been arranged to comply 
with the requirements for flying under tropical con- 
ditions. A life of several hundred hours for the 
vibrator is very probable, while both it and the valve | 
can be readily replaced. 
The rectifier unit 5 consists of a hermetically-sealed | 
metal box containing a transformer-connected “‘ Westa- | 
lite ” rectifier in series with the tank unit for supplying | 
the deflecting current to the indicator, and also a second 
rectifier connected to a fixed condenser which supplies 
the control current. The two circuits are housed 
together in order to minimise temperature effects, an 
arrangement which also conduces to convenience of 
installation and wiring. The rectifier unit is shown in 
Fig. 1 as connected to both the power unit and the 
indicator by cables, the connections being made by 
standard Mark IV miniature plugs and sockets. It is 
shown connected to the tank unit by the screened 
concentric cable e, but, as already pointed out, there 
can be as many as four plugs provided for this con- 
nection if the summation of the contents of four tank 
units is required. It is the length of this cable which 
imposes the only restriction on the position of the 
rectifier in the aeroplane, as it is generally desirable 
that the length should not exceed 20 ft. Though the 
rectifier unit does not require any servicing or main- | 
tenance during the life of the gauge, it is naturally 
usually placed in an accessible position. The indicator 
is a moving-coil direct-current ratiometer connected as 
an ohmmeter. It is supplied in the standard Air 
Ministry case and is hermetically sealed. It is usually 
mounted in the cockpit and is designed to withstand the 
severest vibration to which it may be subjected. Full 
compensation is provided for a range of temperature 
between — 40 deg. C. and 70 deg. C. The pointer move- 
ment is geared to rotate over an are of 270 deg., this 
arrangement giving an open scale which can be cali- 
brated in gallons or any other unit, as desired. The 
control coil and the deflecting coil in the indicator both 
have a resistance of about 60 ohms. The current in the 
control coil at the normal operating voltage is 35 
milliamperes and the deflecting current varies from 
approximately 25 to 50 milliamperes. A zero adjustment, 
controlled from the back of the indicator, is provided. 
It is stated that photographs have been taken of the 
indicator on a number of aircraft to determine the 
extent of aircraft attitude errors under flying conditions. 
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shallow. Obviously, a single gauge of whatever type 
can only give a true reading of the level in such tanks 
when the aeroplane is flying on aneven keel. When the 
plane tilts either longitudinally or transversely, the 
volume of fuel in the tank may be little altered, or not 
at all if the tank is in reserve, but a single gauge would 
show different readings as the tilt altered A correct 
reading is obtainable, however, by installing two, four. 
or, in certain cases, six, tank units A typical arrange- 
ment for such a tank is shown in Figs. 2 and 3, and 
it will be clear from these illustrations that the tank 
unit itself differs from that shown in Fig. 1 _It consists 
of a pair of concentric tubes as before, but there is no 
top flange, the various units being fitted into the tank 
during, or after. manufacture, and being attached by 
suitable brackets to the nearest baffles or tie rods. 
The units are indicated at a in Figs. 2 and 3, and after 
installation are wired in parallel and led to a single 
connector 6 carrying the socket for the screened con- 
centric cable to the rectifier unit. The wiring is 
carried through }-in. tubing between the units. The 
heavy dotted line in Fig. 3 denotes the earth lead. 
Handholes are provided for access to the wiring and 
units. Although such an arrangement may seem rather 
complex, the gain in accuracy by its use is strikingly 
illustrated by the curves in Fig. 4. These show the 
results of comparative tests on the same tank. The 
tank was elliptical in cross section and was, roughly. 
' about 3-5 times as long as its depth. A single Pacitor 
gauge was first fitted towards one end and off centre, 
These showed that the pointer remained steady through- | this position being determined by the provision for 
out flight and never deviated by more than 3 per cent. | accessibility. From tests with the single gauge, the 
from the correct reading; that is, the reading which | curves in full lines were plotted. The curves should be 
would have been shown for the fuel level with the | read from right to left; that is, from a full tank to an 
aeroplane at rest. jempty one. It will be noticed that the error first 

The other types of the gauge, previously mentioned, | increases as the tank empties, reaches a maximum and 
may now be dealt with. As is well known, some | then decreases. With the aeroplane climbing at 12 deg. 
tanks, wing tanks in particular, are long, wide and | (top full-line curve), the maximum error is about 
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18 per cent., and with a 12 deg. roll (bottom full-line 
curve), the maximum error approaches 22 per cent. 
over a long period The difference is, of course, due 
to the fact that the disturbance of level is not the same 
in the longitudinal and transverse directions of the tank. 
Clearly, this result is no better than would be obtained 
with a single float-arm gauge, but when four Pacitor 
gauges were fitted, two near each end of the tank, the 
greatly improved results shown by the chain-dotted 
curves were secured. The curves are comparatively 
uniform over all states of the tank contents. In the 
top curve, which is that for a 12-deg roll, the maximum 
error is about 3 per cent. only, and in the bottom curve, 
for a 12-deg. climb, the maximum error is but little 
greater, namely about 3-5 percegt. The improved accu- 
racy of the multiple tank-unit syStem is thus obvious. 

The types of gauge described above are for rigid 
tanks, but the growing use of flexible tanks set up 
a fresh problem. These tanks having neither baffles 
nor tie rods, nor a rigid surface from which the tank 
unit can be suspended as in Fig. 1, require a different 
design of tank unit, although the concentric pattern 
of condenser is retained. Insulated end plates with 
terminals are therefore attached to the tank fabric 
and wired before the tank is finally closed, and to these 
end plates the tank units are bolted after insertion 
through handholes. The final stage is the fitting of the 
connector for the cable to the rectifier unit. The 
flexible tank, however, is often very irregular in con- 
tour ; it may be of the saddle type or have “‘ pockets,” 
of such a nature that the fitting of any of the earlier 
types of contents gauge is impracticable, although the 
tanks may have a considerable capacity. For such 
tanks, the flexible unit shown in Fig. 5 has been 
developed. This illustration does not represent an 
armoured flexible hose but shows a condenser, with 
concentric tubes separated by insulating spacers, of 
such a nature that it can be bent into close curves 
without impairing the gauging efficiency. The com- 
plex form shown in the illustration is, of course, merely 
to demonstrate the flexibility of the unit. Not only 
will this construction enable the contents of otherwise 
inaccessible pockets to be gauged but the flexible tank 
unit may also be clipped to the walls of flexible tanks 
which have to be collapsed in order to enable them to be 
inserted in, say, wing structures. It will be understood 
that the description of the rectifier unit, power unit, and 
pwc applies to all the types of tank unit mentioned 
above. 

It will be clear from the foregoing that the Pacitor 
fuel gauge system can be adapted to suit the fuel- 
tank lay-out of most t of aircraft. It has been 
installed in such widely different conditions as small 
aircraft having single tanks and in large four-engined 
machines youn, 28 tank units. Taking specific 
instances, it may be mentioned that the system has been 
fitvad in the Vickers Viking air liner, the Windsor, the 
Fairey Spearfish, the Hawker Fury, and the Super- 
marine Spiteful. It is stated by Messrs. Simmonds’s 
associated company in the United States that American 
Airlines have ordered the Pacitor gauge to be fitted 
to 50 Skymaster transports though the change involves 
the removal of the existing gauges. The Pacitor gauge 
is also specified for other st American aeroplanes. 


One important factor which has not been mentioned 





above is the weight of the gauge. It will be appreciated 


that overall weights vary in accordance with the 
particular lay-out, but some detailed figures may be 
of interest. The integral tank unit shown in Fig. l, 
when 40 in. long, weighs 2} Ib., including the connector 
cover, the power unit weighs 4 lb. 7 oz., the rectifier 
unit 1 lb. 8 oz., and the indicator 1 lb. Added to these 
are the weights of the cables, wiring, supporting 
brackets, etc. 

Although not coming under the head of aeroplane 
accessories, it may be mentioned that another form of 
the Pacitor tank contents gauge has been developed 
for industrial purposes. Its simplicity enables it to be 
used for acids or similar liquids, while milk, alcohol or 
other fluids highly susceptible to toxic contamination 
can be accurately measured without exposing them to 
any metal parts. The convenience of remote indication 
of level is, of course, retained, and since the operation 
of the gauge is unaffected by either pressure or vacuum, 
and no damage will be caused if the liquid should freeze, 
its employment under exacting conditions is permis- 
sible. 





CINEMA FILM ON FURNACE PRACTICE.—An educational 
sound film dealing with furnace practice has been pre- 
pared for the Ministry of Fuel and Power, and copies, in 
both the 35-mm. and 16-mm. sizes, are available on loan 
from the Central Film Library and on application to 
Regional Fuel Officers of the Ministry. It is accompanied 
by a running commentary. The film is intended for 
executives, operatives and students interested in the 
operation of furnaces in the ferrous and non-ferrous metals 
industries and the aim is to promote the efficient use of 
all kinds of fuel. Correct methods of using coal, pul- 
verised coal, coke, gas, oil and electricity in various types 
of furnace are illustrated in the film, which has been 
taken under ordinary working conditions. It is in three 
reels and takes 27 minutes to show. Further particulars 
may be obtained from the Ministry of Fueland Power, 
7, Millbank, London, S.W.1. 








ARMY ENGINEERING CADETSHIPS.—The War Office is 
inviting applications for engineering cadetships leading 
to technical commissions in the Army. Free technical 
training in civil, mechanical, electrical or tele-communi- 
cations engineering will be provided at technical colleges, 
the duration of the courses varying from nine months to 
two years. Candidates must be medically fit, be between 
the ages of 17} and 20 years, and be British subjects, 
the sons of British subjects and of pure European 
descent. They must possess one of the following initial 
educational qualifications : the Higher School Certificate 
with mathematics and physics (or approved equivalent 
standard); a university intermediate examination in 
science or engineering ; the Ordinary National Certificate 
in Mechanical or Electrical Engineering, or the General 
School Certificate with credits in mathematics and either 
physics or general science. Alternatively, candidates 
must have completed the urst year senior engineering 
course at a technical college or have attended a junior 
technical school up to the age of 16 years. Preference 
will be given to applicants who have had practical 
experience in workshops. Application forms, together 
with full particulars of the scheme, may be obtained 
from the Under Secretary of State for War, War Office, 
A.G.22, London, S.W.1. Envelopes should be end d 
** Engineering Cadetships.” 














(sse0s) 


“ENGINEERING” 


‘*SILENTGRIP’’ BOX-SPANNER 
WRENCHES. 


Tue wrench illustrated in Figs. 1 to 3, on this page, 
has been developed by Messrs. Accles and Pollock, 
Limited, Oldbury, Birmingham, for use in connection 
with the firm’s tubular box spanners. It has been 
termed the “ Silentgrip”’ spanner, since the locking 
action of the box spanner on the nut is effected without 
the noise accompanying the use of a wrench having the 
more conventional ratchet and pawl device. At the 
same time, the Silentgrip s r possesses the advan- 
tage of the ctubsbenbaent wrench in enabling the nut 
to be tightened up by movement of the wrench lever 
through a small arc where space is limited. It will be 
noted that the external view given in Fig. 1 does not 
correspond in all details with the drawings Figs. 2 and 
3, the difference being accounted for by the fact that 
the device is made in two ranges of which one, the 
** Major” range, is shown in Fig. 1, and the other, the 
‘**Minor” range is seen in Figs. 2 and 3. In both 
cases the gripping action is identical. The larger type 
has been designed for use in workshops and garages 
and is made in sets consisting of eight tubular sockets 
of the type shown in Fig. 1, suitable for the nuts of 
standard Whitworth bolts from } in. to | in. in dia- 
meter. The centre of the wrench is furnished, on both 
sides, with a hexagonal projection which fits into one 
end of the socket. Each of the projections has a spring- 
loaded ball catch which effectively prevents the socket 
from slipping off the wrench in the axial direction. The 
uae of the set consists of an extension piece, for 
use when the nuts to be tightened are sunk below 
the level at which the wrench can be operated, and the 
wrench, which is 11 in. long from the centre to the 
end of the handle. 

The smaller of the two sets has also eight tubular 
sockets and is intended for use on, say, motor cycles and 
motor cars. The sockets are suitable for the nuts of 
standard Whitworth bolts from % in. to § in. in 
diameter. The handle of the wrench is 74 in. long. 
As shown in Figs. 2 and 3, the centre of the wrench in 
this case has a hexagonal hole which is slipped over one 
end of the socket. It will be obvious that both types of 
spanner are reversible, so that by turning them over 
from the tightening position they will function equally 
well for unscrewing a nut, the pull in the two cases 
being, of course, in opposite directions. The centres 
in both the sets are formed with ratchet-like teeth, a 
roller lying in each tooth space between the ratchet 
and the wrench body. It will be clear from Fig. 3 
that the gripping action is due to the jamming of the 
rollers between the inclined portions of the teeth and 
the wrench body, this action becoming more pro- 
nounced as the pull on the, lever is increased. We 
have tested one of the large wrenches and find that the 
grip is positive and effective, the are through which 
the lever is moved to ensure it being only about 9 deg. 
The claim that the spanner is silent in operation is 
fully justified. The levers are of drop-forged alloy steel 
of an unusual cross-section, which is comfortable to 
grasp. The centres, with their rollers, are held in place 
in the body of the wrench by Circlips. The sockets and 
extension pieces are made of the firm’s “Kromo” 
alloy steel. Both sizes of spanner sets are packed 
in convenient cases. 








34 








PHILIPS 1,000-WATT AMPLIFIER. 


A 1,000-watt amplifier, which has been designed 
for use on large public-address systems and on wire- 
broadcast systems serving networks of 6,000 sub- 
scribers, is shortly to be introduced by Messrs, Philips 
Lamps, Limited, Century House, Shaftesbury-avenue, 
London, W.C.2. This amplifier has a distortion level 
of only 1 per cent. and incorporates a direct-coupled 
driver stage, which provides a low-impedance signal 
source. In addition, it has negative-bias stabilisation 
for the push-pull triode output stage. The pre-ampli- 
fier stages are also push-pull throughout and employ 
negative feed-back which results in a very low harmonic 
content, even at full drive. This circuit, it is stated, 
enables a good output regulation to be obtained, 
a feature which is of advantage on wire-broadcast 
systems where the load is liable to considerable 
fluctuations. The audio coupling and output trans- 
former have been designed so that the amplifier 
gives its full output at frequencies as low as 40 cycles 
per second with a total distortion of less than 3 per cent. 
Three 3}-in. rectangular meters are provided, two of 
which indicate the plate currents of the output valves, 
while the third can be used as an output meter or for 
checking the cathode currents of the pre-amplifier 
and driver valves. In the event of a failure of the fixed 
bias supply, the output valves are protected by a relay 
which automatically switches the set over to auto-bias 
working. The equipment is also protected by fuses 
on the mains side and on the direct-current sides of 
all the rectifiers. 

An interesting feature of this amplifier is the inclusion 
of a Scott automatic monitor, which fulfils a function 
similar to that of the automatic pilot on aircraft. By 
this. means, electronically-delayed main high-tension 
switching and automatic monitoring of the amplifier 
output are provided. This enables the amplifier to 
be operated unattended by injecting a small 50-cycle 
input lasting a fraction of a second every 3 minutes, 
if no audio si are being received. If the amplifier 
develops a fault the relay, which is used to re-set the 
circuit after the signal has been injected, does not 
operate and either an alarm signal will sound or a 
stand-by amplifier can be switched in. 

All the apparatus included in the amplifier is fixed 
to four panels, which are built on a 19-in. rack. This 
rack is carried in a ventilated cabinet which is hinged 
in two secvions, thus facilitating adjustment of the 
pre-set controls and replacement of the valves. The 
tear of the apparatus and the electrical connections 
are also easily accessible. The cabinet is approxi- 
mately 6 ft. high by 2 ft. wide, by 2 ft. 3 in. deep, 
and the net weight is nearly 5 cwt. 





OPTICAL-INSPECTION EQUIPMENT.—Two leaflets 
recently received from Messrs. Speed Tools, Limited, 
35-36, Percy-street, London, W.1, illustrate, respectively 
a wide range of inspectors’ lenses, micrometerview stands, 
etc., and a later development from these useful acces- 
sories, the Speetol-Gordon multiscope. This is an inge- 
nious instrument which can be set up with a lens having 
& magnification of x 10 and of 1 in. focal length, a de- 
mountable stage with two spring fingers and a sub-stage 
mirror. In this form, the instrument provides a con- 
venient microscope, while it can be readily converted 
into a low-power unit for dissection, slide mounting, etc., 
by substituting a plano-convex lens of 4 in. focal length. 
This lens can also be mounted on the stand to serve for 
general examination work, while, with the microscope 
unit, the instrument can be used for projecting, by means 
of a low-voltage lamp, small images of slides held on the 
stage. The multiscope outfit includes all the parts for 
making these changes. 





TRADING WITH THE ENEMY ; WITHDRAWAL OF STATU- 
TORY List.—The Foreign Office and Board of Trade 
announce that by an Order (S.R. & O. 1946, No. 1041) 
issued on July 6 and effective on July 9, 1946, all existing 
lists of persons specified as enemy by the Board of 
Trade under Section 2 (2) of the Trading with the 
Enemy Act, 1939, have been revoked. Since the cessa- 
tion of hostilities, steps have been taken to reduce the 
numbers included in the Statutory List. On November 
27, 1945, a revision of the Statutory List involving the 
deletion of 45 per cent. of the names of persons then 
listed was announced. Inthe meantime, further arrange- 
ments have been made to facilitate Allied control over 
enemy assets located outside enemy territory, and H.M. 
Government consider that the time has now come to 
revoke the Statutory List and thus to contribute to the 
restoration of normal international trade. The United 
States and French Governments are taking similar action 
in regard to their respective lists. The Board of Trade 
and H.M. Commercial Officers abroad are prepared to 
advise British traders as to the commercial ability and 
reputation of prospective agents and customers abroad. 
Inquiries in this connection should be addressed to the 
Export Promotion Department, 35, Old Queen Street, 
London, S.W.1. 
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BRITISH STANDARD 

SPECIFICATIONS. 

THE following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 


Reinforced Concrete in Buildings.—The Codes of 
Practice Committee for Civil Engineering, Public Works, 
Building and Constructional Work, have issued for com- 
ment draft Code No. 1.22, covering the structural use 
of normal reinforced concrete in buildings. The Code, 
which has been prepared by a committee convened 
by the Institution of Structural Engineers, puts forward 
a number of important variations from the require- 
ments of existing codes on this subject. The strengths 
required for various concrete mixes are appreciably 
higher than the minima previously postulated, and there 
is a corresponding increase in the permissible stresses 
in direct loading and in bending. A table in the Code 
gives the bending-moment coefficients for slabs 
supported on four sides, for a wide range of support 
conditions. The appendices contain a number of 
standard tests for assessing the quality of concrete. 
Comments received up till August 7 will be examined 
by the Code and Drafting Committee. [Price 3s., 
postage included.] 

Tiles, Sewers and Drains, and Electric Refrigerators.— 
Five further draft Codes for comment, issued by 
the Codes of Practice Committee for Civil Engineering, 
Public Works, Building and Constructional Work, 
relate, respectively, to roof tiling, sewers and drains, 
concreting of sewers and drains, sewer connections, and 
electric refrigerators. The first code, No. 1.412, cover- 
ing roof tiling, has been prepared by a committee 
convened by the Royal Institute of British Architects, 
and deals with the use of plain or single-lap tiles of clay 
or concrete for roofing. Full information is given on 
flashings, eaves and verge treatments, the provision for 
lights, lanterns, dormers, rain-water drainage and 
other matters. The use of suitable nails and methods 
of nailing are given particular attention. Codes Nos. 
3.132, 3.133 and 3.135, dealing, respectively, with 
sewers and drains, the concreting of sewers and drains, 
and sewer connections, have been pared by a 
committee convened by the Institution of Municipal 
and County Engineers. In Code No. 3.132, the 
materials used for drain and sewer pipes are considered, 
and attention is given to the choice of material as 
affected by the type of ground in which the pipes are 
laid. The laying of a is discussed, particular 
attention being given to the methods of obtaining true 
lines in vertical and horizontal planes. The testing 
of complete drainage systems is considered in some 
detail. The extent and dimensions of concrete sup- 
ports and protection for pipes of the usual materials, in 
various positions, are clearly specified in Code No. 3.133. 
Code No. 3.135, covering sewer connections, is con- 
cerned with the connection of drains and private 
sewers to public sewers. Such work requires detailed 
knowledge of many factors, and the Code indicates the 
information which must be sought before the work is 

. The last of the five codes, No. 3.6443, is con- 
cerned with the installation of vapour-compression type 
domestic electric refrigerators. It has been 
by a committee convened by the Institution of Electrical 
Engineers, and the provisions necessary to ensure the 
disposal of the heat produced by the compression 
process are described in detail. The latest date for 
the receipt of comments on any of the five Codes is 
August 12. [The price of Codes Nos. 1.412 and 3.132 
is 2s., and that of Codes 3.133, 3.135 and 3.6443, 1s., 
postage included in all cases.] 





BOOKS RECEIVED. 


Whittaker’s Electrical Engineer’s Pocket-Book. Edited by 
R. E. NEALE. Founded by KENELM EDGCUMBE. 
Seventh edition. Sir Isaac Pitman and Sons, Limited, 
Parker-street, London, W.C.2. [Price 30s. net.] 

Science and the Welfare of Mankind. The Proceedings 
of a Conference Held in London on 15th to 17th Feb- 
ruary, 1946. Sponsored by the Association of Scientific 
Workers, The Physical Society and other technical 
bodies. The Temple Fortune Press, Mildner Works, 
Herbal-hill, London, E.0.1. [Price 2s. 6d.] 

Building Insulation. A Treatise on the Principles ani 
Application of Heat and Sound Insulation for Build- 
ings. By Pavut DuNHAM CLOSE. Second edition. 
American Technical Society, Chicago, U.S.A. The 
Technical Press Limited, “‘ Piccancot,”” Gloucester-road, 
Kingston Hill, Surrey. [Price 24s: 6d. net.] 

Pile-Driving Handbook. Theory, Design, and Practice 
of Pile Foundations. By RoBertT D.CHELLIs. Pitman 
Publishing Corporation, 2 West 45th-street, New 
York, U.S.A. Sir Isaac Pitman and Sons, Limited, 
Parker-street, Kingsway, London, W.C.2. [Price 25s. 
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PERSONAL. 


Sm GEORGE PaGET THOMSON, F.R.S., has left London 
for the United States to take up the position of scient ific 
adviser to the British delegation to the United Nations’ 
Atomic Commission, headed by SIR ALEXANDER Capo- 
GAN. 

PROFESSOR RONALD N. ARNOLD, A.R.T.O., D.Sc., 
Ph.D., M.I.Mech.E., who has been Professor of Engincer- 
ing at the University College of Swansea since 1944, has 
been appointed to the Regius Chair of Engineering in 
the University of Edinburgh, vacant since the death of 
Sir Thomas Hudson Beare. 

Mr. HuGH WARREN, M.Sc., M.I.E.E., managing dircc- 
tor of The British Thomson-Houston Company, Limited, 
Rugby, and formerly director of the company’s research 
and engineering departments, has received the degree of 
D.S8c., honoris causa, of the University of Birmingham. 

Caprain J. G. Hopcrart, 0.B.E., M.C., A.F.R.Ae.s., 
has been appointed managing director of Parsons Chain 
Company, Limited, and British Wire Products, Limited, 
and a Director of National Standard Company, Limited, 
Stourport-on-Severn, Worcestershire. 

After 12 years on the staff of The British Aluminium 
Company, Limitéd, Mr. W. H. Hapiey, M.A. (Cantab.), 
F.R.1L.C., hag jofned’ Messrs. T. J. Priestman Limited 
Cupro Foundry, Leopold-street, Birmingham, 12, as 
chief chemist and technical adviser. 

Mr. T. H. Howson is retiring from the position of com- 
mercial manager of Messrs. Samuel Fox and Company, 
Limited, Stocksbridge, near Sheffield, after 52 years’ 
service, but will retain his seat on the board of directors. 

Mr. M. SEAMAN, M.Sc., A.M.I.Mech.E., A.M.I.E.E., 
and Mr. J. F. B. Jackson, B.Sc., A-R.LC., have been 
appointed to the board of Messrs. P. R. Jackson and 
Company, Limited, Salford Works, Manchester, 5, a 
subsidiary of David Brown and Sons (Huddersfield), 
Limited, Huddersfield. 

Mr. A. C. G. Smits, B.Sc. (Eng.), A.M.1.Mech.E., 
has left British Drug Houses, Limited, to take up an 
appointment in the refrigeration division of U.D. Engin- 
eering Company, Limited, Abbey Works, Cumberljand- 
avenue, Park Royal, London, N.W.10. 

Mr. E. G. PICKERSGILL, assistant district locomotive 
superintendent, London Midland and Scottish Railway, 
Bankhall, Liverpool, has been appointed to a similar post 
in Leeds in place of Mr. D. D. Scorr, who has been pro- 
moted. Mr. L. H. LINNELL, signal inspector, Signal and 
Telegraph Engineer’s Department, Barking, has been 
made area technical assistant, Bedford, in place of Mr. 
H. CO. Dicky, who has retired. 

Mr. W. A. GREEN, of Drayton House, Forrest-road, 
Moseley, Birmingham, has retired from active business 
after representing Messrs. Hadfields Limited, Sheffield, 
in Birmingham and the South Midlands for 45 years. 

Mr. J. C. BaYLey has succeeded his father, Mr. J- 
BaYLEY, as area manager in the Midlands for Messrs- 
Ransome and Marles Bearing Company, Limited. 
Newark-on-Trent. Mr. J. Bayley, however, will remain 
available as a consultant and the area office will remain 
at 41, Bristol-road, Birmingham, for the present. 

The London office of Messrs. BUTTERS BROTHERS AND 
Company, Lim!TED, has been removed from the war-time 
address at Wimbledon to Trafalgar House, Waterloo- 
place, London, 8.W.1. (Telephone: WHiItehall 8654.) 

Messrs. CRAVEN Bros. (MANCHESTER), LIMITED, have 
undertaken the representation in Scotland of Mrasrs. 
A. A. JoNES AND SHIPMAN, LimIrED, East Park-road, 
Leicester, for machine tools, as from July 1. This 
business will be conducted by Mr. G. H. BUCHANAN, 
M.LP.E., 19, Kingsburgh-drive, Paisley (Telephone 4762), 
who has represented Craven Brothers in that territory 
for the past two years. 





INSTITUTION OF ELECTRICAL ENGINEERS.—The Council 
of the Institution of Electrical Engineers have awarded 
@ number of premiums for papers read, or accepted for 
publication, during the 1945-46 session. These include 
the Institution Premium to Dr. F. C. Williams, O.B.E. ; 
the John Hopkinson Premium to Messrs. J. F. Coales, 
J. C. Calpine, and D. 8. Watson ; the Ayrton Premium to 
Messrs. R. H. Coates and B. C. Pyle; the Llewellyn B. 
Atkinson Premium to Mr. J. C. Read; the Crompton 
Premium to Messrs. R. Grierson and Forbes Jackson ; the 
Swan Premium to Dr. A. J. King; the Silvanus Thomp- 





son Premium to Dr. A. L. Whiteley ; the Mather Premium 
to Mr. C. G. Garton ; the Duddell Premium to Dr. H. G. 
Booker; the Ambrose Fleming Premium to Mr. E. C. 
Cherry ; the Sebastian de Ferranti Premium to Dr. L. G. 
Brazier; the John Snell Premium to Mr. A. G. Ellis; 
the Fahie Premium to Messrs. F. C. McLean and F. D. 
Bolt ; the Paris Exhibition (1881) Premium to Messrs. 
J. S. Pickles and W. H. Wills ; the Webber Premium to 
Dr. D. H. Parnum and the Willans Premium to Messrs. 
R. W. Biles and G. W. Maxfield. Many extra premiums 
have also been awarded and, in addition, four students’ 
premiums, each of a value of 101., and six, each of a value 
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NOTES FROM THE NORTH. 
GLaseow, Wednesday. 

Scottish Steel_—Instructions have been received to cut 
down exports still further, and Scottish makers are dis- 
:ppointed at having to scale down orders from their 

iverseas customers. The Board of Trade, however, is 
anxious about the home position, and with housing and 
other high-priority industrial needs increasing, no alterna- 

tive course could be taken. Plates, sections, sheets, and 
bars continued in heavy demand down to the close before 
the holidays ; the earlier holidays on the lower reaches 
of the River Clyde, round Greenock, did not make any 
appreciable reduction in the demand. All consuming 
trades have been pressing vigorously for additional 
juantities of steel, and no doubt the prospects of a 
shortage has stimulated forward buying more than ever. 
Delivery dates have tended to lengthen, plates taking 
14 to 18 weeks and sheets not less than six months, except 
on priority. Pig iron and scrap are still in reasonable 
supply. If more coal were forthcoming, it is understood 
that more steel could be made. Meantime, the addition 
of two mills which are rolling thin plates is helping the 
plate position considerably. 

Scottish Coal.—The pre-holiday pressure caused col- 
lieries to divert some of their coals to meet the exceptional 
conditions to be dealt with at electricity works in par- 
ticular. The consumption of electricity has placed a 
heavy strain on power stations, possibly because the 
hydro-electric stations are not able to take their normal 
share of the load, and, for some time, coal power stations 
have been using up stocks. With only 14 weeks’ stock 
in hand and a ten-day holiday interruption in sight, 
difficulties are anticipated. At the moment the position 
appears to be improving, but if stocks are not thought 
to be adequate drastic diversions of fuel may be carried 
through during the last few days before the holidays start. 
Gasworks, railways, hospitals, and other home consumers 
are in a fairly good position to face the holidays, and no 
undue anxiety is entertained on account of ‘any group 
other than electricity power stations. The domestic 
allocation is being delivered as usual, and merchants are 
satisfied with their receipts and deliveries. Briquettes 
are stillin strong demand. The export market has been 
rouch quieter, and for the last week or fortnight stemming 
arrangements have dwindled considerably. Scotland’s 
weekly coal output is keeping up well and is said to be 
above the 450,000-ton mark, some of the weekly outputs 
during June having been higher than for some 18 months. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Expansion of export business is still 
a feature in alloy steels, the world demand for which is 
undiminished. Deliveries are retarded by shortage of 
skilled men and lack of sufficient shipping space. Manu- 
facturers are concerned about the higher railway charges ; 
in the case of one iron and steel firm it is estimated that 
the increases represent an additional annual charge of 
at least 20,0001. Sanction lias been given to the Park 
Gate Company to install a new 10-in. rod and bar mill to 
assist them to concentrate on the production of bars 
instead of sheets, the rolling of which is to cease.. To 
meet the growing use of tungsten-carbide tools, fatilities 
for production are being extended considerably. ‘Agri- 
cultural-steel branches continue to enjoy a boom state, 
and have orders on their books which will keep the 
works busy well into next year. Extra labour has not 
enabled manufacturers to overtake the very considerable 
arrears in the delivery of spare parts. q 


South Yorkshire Coal Trade.—Production has been 
adversely affected by absenteeism, which has been 
a by the Doncaster race meeting. Greater 

for | tive hards for the holiday season is 
ro experienced, and there is difficulty in meeting it. 
Washed and graded steams are heavily sold forward, 
manufacturers being glad to accept some alternative 
qualities. House-coal qualities are being directed to gas 
undertakings, whose stocks are low, but sufficient is 
allocated to retail merchants to satisfy the sanctioned 
small deliveries. Reduction in the coking-coal allocation 
is keeping the stocks of coke down and shortening the 
supply to industrial concerns and gas undertakings of 
coke-oven gas. Export business in low-grade fuel is 
being continued in limited cargoes. Bunkering business’ 
is fairly active. 








LAND-MINE DETECTOR.—Bulletin No. 42, June, 1946, 
issued by Messrs. Aero Research, Limited, 
Cambridge, contains an interesting reprinted and illus. 
trated account of the West Mark IV detector for concealed 
land mines. The casing of the detector is formed of plastic 
material, and it was the employment of the adhesive 
‘« Ardux ” in powder form for assembling the parts of the 
case in which Messrs. Aero Research were concerned. 
The bulletin also deals with a new type of the “ Ardux ” 
adhesive for use as an alternative to the powder. 


NOTES FROM THE SOUTH- WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—Figures issued by the Great 
Western Railway during the past week show that, in a 
period only just short of the complete first half of the 
year, exports of coal.and coke from ‘the six principal 
South Wales ports amounted to 2,466,945 tons, showing 
an increase, when compared with last year, of 229,316 
tons. The figure, however, was only about one-quarter 

the corresponding period of 1939. | 

Developments in export trade of South Wales during 
oe "rail increased allocations for the 

month of July to certain Continental countries. In the 
case of France, originally given a quota of 10,000 tons a 
month, it has been supplemented by a further 19,000 
tons. Italy will get an extra 14,000 tons, making the 


qualities to offer foreign buyers from Government dumps 
which were being lifted, but once this source has been 
exhausted only the inferior grades will be available for 
shipment. Outputs generally have shown no sign of 
improvement, while the home trade continues active 
and most producers already have well-filled order books 
from this section. The demand for all the large sorts 
was active and, with potential outputs well sold forward, 
the tone was very firm. The scarcity of thé bituminous 


business transacted ‘was limited by the lack of supplies. 
Steel sheets continue to be sought after 

have full order books, covéring a long period, 
business is difficult to place. Iron and 

a little more active as consumers are taking more interest 
in the better qualities The prices of iron and steel 
products and of non-ferrous metals are as follows: Prime 
tin-plates, per box of 108 Ib., containing 112 sheets 
measuring 20 in. by 14 in., 32s. 6d., 32s. 9d., and 33s. 14d., 
f.o.r., according to the tin coating, for-home 

and 33s. 6d.,and upwards, f.o.b., forexport. Unassorted 
tin-plate base uncoated plates, 27s. per box, f.o.r., at 
makers’ works. Unassorted terne-plates, per box of 112 
sheets, measuring 28 in. by 20 in., 61s. 9d., f.o.r. All the 


fire-refined copper (co 
of metal) is 822, 10s. a 
Gahadnaies one ’ 6a Seki maxim contest 
price of lead, English quality, is 561. 10s. a ton, of foreign 
good soft pig lead, duty paid, 581. a ton, and of spelter} 
501. a ton. é 
Dacre 
CENTRIFUGAL PUMPs.—Mesers. The Harland Engineer- 
ing Company, ‘Limited, Alloa, Scotland, have sent us a 
Ne ee ee ad di 
single-etage split-casing These pumps are 
ieuthctttea in Geachertt patvesaiaasdiae'teekaeBle sit 
heads up to 400 ft. The power characteristio.of the 
low-head pumps reaches a maximum at the highest | anq 
efficiency point, so that the driving unit is not o ; 
with any of the discharge head. oo 


pees a f-re ing power characteristics.” J 
the | are stat to run satisfactorily in parallel | with: 
and to start without difficulty against the static "itt ot| has 
the pumping system. at 


| -* 
AUTOMATIC ConTROL SCHEMES.—A booklet of a some- 
what unusual character has recently reached us from 
Messts. Negretti and Zambra, Limited, 122, Regent- 
street, London, W.1. It does not deal with,any specific 
products manufactured by the firm, ‘gives clearly- 
illustrated examples of 40 typical i of automatic 
control. The schemes are intended for guidance in 
,| planning analagous lay-outs, and show how greatly 
the field for this type of control has expanded in recent 
years. Some of the examples show and com- 
monly-adopted controls; others are ‘complex or 
unusual, or both. For example, there is a control for 
regulating the flow of a diluent to maintain a mixture at 
a precise specific gravity, a control for atmospheric 
humidification, and others. The booklet is compre- 
hensive and informative 





. Scone 


N OTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





Royat Sraristicat, Socrery.—Tuesday, July 16, 
545 p.m., London School of Hygiene and Tropical 
Medicine, Keppel-street, Bloomsbury, W.C.1. ‘“‘ Recent 
Bxptriments in Sample Surveys in India,’’ by Professor 
P. C. Mahalanobis, F.R.S. 

INSTITUTION OF CrviL ENGINEERS.— Thursday, July 18, 
5.30 p.m., Great George*treet, Westminster, S.W.1. 
“The Writing of Technical Papers and Reports,” by 
Mr. C. W. Knight. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Sittuation—The pressure for maximum de- 
liveries of iron and steel is increasing, and both home and 
export buyers are anxious to place further substantial 
orders. Oustomers’ current requirements exceed sup- 
plies, and not until more fuel is obtainable can any 
expansion of output be achieved. Better imports of 
foreign ore compensate, to some extent, for the shrinkage 
in production of Cleveland ironstone. Deliveries of pig 
fron are steadily maintained and, supplemented by sub- 
stantial quantities of scrap, are sufficient to meet the 
present requirements of home users but the pressure for 
larger supplies to deal with increasing needs is growing. 
The demand for all classes of steel isintense. The burden 
of higher railway rates is more oppressive on producers of 
finished steel than on makers of other descriptions of 
material. 

D and Basic Iron.—High-phosphorus iron is 


North Eastern foundries. from a 

to be on an increased scale, citganta tron ts 
well maintained but only for the heavy and 
increasing requirements of ‘maker’s own steel-produc- 
ing plants. 

Hematite, Low-Phosphorus and Refined Iron.—Home 
consumers of East-Coast hematite continue to receive 
parcels that cover their essential needs, but have little 
iron stored and would welcome bigger deliveries to enable 
stocks to be replenished. Outputs of low- and medium- 
phosphorus grades of iron are readily taken up and the 
growing requirements of users are likely to strain the 
sources of supply to their limits. The production of 
refined iron is steadily taken up. 

Manufactured‘Tron and Steel.—The various descriptions 
of semi-finished and finished iron are still obtainable in 
quantities. The large make of steel semies, 
however, falls considerably short of the heavy needs of 
the re-rolling mills and imported material is readily taken 
up. Prime billets, in particular, are scarce, and the sheet 
mills are using enormous quantities of bars and other 
semi-finished commodities. Finished-steel producers 
have a vast amount of work in hand and recent sales 
fmclude contracts extending over the early months of 
Sheet manufacturers have fully sold this year’s 
outputs and their export quotas are restricted by the 


oe mapped aE asc Reagaeay ty ella 


is an embarrassing congestion at the plate mills 
and the production of rails, railway chairs, fish plates, pit 
ee ee 


Deliveries are 
ee orcs. 
ee ptice. 





A brief account 
fap bc piane- 
tion of how the idea ef a performance specification for 
this’ equipment originated. The steps taken by the 
Admiralty Signal Establishment to prove that the specifi- 
specific | cation could be met are also described, and the character- 
istics of the resulting set are explained in some detail. 
The performance specifieation for a general-purpose 
marine radar set is published in appendices, and pre- 
‘scribes, among other matters, the minimum range on 
which thé sets should operate and the méans whereby 
the non-technical operator can determine rapidly and 


may submit designs or sets to the Admiralty Signal 
Establishment for certification. The price of the 





pamphlet is 9d. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other ication ing a 
similar title. — Mg: 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 

All editorial ce should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to ‘“ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £2 18 6 
paper copies ............ 3 3 0 
For all other places abroad— 
Thin paper copies... £3 3 0 
Thick paper copies .......... 3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
$34 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
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THE NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 


THE projects and procedure of the North of Scot- 
land Hydro-Electric Board are of considerable 
commercial as well as technical interest. To quote 
Mr. A. E. MacColl, the deputy chairman and 
chief executive officer of the Board, the obligations 
require that “‘ electricity must be provided in all the 
out-of-the-way and remote parts of the Highlands 
and Islands.” As these areas are of small popula- 
tion and difficult of access, the provision of an elec- 
tricity service at gharges likely to be attractive to 
small farmers and crofters may well prove impossible 
on an economic basis. This possibility—not to say 
probability— is clearly recognised and it is the inten- 
tion and duty of the Board to subsidise the more 
remote and uneconomic activities from the profits 
of the southerly and commercially attractive 
installations. In due course, no doubt, information 
will be published from which it will be possible to 
judge the success or otherwise of this policy, but 
matters are still in the preliminary stages and the 
present income is apparently nil. As the first 
construction scheme became operative only on 
March 28, 1945, and constructional work did not 
begin officially until the middle of June in that 
year, this is not difficult to understand. 

It is hoped that, ultimately, profitable loads may 
be obtained in the Highlands from the establishment 
of light industries in remote localities, and the de- 
velopment of electro-chemical or  electro-metal- 
lurgical plants, but so far as the immediate future is 
concerned, it appears likely that any substantial 
income must come from the sale of current for use 
in the more highly developed areas of southern 
Scotland. It would seem from the second annual 
report of the Board, which was published on July 1, 
and which covers the twelve months ended on 
December 31, 1945, that a policy to this end is being 
ed. The only work actually in progress is 
on the Sloy scheme, which is situated in Dumbarton, 
at the northern end of Loch Lomond, A dam 160 ft. 
high is to be built at the outlet of Loch Sloy and a 
16-ft. diameter tunnel, 1}? miles long, will connect 
to the power station, situated on Loch Lomond. 
Under present conditions, progress is naturally slow. 
Work was started with a very few British workmen 
on June 11, 1945; on October 22, 200 German 





than two years. 





prisoners of war were made available ; and by the 
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end of the year, 45 British workmen and 398 
prisoners of war were employed. The operating 
head at the station is 910 ft. and the authorised 
installed capacity is 130,000 kW. Orders have been 
placed for four turbines and their alternators, but 
the size of these is not given in the report, though 
a few particulars of a very general character have 
been released to the Press from time to time. 

The statement of accounts annexed to the report 
shows that the Board had authority, at the end of 
1945, to borrow up to 3,000,000/., but had exercised 
these powers only up to a total of 254,544/., an 
increase during the year of 163,684/. Most of the 
difference between the total of 254,544]. and the 
figure of 332,800/., previously mentioned, is accounted 
for by “‘ amounts accrued but not due ”’ of rather less 
than 70,000/. The greater part of the expenditure 
represented by the borrowings has been disbursed on 
“administrative and preliminary expenses,” which 
accounted for 51,3751. and 245,4811., respectively, 
only 21,7331. having been expended on actual 
“ building and civil engineering”; but it is noted 
that ‘“‘there were outstanding commitments as at 
3lst December, 1945, in respect of acquisition and 


43| construction of works, estimated to amount to 


1,365,000/.”" Schemes of distribution have been 
prepared for the mainland areas of Lochaber, North 
Sutherland, Lochinver and Ullapool, Lochcarron, 
and Ardnamurchan, and for a number of islands, 
including Lewis, Harris, Islay, Mull and Iona, 
Arran, and part of the mainland of Shetland ; these 
are in addition to the schemes, particulars of which 
have been published already. 

The report is of interest and value, but its useful- 
ness might have been increased had more information 
been furnished. It is difficult to see that any pur- 
pose can be served by withholding details of the 
initial capacity of the Sloy station and this particular 
example of the paucity of specific information is 
not by any means the only one. The first con- 
struction scheme of the Board also covered 
stations at Loch Morar, in Inverness, and at 
Lochalsh, in Ross and Cromarty. The report states 
that design work on both these projects is well 
advanced, but in neither case is the capacity of the 
station given. This information has been made 
available in earlier publications, but it would seem 
desirable that the annual report should be self- 
contained so far as the main data are concerned, for 
the benefit of readers who are making their first 
acquaintance with these important undertakings, 
or‘who may not be in a position to refer back 
through the series of the Board’s publications. 

This criticism may be extended to cover the 
purposes for which the Sloy station is being built. 
It was suggested above that this station and its 
associated distribution system are being given pre- 
ference, as the completion of the project will enable 
some income to be obtained from the sale of current 
to purchasers outside the distribution areas of the 
Board, but there is nothing in the report to support 
this view, no information being given about the 
destination of the output of the station. This 
reticence, it is only fair to state, is not characteristic 
of the report throughout. It contains, for instance, 
information about the area to be supplied by the 
Lochalsh station which, it may be disclosed, has 
an authorised capacity of 4,000 kW. Although this 
figure is not given in the report, there is a passing 
mention, in the section devoted to distribution 
schemes, to the facts that the initial installa- 
tion is to be of 500 kW, and that, provisionally, 
supplies are to be given from a Diesel-engine plant. 
Information of the same order is given in connection 
with various other distribution schemes. 

The idea that the Sloy scheme is being pressed 
forward, very properly, for the purpose of obtaining 
revenue is supported by the record of the evidence 
at the inquiry held by the Secretary of State for 
Scotland at the end of 1944, on the basis of which 
it was sanctioned. It was stated at that time by 
the Central Electricity Board that they would have 
urgent need of the supply from Loch Sloy by 1947. 
There has been much opposition of one kind and 
another to almost every project of the North of 
Scotland Hydro-Electric Board, and it, is largely 
on the basis of the contention that their activities 








will help to raise the economic status of the remote 
Highlands that such opposition has been over- 
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ruled. In the long run, and perhaps even in the 
relatively short run, that policy cannot be effectively 
implicated unless the Board can earn an adequate 
income ; they cannot operate indefinitely on bor- 
rowed money on which no interest is being paid. 
Up to the end of 1945, the Board had borrowed 
332,8001. from Scottish banks, the interest and repay- 
ment being guaranteed by the Treasury. This is a 
justifiable procedure in the early days, but it must 
have a term. 

The largest scheme which the Board are at present 
authorised'to put in hand is the Tummel-Garry pro- 
ject, which covers three stations of a combined 
capacity of 148,000 kW. This should be a definite 
revenue-producing installation as the current is to 
be sold to the Grampian Power Company, the 
Aberdeen Corporation, and the Central Electricity 
Board ; but there is no suggestion in the report that 
constructional work of any kind has been begun. 
What appears to be the most immediate source of 
revenue is what is known as the Bute and South 
Cowal Distribution Scheme, which is closely linked 
with the North Cowal Distribution Scheme. The 
area concerned, which lies to the west of the Firth of 
Clyde, covers 354 sq. miles. Part of the district 
is already supplied from the 1,200-kW Diesel station 
previously owned by the Rothesay Town Council, 
which was taken over by the Board on May 15. 
Rothesay is situated on the island of Bute, which it 
is intended to connect to the northern part of the 
area by a 22,000-volt submarine cable. Ultimately, 
the intention is to construct a 5,000-kW hydro- 
electric station at Loch Striven, in the mainland 
section of the area, but permission to build this 
station has not. yet been obtained. 

A further distribution scheme, which should 
apparently furnish some immediate revenue, covers 
the largest island in the Orkneys, which is referred 
to in the report as the Orkney mainland. Supplies 
are already furnished from the 560-kW oil-engine 
station of the Kirkwall Town Council, and as, 
subsequent to preparation of the report, this station 
was also taken over by the Board, a small-scale 
distribution business is presumably now in operation. 
As Orkney mainland measures only some 10 miles 
by 5 miles, there clearly cannot be any considerable 
water-power resources, but the development of 
power from a chain of lochs is under consideration. 
An isolated distribution scheme covering the Isle 
of Skye, with an area of 690 sq. miles, is also to be 
put in hand, and a 2,400-kW water-power station 
fed from the Storr Lochs is projected. Pending the 
construction of this station, limited supplies will be 
made available, by means of a submarine cable, 
from the temporary Diesel-engine station at Loch- 
alsh on the mainland. The Lochalsh scheme, which 
has already been mentioned, covers the construction 
of a station at Nostie Bridge on Loch Alsh. Autho- 
rity to build this station, which will have an initial 
capacity of 500 kW, has been obtained. 

The various distribution schemes of which parti- 
culars are given involve the construction of 571 
miles of high-voltage lines and 361 miles of low- 
voltage lines. The proportion of the population 
of the areas to which electricity will be available is 
generally high, being about 90 per cent. for all the 
mainland distributions, 65 per cent. for Orkney 
and 70 per cent. for Skye. If new customers are to 
be obtained in such numbers as to give saturation 
figures of this order, attractive terms will have to be 
offered, and while the load is being built up the 
Board may have to sell current below cost. The 
erection of the transmission lines will probably not 
take anything like as long as the building of the Sloy 
and Tummel-Garry stations, so that a demand in 
the areas served by temporary oil-engine stations 
may well develop some time before income is avail- 
able from the sale of current to the Central Electricity 
Board and other bodies. No information is given in 
the report about the price policy to be followed in the 
development of these rural areas. It may be 
remarked, in conclusion, that the -artist’s wash 
drawings of the Errochty dam, the Pitlochry dam 
and generating station, and the Grudie Bridge gen- 
erating station, which, with a numbef of maps, are 
included in the report, should go a long way to con- 
vince doubters that the scenic beauties of the areas 
affected, though they will be changed, are in no 

serious danger of being ruined. 





ENVIRONMENTAL WARMTH. 


SPECULATION has concerned itself at times with 
the question why the basis of modern western 
civilisation was laid in Mediterranean countries at 
a time when the more northerly areas, which later 
took the lead, were inhabited by backward and 
semi-savage peoples. Undoubtedly climatic condi- 
tions were an important factor in the matter. The 
inclement winter weather of much of northern 
Europe may have exercised a restraining influence 
on both the mental and manual activities on which 
progress is based, so that the inventive power which 
ultimately produced substantial buildings, arti- 
ficially heated, developed more slowly than in the 
favoured south. Extremes of temperature in either 
direction are unfavourable both to physical and 
intellectual exercise, and the Mediterranean areas, 
although experien¢ing summer temperatures high 
by British standards, represented a happy com- 
promise between the heat of the tropics and the 
average low temperature of the north. That it 
was possible to maintain intellectual activity in 
unfavourable conditions is shown by the existence 
of the unheated cloisters of the medieval cathedrals, 
though what proportion of the work carried on in 
them was done in the winter is not known. 

Modern scientific method has enabled quanti- 
tative measurements to be made of the relation 
between temperature conditions and human output. 
There is probably no complete body of data in 
existence covering every phase of the subject, but 
at least some measure of precision may replace the 
general expression that it is either too hot, or too 
cold, to do serious work. More investigations have 
apparently been made on the effect of high than 
of low temperatures, but some information on the 
effect of the latter is available. In a report published 
by the Industrial Fatigue Research Board in 1922, 
it was stated that investigations carried out in two 
shell factories, for periods of six and twelve months, 
showed that the number of cut fingers was 34 per 
cent. greater at 47 deg. to 55 deg. F. than at 
67 deg. F. Although these observations were 
concerned with accident rates it is clear that they 
must have a definite relation to output. A further 
example is furnished by a bicycle-chain assembly 
plant. The finger temperature of the workpeople was 
taken by means of a thermopile and it was found 
that, after sitting for two hours at an air tem 
ture of 51 deg. F., the fingers were 22 deg. F. cooler 
than when the air temperature was 63 deg. F., and 
that manual dexterity was reduced by 12 per cent. 
at the lower figure. 

The effect of environmental temperature at the 
other end of the scale was illustrated by the case 
of the shell factories already quoted, where the 
accidents increased by 23 per cent. at 77 deg. F. 
Results obtained in factories of other types are 
given in various reports of the Industrial Fatigue 
Research Board and the Industrial Health Research 
Board. In the blowing of glass bottles, a distinct 
seasonal variation was found and on one occasion, 
when the ventilating fan broke down, output during 
the last four hours of work was 31 per cent. below 
normal. In the rolling section of a tin-plate mill, 
the June to September output was 11 per cent. 
below that of the winter, and with blast furnaces 
and puddling furnaces there was a substantial 
seasonal fall. Coal-face workers in the mining 
industry had an output under the worst conditions 
41 per cent. below that at the best, and a difference 
of 10 per cent. in output in terms of atmospheric 
conditions has been found in weaving sheds, due 
entirely to subjective effect on the employees and 
not to warp-thread breakages. 

The implication given above of the effect of 
high temperature on output is unduly simplified ; 
the matter is actually much more complicated, 
both air velocity and relatively humidity being 
important contributory factors. When physical 
work is performed, the necessary energy is pro- 
duced by the oxidation of foodstuffs. As, however, 
the gross mechanical efficiency of a man as a 
machine is only of the order of 20 per cent., some 
80 per cent. of the energy appears in the form of 
heat. In a cold environment, this heat may be 
dissipated without difficulty and the body tem- 
perature maintained at its natural level. If, how- 





ever, environmental conditions are unfavourable, 
the body temperature may rise. The first effect of 
this is likely to be some loss of efficiency, but, if 
the conditions are serious and prolonged, ill-effects 
and even death may result. The body automatically 
regulates its loss of heat by varying the blood 
supply to the skin; the blood vessels dilate with 
heat and increase the supply, the temperature of 
the skin thus rising. The extra heat, in normal 
conditions, is dissipated by “‘insensible perspira- 
tion,” which is thought to be an osmotic process 
and takes place even when the skin seems dry. 
In more extreme conditions, the sweat glands come 
into operation and a state may be reached in which 
the body loses as much as 6 lb. of water hourly. 

Heat is carried away from the body by radiation, 
convection and evaporation. Clothing and the 
human skin radiate virtually as black surfaces, 
and absorb on much the same level, so that loss or 
gain by heat by radiation depend entirely on 
environmental conditions in this respect. Loss of 
heat by convection depends on the differences 
between the temperature of the skin and the 
surrounding air. Strictly, this applies only to 
stagnant conditions; air movement, which is 
usually present, increases the convection loss. 
Evaporation is controlled by the velocity of air 
movement, and the difference between the vapour 
pressure of the ambient air and of air saturated 
with water vapour at the temperature of the surface. 

In order that effective control of conditions which 
are naturally unfavourable to the human bod 
may be introduced, it is necessary to be able to 
measure air temperature, humidity and velocity 
and radiant heat. Simple apparatus is available 
for the whole of these operations. This is so far 
standardised that cabinets containing the necessary 
instruments are now issued to the ships of H.M. 
Navy. The subject concerned has become of im- 
portance in the Navy owing to restrictions of space 
necessitated by the growing extent and complexity 
of equipment, with consequent increase in the size 
of crews, and the naturally unfavourable conditions 
which prevail in many 'tween-deck positions during 
action. The first step in attempting to make im- 
provements in what must remain difficult circum- 
stances is to ascertain precisely what present condi- 
tions are, and the purpose of the issue of the cabinet 
of instruments is to enable the officers responsible 
to make the necessary measurements. In order 
that the apparatus shall be put to effective use, the 
Medical Research Council has prepared a book of 
instructions* describing the purpose of the various 
instruments and how to use them. The book has 
been prepared by Dr. T. Bedford, M.I.Min.E., and 
forms an admirably clear exposition of its subject. 

The essential instruments supplied are a whirling 
hygrometer, two katathermometers and a black- 
globe thermometer. - The necessity for the issue of 
an instruction book is illustrated by the statement 
that katathermometers “have been a service- 
afloat issue to medical officers for over twenty years, 
but many a naval doctor has never removed a 
katathermometer from its box from the first to the 
last day of his ship’s commission, simply because 
he was uncertain how to use it or what it was for.” 
This instrument is equally applicable and valuable 
in a steel mill or glass-bottle factory as in a warship 
and it is possible that many of those responsible 
for conditions in premises of this kind are just as 
ignorant as the naval doctors. The purpose of this 
instruction book is to help in determining what “is 
the ratio of the space allocated to the human element 
to the allotted to the mechanical element 
of the total fighting machine . . . which will make 
it the most efficient engine of war.” In the average 
workshop, the problem is not quite the same ; space 
considerations are not so stringent, but the task 
of maintaining the most favourable atmospheric 
state under the conditions imposed is essentially 
the same. It is to be hoped that this book of 
instructions will have a wide circulation outside 
as well as inside naval circles. It is supplemented 
by a series of large-scale charts from which humidity 
values and other data maybe directly read off in 
terms of instrument readings. The supplement 
is published separately at ls. 6d. net. 


*Environmental Warmth and its Measurement. H.M. Sta- 
tionery Office, Kingsway, London, W.0.2. [Price 9d. net.) 
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NOTES. 


Coat RESERVES IN BRITAIN. 


THERE has been so much irresponsible talk about 
the progressive exhaustion of the coal reserves of 
the British Isles that it is conceivable that such 
loose generalities may have contributed appreciably 
to the present shortage of manpower in the coal 
industry.. It is satisfactory, therefore, to learn 
from Survey Paper No. 58, published last week by 
H.M. Stationery Office at the price of 9d., that the 
quantities remaining to be mined, in seams 12 in. 
thick or more, and at depths generally not exceed- 
ing 4,000 ft., are still more than sufficient to keep 
the industry reasonably well employed for at, least 
a century. The report, which has been prepared 
by the staff of the Fuel Research Board, is entitled 
Rapid Survey of Coal Reserves and Production: a 
First Appraisal of Results, and is at once a concise 
and informative summary. There have been previous 
surveys, the first of importance being that of the 
Royal Commission of 1871, which provided the basis 
for an’estimate that some 146,000 million tons would 
remain in 1870 for future mining; deducting the 
coal since mined, this was the equivalent of 131,000 
million tons remaining in 1945. Subsequent 
estimates, based on more exact and extensive geo- 
logical knowledge, ranged up to 190,000 million tons 
in 1945. Approximations of this kind are given for 
each of the principal coalfields and for most of them 
the outlook appears to be fairly hopeful, the chief 
exception being the Forest of Dean. If the present 
survey did no more than confirm or amend the 
results of those previous to it, however, it would 
hardly have justified the labour devoted to its com- 
pilation ; but in an important respect it goes much 
farther, by indicating the most important qualities 
of coal, and the remaining quantities, and thus 
indicating the possibility of changes in the kinds of 
coal to. be raised in the future in each field, and, 
consequently, changes in the markets that will con- 
tinue to be available. There is food for much 
thought in this report, although it is only a foretaste 
of a more detailed survey, still to come, and in 
general the main conclusions will be accepted, we 
imagine, without much dissent. In one respect, 
however, Sir Harold Hartley’s foreword seems to be 
somewhat out of touch with current events and 

xities, since he claims that the report not 


” 


only tells the collieries the exact nature of their | i 


products and the variations in quality in different 
parts of their areas, but tells the consumer “‘ where 
he can obtain the particular types of coal he 
requires.” It would be more correct, perhaps, to 
say that it shows him where these types are to be 
found ; not quite the same thing, but a more precise 
description of the position as it stands to-day. 


THE ComsustTion APPLIANCE MAKERS’ ASSOCIATION 
(Sorry Fvzt). 


Whether or not the comparatively optimistic tone 
of the report on coal reserves, referred to above, 
was assisting to maintain the cheerfulness of the 
Combustion Appliance Makers’ Association (Solid 
Fuel) in the face of present difficulties, the fact 
remains that, at their seventh annual luncheon, 
held in London on July 10, they seemed disposed 
to accept very philosophically the several reminders 
given to them that the date they had chosen was 
marked also by the transference to public ownership 
of the British coal industry. Mr. Emanuel Shinwell, 
M.P., the Minister of Fuel and Power, referred more 
than once to this notable event in proposing the 
toast of “The Association,” and other speakers 
likewise mentioned it. The Minister admitted 
frankly, however, that the success of the industry 
depended on many factors which he claimed to be 
outside of his personal control or that of the 
Government. He would go no farther in predicting 
the future than to say that, provided that the organi- 
ation set up to control the industry proved to be 
sound ; and provided that the technicians exhibited 
all the vision which they possessed ; and provided 
that the men in the industry would pull their 
weight and realise that they had been presented 
at last with the opportunity that they had awaited 
so long; and provided that the critics (“‘ of whom 
there are far too many ”’) recognised the exceptional 





difficulties surrounding the coalmining industry— 
then he hoped that, the nation. would emerge 
unscathed from next winter. He stressed the 
continued need for the highest efficiency in using 
solid fuel—a need that would persist, whether the 
coal resources of the country proved to be ample 
or not—and ended with the somewhat cryptic 
observation that it might be necessary to bring 
about some more intimate form of collaboration 
than at present between the Government and 
private enterprise to ensure that the best efforts 
of the technical brains available were properly 
developed. The toast was acknowledged by the 
chairman, Mr. J. Arthur Reavell (deputising for 
the President, Mr. 8. McEwen, who was prevented 
by illness from attending), who pointed out that 
the endeavours of the technical specialists in the 
Association to design apparatus for the highest 
efficiency were largely nullified if they could not 
depend on a regular supply of the kinds of fuel on 
which the designs were based. He hoped that the 
National Coal Board would keep this matter con- 
stantly in mind and would make special efforts to 
ensure to consumers of solid fuels a steady supply 
of the fuels which would give them the best results. 
The toast of “‘The Guests” was proposed by Mr. 
H. Christopher (vice-president) and responded to 
by Lord Hyndley, chairman-designate of the Na- 
tional Coal Board, who said that the Board would 
pay particular attention to the continuance of 
research on coal utilisation, being convinced that 
this was a paramount necessity. ° 


Forty Years or AUTOMOBILE ENGINEERING. 


The Institution of Automobile Engineers, held on 
Friday, July 5, at 148, Piccadilly, the headquarters 
of the Society of Motor Manufacturers and Traders, 
an interesting symposium to commemorate those 
members of the Institution whose work had markedly 
affected the development of the motor vehicle since 
the Institution was i : re 1906. Thedate 
of the symposium) and ‘its .’ ** Quadragenary 

ions,” sufficiently indi @ period of 
40 years was being reviewed. — proceedings 


commenced with a reception the President, 

Mr, Frank G. Woollard, , and a buffet 

peo ied which series of short ical 

ofl 

Woollesd vaedyh Se dicins ta jeee 
of the “ on ‘Act” of 1896 


to | emancipsted an industry which hed pre 
viously been in chains, the present year marked also 
the fiftieth anniversary of the foundation of the 


automobile industry. He then made a concise and 
lucid survey of the early attempts to develop self- 
propelled vehicles to run on common roads and 
commented on the fact that our forebears in this 
matter had been handicapped by inadequate ma- 
terials, insufficient and inefficient tools, and a worse 
than indifferent administration. It might be con- 
sidered, he said, that the choice of men connected 
with the industry and selected for. honourable 
mention was too limited, but it was impracticable 
to cover the whole field in # single meeting and the 
vignettes were selected as dealing with 
typical aspects of the industry. He concluded with 
an appreciative reference to the’ late Colonel Cromp- 
ton, the first President of the Institution, whose 
long life, from1845 to 1940, had covered a most 
important period in automobile history. The 
various ‘speakers then presented their papers on 
the personalities selected for commemoration. 
These were as follows, the names in brackets 
denoting the authors, Dr. F. W. . Lanchester, 
F.R.S., President, 1910-1911 (Lieut.-Colonel T. B. 
Browne, O.B.E., President,» 1912-1913); Lord 
Austin, President, 1930-1931 (Mr. L. P. Lord, 
represented by Colonel A. C. R. Waite, M.C., D.L.) ; 
Mr. Montague S. Napier (Major E. G. Beaumont, 
O.B.E:, President, 1927-1928) ; ‘Dr. T. Blackwood, 
Murray (Mr. H. W. Fulton); Sir Henry Royee, 
Bt. (Mr. A.G. Elliott, C.B.E.) ; Mr. L. H. Pomeroy, 
President, 1934-1935 (Mr. P. C. Kidner, President, 
1938-1943); Dr. H. Ricardo, F.R.S. (Major A. T. 
Evans); and Viscount Nuffield, C.B.E., F.R.S. (Sir 
Miles Thomas, D.F.C.). -An-epilogue of a general 
character was delivered by Mr. John Shearman, 
President, 1944-1945. 


Iron AND Sreev InstTrIruTe. 


A’ recorded in our columns at the time, an 
announcement, made at the 77th annual general 
meeting of the Iron and Steel Institute, on May 1, 
1946, was to the effect that the Council had decided 
to set up an Iron and Steel ineers’ Group of 
members of the Iron and Steel Institute. It was 
explained that the Group was intended to carry out 
the activities and functions of the Institute for 
engineers engaged in the iron and steel industry 
and in the design and manufacture of plant for the 
industry. As head of the Group, an engineering 
committee was to be set up, under the Council, and 
this would organise discussions and conferences, 
both céntrally and locally, on subjects of interest 
to members of the Group. Affiliated local societies 
would be asked to collaborate. The committee 
would also encourage the publication of papers 
on such subjects, and take such other action as 
was necessary to meet the objects of the Group. 
The engineering committee, it has just been 
announced, has now been formed under the chair- 
manship of Mr. W. F. Cartwright, A.M.I.Mech.E., 
of Messrs. Guest Keen Baldwins Iron and Steel 
Company, Limited. Thé other members of the 
committee are Mr. W. B. Baxter, of the Appleby- 
Frodingham Steel Company, Limited; Mr. W. R. 
Brown, D.S.O., of Messrs. Ashmore, Benson, 
Pease and Company, Limited; Mr. H. S. Carnegie, 
MLE.E., of the English Electric Company, 
Limited; Mr..M. Fiennes, of Messrs. Davy and 
United Engineering Company, Limited; Mr. E. T. 
Judge, of Messrs. Dorman, Long and Company, 
Limited; Mr. H. H. Mardon, B.Sc. (Eng.), 
M_Inst.C.E., A.M.I,Mech.E., of the British Iron and 
Steel Research Association; and Mr. L. 8. Septt- 
Maxwell, A.M.I.Mech.E., of Messrs. Colvilles 
Limited. Dr. C. H. Desch, F.R.S., the President, 
and the Hon. R. G. Lyttelton, the honorary treasurer 
of the Institute, are also ex-officio members of the 
committee. A first meeting of the Group will 
be held during the autumn and particulars of this 
will be- announced later. A circular inviting mem- 
bers of the Institute who are interested in engineering 
matters to join the Group will be issued shortly. 
Non-members interested should seek election to the 
Institute in the ordinary way, indicating their desire 
to join the Group on their application form. There 


_| will be no additional membership fee. 


Fan anp Attrep MANUFACTURERS’ ASSOCIATION. 


The second annual general meeting of the Fan 
and Allied Manufacturers’ Association, on Thursday, 
July 4, was preceded by an informal luncheon, at 
which the chair was occupied by Mr. Geoffrey Woods. 
The state of the Association,as regards both member- 
ship and finances, was sati . Mr. Woods 

that the members'were now able to {obtain 
official statistics of the volume of imports and ex- 
ports Wirectly concerning them ; previously the sta- 
tistics were included under the general heading of 
“ machinery.” Adherence toa code of practice by 
members of the Association would give their pro- 
ducts a “ hall-mark” and American fan manufac- 
turers had adopted such a practice. A motion was 
accordingly proposed and earried that a code cover- 


conditional on adherence to the new code. It was 
agreed also that standard conditions of sale should 
be adopted. Future prospects were dealt with in 
the chairman’s report, in connection with which it 
was stated that in a recent B.B.C. broadcast it 
was announced that the Supreme Allied Commander 
in Japan had worked out. an export programme 
for that country which wes designed to pay for 
its imports. One of the proposed exports from 
Japan was (10,000 electric fans. This matter 
had been taken wp with the Government in 
the interests of) British fan exports, though a 
satisfactory reply had not yet been received. 
The Association had been imvited to join the Co- 
ordinating Committee of the Federation of Colliery 
Equipment Manufacturers, and the Association had 
been re’ .at all. the meetings of that body. 
Mr. Geoffrey Woods, of Messrs. Woods of Colchester, 
Limited, was unanimously re-elected chairman of 





the Association for the third year in succession, and 
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the six retiring members of Council were re-elected. 
The office of the Association is at 46, Kingsway, 
London, W.C.2. 


THe SHEET AND Srrip Merat Users’ TEecHnicaL 
ASSOCTATION. 


The first annual general meeting of the Sheet and 
Strip Metal Users’ Technical Association was held 
at the Connaught Rooms, London, W.C.2, on Friday, 
July 5. Hitherto, the Association has been function- 
ing under the direction of a provisional council, 
the President being Sir Edward W. Salt, the chair- 
man Dr. G. L. Kelley, and the honorary secretary 
Mr. Alastair McLeod. The members of this Council 
who were confirmed in their offices by the results 
of the election, declared at the annual meeting, are 
Sir E. W. Salt, as President ; and, as members of 
Council, Dr. G. L. Kelley, Mr. H. W. Bowen, Mr. G. 
Colley, Mr. W. Cookson, Mr. W. S. Grainger, Mr. 
J. A. Graves, Mr. M. E. Guermont, Mr. Barrington 
Hooper, Mr. A. McLeod, Mr. A. Menmuir, Mr. W. 
Puckey, Mr. L. J. Tolley, Mr. E. 8. Waddington, 
Mr. R. Wall, Mr. W. E. Wright, and Mr. R. H. 
Taylor. The Council are to elect a chairman at 
their first meeting. In the course of the proceedings, 
Mr. McLeod announced that already the Association 
had enrolled some 200 member firms, and they hoped 
to increase this total considerably in the near future, 
as the assistance that they were able to give in 
solving technical problems of production became 
more widely realised. At the technical sessions 
which were held in the morning and afternoon, the 
following papers were presented: “‘ Metal Decora- 
tion, with particular reference to Anodic Oxidation,” 
by Mr. V. F. Henley; “‘Some Aspects of the 
Welding of Stainless Steels,” by Mr. J. A. McWilliam, 
M.A.; “The Electropolishing and Preplating of 
Steel Strip,” by Dr. W. F. Coxon, M.Sc., F.R.L.C. ; 
“* Phosphating Processes as a Pretreatment for Metal 
Finishing,” by Mr. H. A. Holden, M.Sc.; and 
“* Some Considerations in the Manipulation of Thin- 
Gauge Metal,” by Mr. J. A. Grainger. The Presi- 
dent, Sir Edward Salt, occupied the chair at the 
annual luncheon, the principal guest being Sir John 
Duncanson, President of the British Iron and Steel 
Federation, who responded to the toast of “ The 
Guests,” proposed by Mr. Barrington Hooper. 
The office of the Association is at 49, Wellington- 
street, Strand, London, W.C.2. 


RECONSTRUCTION OF THE City OF LONDON. 

On Wednesday next, July 17, the Improvements 
and Town Planning Committee of the London City 
Council will present an interim. report’ embodying 
a isi plan for the redevelopment of the 
City. It has been prepared by Dr. C. H: Holden, 
F.R.1.B.A., and Mr. W. G. Holford, M.A: , A.R.1.B.A. 
and contains proposals for the ing of, inter 
alia, the Billingsgate’ Market area, the Smithfield 
Market area, Mincing-lane, the environs of St. 
Paul’s Cathedral, and the river front along the 
Thames within the city boundary. Proposals that 
have been made to construct an upper-level viaduct 
along the line of Upper Thames-street do not meet 
with the approval of the Committee, who are of 
the opinion that this street could be widened suffi- 
ciently to meet all traffic requirements; neither 
are they prepared to recommend a viaduct over 
Charterhouse-street. It is proposed that the 
scheme should be planned for execution in two stages, 
occupying 30 years in all, with ‘a possible extension 
of time, and that the road system should be designed 
to permit the volume of traffic te be doubled by 
1975. Two new routes (the first to be undertaken) 
are suggested; one, west to east, from Falcon- 
square to London Wall, and the other, north to 
south, from Moorgate to a new road junction at the 
crossing of Cannon-street’ and Queen Victoria- 
street. Two arms of a special route, 80 ft. wide, 
are proposed to start from Holborn-circus and Ald- 
gate, respectively, meeting in‘a new forecourt and 
*bus station at Liverpool-street. Thames-street 
would be substantially widened, various proposals 
are put forward to deal with the problems of the 
food markets, and the precincts of St: Paul’s 
Cathedral would be opened out to Carter-lane and 
Paternoster-row. The treatment of the river front 
is designed to provide eventually pedestrian access 
along the greater front between Blackfriars and 
London Bridge. 





OBITUARY. 


MR. ASA BINNS. 

In a short paragraph on page 15, anie, we noted 
the death of Mr. Asa Binns, a past president of the 
Institution of Mechanical Engineers and president- 
elect of the Institution of Civil Engineers. It was 
not possible at the time to do more than record the 
fact, as we did not learn of Mr. Binns’s death, which 
occurred on July 2, at Newbury, until last week’s 
issue was being passed for press, but we give below 
an outline of his career, the termination of which, 
on the eve of his succession to the highest office in 
professional engineering, has caused widespread 
regret. 

Asa Binns was a native of Keighley, Yorkshire, 
where he was born on October 3, 1873, and received 
his general education at the grammar school in that 
town, also attending the technical school there from 
1887 to 1891. In the latter year, he entered the 
Yorkshire College, Leeds—now Leeds University— 
and remained there until 1893, when he commenced 
@ pupilage with Messrs. Tannett, Walker and Com- 





Photo: Lafayette, Lid. 


Tue Late Mr. Asa Brews. 


pany, hydraulic engineers, of Leeds, which he com- 
pleted. in 1896, obtaining a Whitworth Exhibition 
in the same year. His first appointment on leaving 
Leeds was at Ipswich, as a draughtsman with Ran- 
somes, Simms and Jefferies, Limited, and lasted 
until the end of 1897. Next he spent a year at 
Hull in a similar capacity on the staff of Mr. T. M. 
Newell, then the docks engineer there, leaving Hull 
to go to the Civil Engineer's Department of the 
Admiralty. He remained in the Admiralty’s service 
until 1906, serving mainly at H.M. Dockyard, Chat- 
ham, where he was chief draughtsman in the Works 
Department from May, 1901, to March, 1902, and 
Assistant Civil Engineer from 1902 to 1906. During 
this period, he was concerned with a variety of both 
civil and mechanical engineering work, including 
structural steelwork, the installation of new electric 
lighting and power plant, and the construction of a 
new sea wall. 

In 1906, Mr. Binns left the Admiralty to take up 
the post of resident engineer of the London and St. 
Katherine docks, then owned by the London and 
India Docks Company. On the formation of the 
Port. of London Authority in 1909, he was trans- 





ferred by the late Mr. Frederick Palmer, chief en- 
gineer of the P.L.A., to the Surrey Commercial | 
Docks as resident engineer, but in 1912 he returned | 
to the north side of the Thames as resident engineer | 
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in charge of the south extension of the Royal Albert 
Dock. Later, he was closely. concerned with the 
design and construction of the King George V Dock, 
which was opened in 1921 and on which he contri- 
buted a paper to the Institution of Civil Engineers ; 
and with the progressive re-equipment of the 
Authority’s dock system with up-to-date appliances ; 
much of the work for which he was responsible was 
described in a paper on the “ Recent Developments 
in the Mechanical Equipment of the Port of London 
Authority,” which he read before the Institution of 
Mechanical Engineers in 1932, and was reprinted on 
page 583 of our 133rd volume. In 1928, Mr. Binns 
was appointed Chief Engineer to the Authority, 
retaining that position until he retired ten years 
later, though he continued to act as their consultant 
and was associated similarly with Messrs. Rendel, 
Palmer and Tritton. 

Mr. Binns was, as indicated, a member of long 
standing in the Institutions of both Civil and 
Mechanical Engineers. He was president of the 
latter institution in 1940-41 and was to have suc- 
ceeded to the presidency of the Institution of Civil 
Engineers in the 1946-47 session. He was also a 
past-president of the Institution of Engineers-in- 
Charge, and a prominent member of the Whitworth 
Society ; and for a number of years he served in the 
Territorial Army, attaining the rank of Lieutenant- 
Colonel in the Engineer and Railway Staff Corps, 
Royal Engineers. Mr. Binns was held in high regard 
by a very wide circle of engineers of all kinds and 
ages, and some of his younger associates, in particu- 
lar, will feel that, by his death, they have lost a good 
friend who took a genuine and practical interest in 
their professional advancement. 


MR. S. E. BRITTON. 


WE also regret to record the death of Mr. S. E. 
Britton, which occurred at Chester on Tuesday, 
June 25, at the age of 70. Sydney Ernest Britton 
was educated at the City of London School, and 
subsequently served his apprenticeship with Messrs. 
Crompton and Company, Limited, Chelmsford. In 
1895, he joined the staff of the Southampton Cor- 
poration Electricity Department as chief assistant 
and, it may be mentioned, was present at the 
celebration of that undertaking’s jubilee earlier in 
the present year. In 1901, he was appointed 
engineer and manager of the Barking electricity 
undertaking, but a year later transferred to Mother- 
well in the same capacity, while in 1904 he became 
city electrical engineer and manager at Chester. 
He was due to retire from this position in 1941, but, 
owing to the difficulty of finding a suitable successor 
during the war, his services were retained and he 
was still actively engaged up to the time of his death. 


Mr. Britton was well known in electricity supply 
circles for his interest in the development of water 
power and especially for his whole-hearted advocacy 
of the extension of electricity supplies to rural areas. 
He was responsible for the erection of a hydro- 
electric station on the River Dee, from which the 
electrical requirements of Chester were partly sup- 
plied ; and for the investigation of the water-power 
resources of the same river between Chester and 
Llangollen for the Board of Agriculture and Fisheries. 
In 1921, he prepared a scheme for extending the 
supply of electricity from Chester into 62 square 
miles of rural area, and later the area thus supplied 
was increased by another 77 square miles. About 
the same time he prepared a scheme for setting up 
a Joint Electricity Authority for North Wales and 
Chester, and was responsible for the erection of one 
of the first 33-kV overhead lines in the country. 

Mr. Britton was elected an associate member of 
the Institution of Mechanical Engineers in 1903 and 
was transferred to the class of member in 1908. He 
was also elected an associate member of the Institu- 
tion of Electrical Engineers in 1902 and was made 
a member in 1909. He was chairman of the 
Mersey and North Wales Centre of the latter Insti- 
tution in 1928. For many years he had been a 
member of the Incorporated Municipal Electrical 
Association and served as president in 1924 ; he had 
also been a member of the Electricity Commissioners 
Conference on Electricity Supply in Rural Areas. 
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MAGNETISM AND THE TESTING 
OF MATERIALS.* 


EXPERIMENT shows that it is the poles which are 
mainly responsible for the force that a magnet can 
exert on other substances, and also that if such a 
magnet is broken up into small pieces the two ends of 
each piece will become respectively N and § poles. 
In order to understand both the quantitative and 
the qualitative effects it may be observed that the poles 
can be assumed to be coated with a magnetic quantity 
m which is regarded as being uniformly distributed 
over the end surfaces. This quantity m is called the 
pole strength. The mutual action between two isolated 
poles is defined by the well-known Coulomb Law 
mM, M, 

wr 
where r is the distance between the poles of which the 
respective strengths are m, and mg. 

The product of the pole strength and the distance 
between the two poles of a magnet is the “ magnetic 
moment” M. If this magnetic moment is divided by 
the volume V of the magnet then, 

M 

J= y’ 
where the very important quantity J is termed the 
‘intensity of magnetisation.” The magnet is assumed 
to consist of a large number of elementary magnets 
arranged in the form of chains such that the S pole 
of one is adjacent to the N pole of the next. The 
effects of the elementary magnets thus neutralise each 
other, in so far as the internal region of the magnet is 
concerned, while at the surface of the ends of the bar, 
the magnet poles are free to exercise their action. The 
quantity J is a measure of the extent to which the 


K = 


Fig.1. 





orderly arrangement is complete, and when all the 
elementary magnets are so arra a condition of 
‘saturation ’’ is reached, that is to say, the intensity 
of magnetisation reaches its maximum value Jmax. 
The chain-like arrangement results in the layer of free 
magnetism of the end surfaces, and consequently it is 
sometimes the practice to introduce the idea of the 
surface density of magnetism, viz., 
_™m 

> 
and this quantity is then easily shown to be identical 


with the quantity J, thus : 
2 M mdm _ 
aie ll «dsl 


where F is the surface area of each pole and d is the 
distance between the poles, that is, the length of the 
magnet. , 

If now it is assumed that a notch is made in the 
surface of this bar magnet, some of the chains will be 
broken and, in particular, the sides of the notch will 
exhibit free magnetism ; that is to say, magnet poles 
will develop there and these poles will be able to 
magnetise particles outside and to draw them towards 
the notch. The forces developed in this way can be 
calculated with the aid of the conception of the mag- 
netic field strength H and the “ susceptibility” k, to 
which reference will be made later. The magnetic 
force of attraction, due to the inhomogeneous magnetic 
field in the notch and acting on the foreign particles 
in the direction z is, 

p-ivuse. 
dz 


The phenomena described in the foregoing form the 
basis of what may be termed the ‘‘ magnetic powder 
suspension ” method of testing for flaws. 

The magnetic phenomena at points outside the mag- 
net will now be considered. Although the magnetic 





* Translation of article by R. V. Baud, Schweie. 
Tech. Zeitschrift, October 11, page 517 (1945). Abridged. 
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chains do, in fact, terminate at the poles of the magnet, 
it is possible to interpret the force in the neighbourhood 
of the magnet as though these chains were continued 
through the air so that eventually they form a closed 
cireuit. In order to consider this view in the most 
helpful way, such a closed magnetic chain can be 
regarded as a tube of force, and a magnet can be con- 
sidered as associated with a number of such tubes of 
force according to the degree to which the magnet is 
magnetised. 

The total number of tubes of magnetic force form 
the field of force in the neighbourhood of the magnet. 
Such a magnetic field of force may therefore be defined 
as the total space in which the force of a magnet can 
be detected. In order to study quantitatively the 
magnetic phenomena outside the magnet, the field 
strength H, at any place, is represented by the “ den- 
sity ’’ of the lines of force at that place. To make this 
procedure clear, an isolated pole will be considered, 
that is, one of the poles of a very long bar magnet, 
and the flux of force, that is, the number of lines of 
force, are arbitrarily defined as follows: from a N 
magnet pole of strength m, a flux ¢ emerges into space 
and comprises a total of 4 7m unit lines of force, and 
this same flux enters the magnet again at the S pole. 
The field strength at a given place is the force in 
dynes which a unit pole (i.e., m = 1) experiences when 
situated at that place. It can be shown that the 
two conceptions, viz., the number of unit lines of 
force which cross a surface of 1 sq. cm. area placed 
at right angles to the lines of force and the field strength 
as defined by the relationship, that a unit pole (m = 1) 
gives rise to 4 7 unit lines of force, can be summarised 
by saying that the field strength at any place is numeri- 
cally equal to the number of unit lines of force which 





cross 1 sq. cm. of the equipotential surface at that 








place. It follows, therefore, that the magnetic lines 
Fig.2. \ Fig.3. 
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of force give not only the direction of the field at each | 
point but also give the field strength as measured by | 
the density of the lines of force at that place. 

Assume now that a notch is cut into the surface | 
of the bar magnet, in consequence of which the magnetic 
field at that place becomes disturbed due to the fact | 
that—particularly at the’sides of the notch—-a number 
of lines of force will emerge. Depending upon the 
kind of notch, the number of lines of force produced 
in its neighbourhood in this way can be relatively very 
large. This local flux is termed “leakage flux” and 
provides a means for detecting the existence of such a 
notch. In order to obtain the requisite sensitivity 
and accuracy, it is desirable to use a so-c ** search- 
coil” to measure this flux, the principle of operation 
of this device being to cause the e flux to induce 
an e.m.f. in the coil. The magnitude of such an 
induced e.m.f. is proportional to the time rate of change 


(ie. st) 


to the number of turns in the coil. If, for example, 
the search-coil has only one turn, the area of which is 
1 sq. cm., and if the flux passes through the coil at right 
angle to the plane of the coil, then, if the quantity af 
is equal to one unit line per second (i.¢., one gauss 
per second), the induced e.m.f. in the coil will be one 
; 1 

electromagnetic unit, #.e., io volt. This method of 
detecting flows by a measurement of the leakage flux 
to which they give rise may be termed the ‘ induction 
method.” 

What has been said in the foregoing refers to a 

rmanent magnet. Since, however, the material to 

tested is not initially magnetised, and since a per- 
manent magnet would not produce the intensity of 
magnetisation necessary for the test, the process of 
magnetisation is usually carried out by electromagnetic 
means. 

So far, no special attention has been paid to the 


of the magnetic flux linked with the coil and 





magnetic quality of the material under test, and this 
will have a fundamental influence on the strength and 


nature of the magnetic phenomena on which the test 
depends. For example, other conditions being the 
same, the number of magnetic lines in steel may be 
1,000 times (or more) greater than in air. In order 
to explain this, a further conception has been intro- 
duced into the theory of magnetism, viz., the magnetic 
induction B, and the relationship of this quantity to 
the magnetic field strength H-is given by the equation 
B=y,H 
where y is the permeability of the material under test. 
If arrangements are made by which a magnetic 
intensity H, as homogeneous as possible, is impressed 
on a substance, and if this intensity can be adjusted 
at will, a certain intensity of magnetisation will be 
produced, and in the case of iron and the ferro-magnetic 
substances, this intensity can be verylarge. A further 
effect is that the value of this intensity will depend 
upon whether the magnetising force H is being increased 
or decreased—the ‘so-called “ hysteresis ” effect. 
Magnetically, all substances can be classified in one 
of three groups, viz., ferro-magnetic, diamagnetic and 
paramagnetic. For diamagnetic substances the suscep- 


tibility k= H is a small negative quantity, and for 


paramagnetic substances k has a positive value. The 
relationship between the susceptibility k and the 
permeability yu is 
p=l1+4e7k. 

For ferro-magnetic substance, the value of k is positive 
and, in general, is a large quantity, but its value 
depends upon the intensity of magnetisation J. Fig. | 
shows a typical magnetisation curve for a ferro- 
magnetic substance, and very important features of 
such a curve are the shape and the way in which it 
cuts both the ordinate and abscissa axes. Since the 


| values of the factors k, pmax., Imax.» the saturation 
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intensity, J,, the remanent intensity, and H,, the 
coercive force, are different for different materials, 
they provide the fundamental] basis for the testing of 
the magnetic quality and magnetic structure of such 
materials. 

If a material which comprises different substances is 
placed in a magnetic field, then at the surfaces of 
contact, interesting refraction effects of the magnetic 
lines of force take place at the surfaces of contact of 
the different substances, as shown in Figs. 2 and 3. 
Special attention is called to this phenomenon because 
it is, in general, advantageous for purposes of magnetic 
testi 


ing. 

It is a well-known fact that, in contrast with chemistry, 
X-rays and magnetism provide non-destructive methods 
for testing materials, which, fortunately, supplement 
each other, as will be clear from the following compari- 
sons. In Fig. 4, page 42, the material has an internal 
cavity, in Fig. 5, a superficial notch; in Fig. 6, an 
embedded piece of a foreign substance is shown with 
no cavity. In Fig. 6 (a) the embedded foreign substance 
has a magnetic quality considerably different from that 
of the main material, while its X-ray absorption is 
very little different from that of the main material. 
In Fig. 6 (5) the embedded substance is magnetically 
similar to the main block, but its power of X-ray 
absorption is much greater. In so far as the ability 
to detect flaws is concerned, it will be clear that this is 
closely associated with the physical characteristics of 
each method, Thus, the method of irradiation by 
X-rays is dependent upon the difference of absorption 
of different materials. Thus, if I, is the intensity of the 
incident beam, I that of the beam after penetrating a 
layer of thickness t, and a the absorption coefficient, 
then 


I=I,e~ *4 
If the beam penetrates several layers of respective 
thicknesses, t, ¢,, and of respective absorption coeffi- 
cients a,, &, then 
I= [e714 +4 +--+, 


The magnetic method of testing, on the other hand, 
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depends upon the different permeabilities of different 
materials. If, for example, there is embedded a 
foreign substance which has physical properties similar 
to those of the material under test, itis quite likely 
that the particular method of testing used’ will not 
discover the flaw. It would, however, be a very 
remarkable coincidence if such a foreign substance had 
such a complete similarity of physical properties that 
neither the X-ray method nor the magnetic method 
could detect its presence. 

It will be obvious that both methods of testing have 
their limitations. In the case of X-rays, it is frequently 
the irregularities of shape of the article under test 
which give the most difficulty. On the other hand, 
X-rays can be applied, within limits, to practically 
every kind of material. In the case of magnetic testing 
the position is different; the shape of the material 
under test is not such a formidable difficulty, but the 
method can, of course, be applied only to magnetic 
material. Since, however, iron and steel are essential 
parts of practically all structural materials, this limita- 
tion is not serious. It is to be observed that the 
explanatory details which have been given in the 
foregoing with respect to Figs. 4, 5 and 6, only refer 
to the technical features, no account of the costs being 
taken, and in this connection it may be said that the 
magnetic method is usually, out of all proportion, 
more favourable, especially when series of tests are to 
be made or when the investigation is concerned with 
very large objects. 

From the foregoing considerations it will be evident 
that the function of magnetic testing is mainly to 
disclose any serious departure of an iron or steel 
structure from a given standard of quality. The 
Pp of non-destructive methods of testing are: 
(1) to ensure that unsuitable or defective materials 
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shall either be excluded altogether or not be allowed to 

to advanced stages of preparation ; (2) to prevent 
defective material from being put into service ; (3) to 
ensure that flaws shall not continue to develop in service 
until their elimination becomes impossible or until they 
lead to a breakdown. Such testing should therefore be 
applied at each stage if the importance of the service 
of the finished article justifies this procedure, and also 
applied periodically as long as the article is in service. 

Just as important as the detection of the flaws them- 
selves is the assessment of their significance, and the 
important question arises whether, or ‘in which cases, 
a piece of material showing signs of flaws should be 
discarded in so far as its original purpose is concerned. 
In normal times, it is feasible to scrap material which 
shows even a slight tendency to develop flaws, or 
alternatively, to use such material for other and less 
exacting purposes. Under war conditions, however, 
such a procedure is only justified when it can be demon- 
strated that the defects will cause a serious reduction 
in the strength or life of the finished product, or on 
other important grounds. 

The point of view can be taken appropriately, how- 
ever, that any departure from the normal implies a 
change of strength, and the problem then becomes the 
systematic investigation of the magnitude of such 
departure in any particular case. Theory and experi- 
ment show that the greatest stress due to external forces 
occurs at the surface, and at the part of the surface 
which shows the greatest stress, i.e., where the curvature 
is a maximum and the radius of curvature p is a mini- 
mum, this maximum stress, cmax., is K times the value 
calculated from the elementary formula. 

Restricting the discussion to two typical causes of 
failure, namely, spherical cavities and surface cracks, 
then for a spherical cavity in a uniformly stressed body 
of any given form the following relationship holds : 


° 1 - 
and, fora value of Poissons ratio v = — 0-3, gives 


Ky, = 2°05. 











For a surface crack 


Ka=1+2,/! 
p 


where ¢ is the depth of the notch or crack and thus, 
for small values of p will give very large values of Ky; 
that is, very high values of the maximum stress. 
Such formulz as these only apply under the very impor- 
tant assumptions that either the material is homo- 
geneous or, when this is not the case, the radius p 
must not be less than a certain value. Since the 
former condition never appears in practice, the latter 
becomes the more important and implies that in all 
cases in which p is very small—and it is to be assumed 
that the magnitude of the crystal lattice is a measure 
of this—a new theory, differing from the classical 
theory of elasticity, is required for each range. 

Recently, H. Neuber has proposed the following 
connecting formula, 

K —1 


1+/f 
p 


where p’ denotes a constant of the material which 
converts the factor K into the effective value Keyy. 
Thus, the tougher the material the more significant his 
expression for K,7z, becomes, while for brittle material 
Kegg, <= K. Differing from Neuber, the author is 
of the opinion, that in addition to this special reduction 
from the theoretical to the effective eae the 
reduction already used by designers should also be 
taken into account, that is, for small values of p, 


Ky = 1 + Ke (Keyy, — 1) 
where K,, is the factor determining the notch effect. 


Kee, = 1 + 


Fig.5 
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The justification for this is that since the effective 
maximum stress is variable, the so-called notch- 
susceptibility K, is also variable. This method of treat- 


ment, which is particularly important from the point 


of view of fatigue effects, leads to the result, 


Ky, 
which can be termed the form rigidity, where o,,, denotes 
the strength of a smooth bar. 

This procedure for taking the quality of the material 
into account by the introduction of the factor p' and 
the notch susceptibility K, is undoubtedly of great 
importance and provides a new and interesting method 
of considering many observed effects. 

In many cases of discontinuity of form, p can be very 
small, as, for example, the curvature relationship at 
the root of a crack, and in accordance with the fore- 
going expression Ky, is then very large; for plastic 
materials, however, Kegs is relatively small, being of the 
order of 1 to 8 and K,, of the order of 1 to 6. 

Only in this way can it be explained that a material 
with a crack (even when it is dynamically loaded) is 
able to sustain the load for a surprisingly long period, 
which is a characteristic feature of fatigue fractures. 
A necessary assumption is that the body has a relatively 
large constant. p' and a relatively small value for the 
factor K,. Under these conditions, a crack reduces 
the strength by only one-quarter of the normai value, 
whereas a flaw consisting of a small spherical cavity is 
of no serious consequence and is more than covered by 
the usual] factor of safety. So far, these considerations 
have been limited to flaws in a highly-stressed member 
of the structure. The flaws may, however, exist in a 
lightly stressed part and, from the foregoing, it is then 
harmless. 


Cy = 


In the above discussion the position has been con- 
sidered from a rather optimistic point of view, because 
the tendency, in general, is to go to the other extreme. 
It can only be on the basis of a searching investigation 
in each particular case that a reliable decision can be 
reached as to the possibility of retaining a defective 
piece of material in service. Cracks, obviously, must 
mean the rejection of the material. 
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Intimately associated with the technical im nee 
of defective material is the economic aspect which the 
designer must always consider. Two examples will 
suffice to illustrate the far-reaching economic signific- 
ance of non-destructive methods of testing. In 
America and Canada magnetic tests are applied 
periodically to all the important operational parts of 
Class I railway equipment and, it is interesting to note, 
this has been not done with a view to economising 
material but in order to avoid any interruption of the 
service. Incipient fatigue cracks can be detected 
magnetically with complete satisfaction and in 80 per 
cent. of the cases they were located at a stage when it 
was possible to restore the part to service either tem- 
porarily or permanently by grinding out the flaw. 
Unfortunately, no further statistics are available, but 
it is obvious what importance such tests have for a 
great railway system. 

The second example refers to the wire ropes of 
hoisting installations, particularly as regards locked- 
coil ropes which for various reasons may have been 
withdrawn from service. If a satisfactory method for 
the non-destructive testing of such ropes could be 
devised the great economic value of obtaining the 
full useful life of a rope needs no emphasis. In this 
connection, it may be mentioned that the magnetic 
testing of important components of motor vehicles 
and aircraft was required by official regulations in 
Germany for some years before the war. 

Under suitable conditions, magnetism provides a 
rapid and inexpensive means for Dotocting flaws with 
sufficient accuracy for certain purposes, and in any case, 
magnetic methods are valuable for supplementary 
tests. It is necessary to point out, however, that 
certain sources of disturbance may give rise to magnetic 


effects which are not easy to interpret. Particularly 
Fig.6 
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prominent are the effects of variations in grain size 
due to cold-working and local heating, inclusions, 
internal stresses, and similar effects, which can simulate 
flaws although they are due only to structural abnorm- 
alities. Of special importance are all kinds of cold-work 
distortion, such as stresses set up by thread cutting, 
gripping the material with tongs, the use of hard gauges 
or measurement purposes, and some kinds of accept- 
ance tests. 





HYDRAULIC ENGINEERING AT IMPERIAL COLLEGE.— 
The Hawksley Hydraulic Laboratory at the City and 
Guilds College, Imperial College of Science and Tech- 
nology, South Kensington, S.W.7, was built in 1913, and 
since then has played an increasingly important part in 
the advancement of hydraulic engineering. Recently, a 
Chair of Fluid Mechanics and Hydraulics Engineering 
has been instituted by the University, and the post is 
to be occupied by Dr. C. M. White, who has directed the 
work.of the Laboratory since 1933. The increasing 
utilisation of water-power for the generation of electricity 
has shown the necessity for training British engineers 
to play their part in this expansion, and to encourage 
this, Sir George Nelson, the chairman and managing 
director of The English Electric Company, Limited. 
Queen’s House, Kingsway, London, W.C.2, has recom- 
mended his board to make a contribution of 2,0001. per 
annum to the work of this Department of the Imperial 
College. This contribution provides six bursaries each 
year for advanced study in the problems of water-power 
engineering, to be awarded to students who wish to 
specialise in this branch. The Department has been 
thus enabled to increase its full-time teaching staff, which 
will be strengthened still further by the part-time services 
of Dr. Charles Jaeger and other members of the staff of 
The English Electric Company, who are being lent for 
this purpose. The first awards will take effect from 
October, 1946, on the recommendation of a sélection 
committee of the College. 
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NOTES ON NEW BOOKS. 


Plumbing. By R. H. Wryprer, M.A., A.R.I.B.A. 
Longmans, Green and Company, Limited, 43, Albert- 
drive, London, 8.W.19. [Price 7s. 6d. net.] 

From the popular conception of the scope and mysteries 
of the craft which forms the subject of this book, 
it might be expected that any descriptive treatment 
would be as heavy as the material from which the art 
derives its name, but the author has managed to bring 
to his subject a lively and sustained interest with the 
brightness of a freshly made cut in that same material. 
This book, the last of a series on building crafts, has 
been written for the beginner, and the author has the 
knack of all good teachers of causing the student to 
ask his own questions, which are then answered fully in 
the appropriate place. From an introduction into the 
nature and scope of the work, the student is led through 
a brief but useful study of the chief materials employed 
and their uses, on to the numerous applications of 
external and internal plumbing, followed by that 
highly important branch of instruction, practical 
work. The practical chapter is short, but it covers the 
essentials in lead weeks and manipulation; in 
reality, however, the whole book is practical, for 
without a working knowledge of materials and methods, 
fixtures and fittings and trade practice, little progress 
can be made towards competency. matter is 
set out clearly with convenient tables showing custo- 
mary practice, and numerous line drawings of excellent 
quality. In brief, the book is easy to read, well 
illustrated and indexed, and reasonably priced for the 
purpose ig view. 

Building the Inner Circle Railway. Offices of The Rail- 
way Gazette, 33, Tothill-street, London, 8.W.1. [Price 
2s. 6d.) 

Tue construction of London’s “ Inner Circie ” railway 

was authorised by Parliament on July 29, 1864. The 

western section, from Praed-street to South a 

was the responsibility of the existing Metropolitan 

Railway and the southern portion was allotted to a 

new company, the Metropolitan-District Railway. 

Most of the line was made by the “cut and cover” 

method, and the work represented a civil i i 

contract of unusual interest as well as exceptional 

magnitude. It was noteworthy also in being one of 
the first undertakings of any size to be photogra 

systematically during construction, and this pamphlet, 
reproducing a series of photographs which belonged 
originally to one of the resident engineers, recently 
published in The Railway Gazette, forms a record of 
value both historically and photographically. Not the 
least interesting are the illustrations of the dummy 
house, 23, Leinster-gardens, Bayswater, built to 
preserve the appearance of a terrace and thoroughfare 
through which the railway rae ran at right angles. 

Incidentally, the construction of the line must have 

been one of the biggest bricklaying contracts ever 

undertaken ; it would be interesting if the ar 

ing let had mentioned the rate at which t 

bricks were laid and the earnings of the bricklayers. 


Elastomeric Engineering. Second edition. The Andre 
Rubber Company, Limited, Hook Rise, Tolworth, 
Surrey. [Price 2ls. to private purchasers; gratis 
to engineering firms.) 

Wak-TImME production of munitions has made an 

increasing number of engineers familiar with the use 

of rubber anti-vibration mountings for machinery and 
instruments. The durability and successful perform- 
ance of this type of component under rigorous conditions 
of service and severe restrictions of space are among 
the consequences of skilful design and control at every 
stage of manufacture. In particular, the production 
of a range of natural and synthetic rubbers within 
close limits as regards physical properties, and the 
scientific development of rubber-to-metal bonding, 
have played an important part in establishing the 
reliability of rubber as an engineering material. The 
Andre Rubber Company have specialised for many 
yeats in these aspects of applied rubber technology, 
for which they have coined the term “ elastomeric 
engineering,” and which they describe in this hand- 
somely produced and well illustrated book, intended to 
exemplify the use of rubber-bonded-to-metal elements 
over a wide field of mechanical engineering. Appended 
accounts of the peculiar qualities of different rubber 
substances, of the appropriate compounding and 
processing operations, and of the methods and instru- 
ments used for testing raw materials and finished 
products, contribute to make this second edition of an 
already well-known book much more than a mere 
advertisement ; indeed, its compilers can claim with 
justice that it will prove stimulating and instructive. 

The book is available, without charge, to administrative 

engineers, desigrers and leading draughtsmen whose 

applications are made on business notepaper and state 
their tion in their firm; and a limited number 
of copies are available for sale to private purchasers. 





LABOUR NOTES. 


At the maritime session of the International Labour 
Conference which was held recently at Seattle, resolu- 
tions were adopted in favour of (1) a minimum wage 
of 16/. a month for seafarers ; (2) twelve days’ annual 
holiday with pay; (3) the certification of ships’ cooks 
to ensure a higher standard of messing ; and (4) con- 
ventions on (a) pensions for seamen ; (b) better accom- 
modation for crews; (c) medicalexaminations forseamen ; 
(d) certificates for able seamen; and (e) recommenda- 
tions on training for sea service and supplies of bedding. 
Four delegates attended the conference from each 
country having a merchant marine, two representing the 
Government, one the shipowners, and one the employees. 
The resolution on holidays with pay was adopted by 
78 votes to 16. 





The National Committee of the Amalgamated Engi- 
neering Union, at one of its meetings in Blackpool last 
week, unanimously adopted a resolution which, in effect, 
called for either drastic revision of the existing proce- 
dure for avoiding disputes or a new agreement on the 
subject with the employers. The executive, in response 
to it, promised to examine the terms of the existing 
agreement and to report a year hence on proposed 
amendments or new proposals. Several important 
unions besides the A.E.U. are, of course, parties to the 
procedure agreement and will have to be consulted. 





A five-day 42}-hour week was experimentally intro- 
duced last week in the hat-manufacturing trade of 
Stockport, Hyde, Denton and Bury, under an agree- 
ment between the employers’ organisations and the 
trade unions. It is to last for six months, and its 
renewal is, apparently, to be dependent on the effect 
of the shorter working week on production. One week’s 
paid holiday a year, with breaks in addition at Christ- 
mas, Easter and Whitsuntide, have also been agreed 
to. In future, there will be no work on Saturdays. 





Six organisations of professional workers have asked 
the Prime Minister to receive a joint deputation on the 
question of equal pay. They are the British Medical 
Association, the staff side of the Civil Service National 
Whitley Council, the National Association of Local 
Government Officers, the National Federation of Pro- 
fessional Workers, the Medical Women’s Federation, 
and the National Union of Teachers. 





According to the Manchester Guardian, 21 trade 
organisations which are not affiliated to the Trades 
Union Congress decided, at a meeting in London last 
week, to form a federation of ind dent trade unions 
with a constitution forbidding political affiliation. A 
delegate conference is to be held in October, at which, 
it is expected, more than 100 unions will be repre- 
sented, and at which the officials of the new organisa- 
tion will be appointed. The combined strength of the 
unions is claimed to be over 200,000. 





The unions represented at last week’s meeti 
included, it is stated, the National Passenger Workers’ 
Union, the National Union of Women Civil Servants, 
the Press Photographers’ Association, the Inventors’ 
Union, the Union of Railway Signalmen, the National 
Union of Aircraft Workers, the Electricity Supply 
Workers’ Association, the i i Craftsmen’s 
Guild, the National Federation of Operative Pa nters, 
the Independent Road Transport Workers’ Associa- 
tion, the Ulster Transport and Allied Operatives’ 
Union, the Amalgamated Steam-Trawler Engineers’ 
and Firemen’s Union, and the Green Badge Taxi-cab 
Drivers’ Union. 





Sir Joseph Hallsworth, who presided at the annual 
conference of the Trades Union Congress Non-Manual 
Workers’ Advisory Council, in London last week, said 
that trade unionism had made very great progress in 
recent years among salaried and professional persons. 
On a report indicating that some non-manual workers 
were still faced with the menace of company unions 
and the continued opposition of employers to trade 
union recognition, Mr. G. H. Elvin (Association of 
Cine-Technicians) said that company unionism was 
strong in the B.B.C, Discussions were proceeding, the 
chairman reported, between the T.U.C. and the Govern- 
ment on the references to negotiating machinery in 
certain Bills now before Parliament. The conference 
was also told of meetings which have taken place with 
he Minister of Labour and National Service on the 
u bject of abolishing fee-charging employment agencies. 





Nationalisation of the country’s transport systems 
was discussed by more than one of the speakers at 
last week’s annual conference of the National Union of 








Railwaymen, although nobody seemed to have any 








very clear idea of the character or scope of the Govern- 
ment’s prop ‘als. The President, Mr. J. E.. Binks. 
said, in his opening address, that he weleomed the 
idea of linking up the roads with the railways, that the 
union would press for some form of control over 
charges and types of coastal sea traffic, and that it 
would seek reassurances, when the proposals were being 
drafted, on the subject of the inclusion of employees’ 
representatives on national and regional boards. 
Compensation would also be insisted on for displaced 
staff. There must be, he declared, no Governmental 
subsidising of the industry and we must remember 
that, in the ultimate, we can only expect to get out 
of the industry what we put into it. 





Supporting a resolution which re-affirmed the 
N.U.R.’s “long-standing faith in nationalisation,”’ 
and urged the members to assert their right to take 
part in the running of industry, Mr. Benstead, the 
general secretary of the union, asked the Government 
to make the transfer to public ownership as speedy as 
possible. He also asked that those on whom the 
responsibility for running the industry would fall 
should handle the 140,000,000/. standing in the trust 
funds of the four main-line companies representing 
arrears of maintenance accumulated during the war. 
“We must not,” he said, in conclusion, “treat a 
nationalised industry as a sort of milch cow for wages. 
rates and conditions. The prime consideration must 
be to give the maximum of efficient service to the 
community.” 





The cotton spinning industry (including waste 
spinning and doubling mills) is to be withdrawn from 
the scope of the Essential Work Orders on or about 
September 30, and it is proposed by the Ministry of 
Labour and National Service to make a draft Order 
revoking the Essential Work (Trawler Fishing) Order, 
1943, from that date also. Individual undertakings 
affected will receive at least a month’s notice of 
de-scheduling. 


Mr. Isaacs, the Minister of Labour and National 
Service, stated in the House of Commons last week 
that the question of revising the basis of the cost-of- 
living index was being referred to the Advisory 
Committee which had considered the matter in the 
past. The committee, he added, was being recon- 
stituted. 








Early last year, the Union of South Africa Govern- 
ment appointed a Commission of five members to 
investigate and report on technical and vocational 
education. Particular attention, the terms of reference 
stated, was to be paid to the following points: (1) The 
most suitable methods of training for industry having 
regard to the role of apprenticeship and learnership 
in such training and the providing of facilities therefor ; 
(2) (a) Whether and to what extent greater provision 
should be made than at present for instruction of a 
vocational character in the curriculum of primary and 
secondary schools which provide educational facilities 
of a general character; (b) The scope of the vocational 














and technical instruction which should be given in 
educational institutions established for that specific 


purpose, 


A third point to which particular attention was to 
be paid by the Commission was the parts that should 
be played, by the Union and Provincial Education 
Departments, respectively, in the matter of vocational 
and technical education having regard to (a) the func- 
tions, on the whole, of technical colleges as they have 
developed as institutions of higher education under 
Act No. 30 of 1923; (6) the relationship between the 
work of the vocational schools of the Union Education 
Department and that of the technical colleges, in so 
far as they fall within the field of secondary education 
on the one hand and the ordinary secondary education 
activities of the Provinces on the other; (c) the rela- 
tionship between the work done at the vocational 
schools of the Union Education Department and that 
done at technical schools in so far as it is of the same 
general character ; (d) the desirability of co-ordinating 
the various activities mentioned. (4) Any financial 
difficulties arising. 








In the five years during which the Soviet Decree of 
October 2, 1940, concerning the training of labour 
reserves operated, 2,250,000 young persons were trained 
in the different types of vocational schools, and then 
directed into the most important branches of industrial 
production—600,000 to defence undertakings, 310,000 
to rail and water transport, 250,000 to metal trades, 
180,000 to coal mines, 70,000 to the oil industry, and 
200,000 to the building trades. The labour reserve 
directorates made every effort to send the young 
workers to industrial centres in large groups. Thus, 
27,000 were sent to Magnitogorsk and 20,000 to the 
Donetz Basin after its liberation by the Red Army. 
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SOUTHERN RAILWAY ‘‘ MERCHANT 
NAVY ’’ CLASS LOCOMOTIVES.* 
By 0. V. S. BuLiEm. 

(Concluded from page 24.) 


THREE separate cylinders are used as being more 
readily cast in the foundry and more convenient to 
machine. They are not in line, the inner cylinder 
being behind the outer cylinders and higher in the 
frames. All three cylinders drive the intermediate 
coupled axle. The outside cylinders are shown in Figs. 
1l and 12, opposite. The incoming steam enters the 
casting at the top flange leading to the cored pipe 
feeding the steam chests at each end. The total 
volume of this pipe and the two end steam chests is 
2-6 cub. ft., or 105 per cent. of the cylinder volume 
at the full cut-off of 70 per cent. The port area is 
36-8 sq. in., opening to an area of 254-5 sq. in. 
through the cylinder barrel. The clearance volume is 
9-8 per cent. The exhaust port through the valve is 
40-7 sq. in. in area and discharges directly into the 
valve cavity between the two valve heads. It 
through the exhaust pipe flange in the case of the out- 
side cylinders, to be taken by a fabricated external 
exhaust pipe to the centre casting, where the three 
exhausts join under the common blastpipe. The 
cylinder castings have been simplified by this arrange- 
ment. Attention is called to the symmetrical arrange- 
ment of the cylinder and valve chest and the very 
direct A noticeable feature of these engines 
in service is the cleanliness of the valves, steam chests, 
and pistons, and the ease with which the- piston valves 
ean be withdrawn for examination. The piston speed 
at 60 m.p.h. is 1,090 ft. per minute. The inside con- 
necting rod has 8-ft. centres and the outside rod 11-ft. 
centres. 

The steam locomotive, as regards the lubrication of 
its moving parts, has remained unchanged since early 
days, but it has become desirable to enclose as much 
of the motion as possible so that it can be lubricated 
continuously by flood lubrication, instead of by the 
driver with his oil feeder. The parts may be less 
accessible if enclosed, but if the results desired, namely, 
no attention between general repairs, reduced wear, 
and freedom from heating, were achieved, this would 
not matter. The problem is complicated by the 
relative movement of the frame to the crank axle, and 
especially so in the case of an engine with an inside 
crank axle. In the engine in question, not only was 
it decided to enclose the three sets of valve motion, 
but also the middle connecting rod, crosshead, slide 
bar and crankpin. Moreover, the three sets of valve 
gear had to be located between the frames. This 
meant that the inside piston rod and the three valve 
guides had to be taken through the leading end of the 
casing or sump. The arrangement of the enclosure is 
shown in Figs. 13 and 14, opposite. 

Flood lubrication was adopted as being simpler 
when oscillatory movements are involved. Two 
reversible gear pumps of normal design draw oil from 
the sump and force it through distributing pipes, from 
which it is discharged over the moving parts. As the 
middle big end tends to throw oil off during the upper 
half revolution, it was fitted with a tundish which 
collects the oil during the lower half revolution and 
retains it during the upper. The forked type of big 
end is used, as with this design the brasses are well 
supported and the oil ways are more conveniently 
arranged. The back brass too forms a useful oil holder. 
Baffles were fitted to prevent oil escaping where the 
crank axle passes through the casing. Steam or water 
vapour was prevented by a gland from entering the 
casing along the piston rod. The oil is filtered before 
it is distributed to the metered delivery pipes, and is 
drawn through a sieve by the pumps. The pumps are 
chain driven from the valve crankshaft and deliver 
oil at 20 lb. per square inch pressure. The sump holds 
40 gallons of oil. The specifications of the oil used for 
the enclosed lubrication system and the standard 
lubricating oil used by the railway company are given 
in Table I. The special oil is of the non-emulsifying 
mineral type, and contains anti-corrosion and anti- 
oxident inhibitors. At first, trouble occurred due to 
the pumps becoming choked with fluff from: cleaning 
cloths, ete. Leakage of oil from the sump was also 
considerable at first, but this loss has been reduced 
and the consumption is now reasonable. It has been 
found that the faces of the detachable parts of the 
sump have to be very rigid so that the joint is not 
distorted when tightened. Finality, has, of course, 
not been reached, but definite progress has been made 
towards the ideal of an automatically lubricated loco- 
motive. As it is, the number of points to be oiled by 
feeder has been reduced from 92 to 31. The middle 
big ends have run very well, and only two cases of 
overheated middle big ends have occurred in 1,400,000 











* Paper read before the Institution of Mechanical 
Engineers under the title ‘‘ Some Notes on the ‘ Merchant 
Navy ’ Class Locomotives of the Southern Railway,” on 
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miles. The outside crankpins are 6} in. in diameter 
by 64 in. long, the inside pin being 9} in. in diameter 
by 6} in. long. The ing and trailing coupled pins 
are 54 in. in diameter; the driving pins are 7} in. in 
diameter. All are 4-8 in. long. 

The axleboxes were not included in the pump 
lubrication system as they present conditions peculiar 
to themselves. They are lubricated from oil boxes 
with worsted trimmings carried on the cab faceplate. 
A desirable feature in such an arrangement (when 
plug trimmings are used) is the venting of the oil pipe 
round the worsted trimming. The oil pipes are fitted 
with broken syphons at the delivery points to ensure 
the pipes remaining full of oil. The guides and wheel 
hubs are lubricated from the same boxes. The merit of 
the system is that the axleboxes can be given oil 
before the engine moves ; the drawback is the piping 
involved. The vented oil pipes with broken syphons 
at the boxes have proved successful and little trouble 
has occurred with axleboxes, the number of hot boxes 
during 1944 being one per 195,000 miles. 

No existing valve motion could be accommodated 
satisfactorily in the very restricted space available. 
Moreover, it was desirable to keep down the unsprung 
weight of the driving crank axle; and, should it be 
necessary to remove the driving axle, as little of the 
sump as possible should be disturbed. The new valve 
gear used on these engines was therefore invented, each 
piston valve being operated by an independent set 
of motion. The three sets of gear are operated by a 
three-throw secondary crankshaft. Each throw of this 
secondary crankshaft oscillates its quadrant link by a 
vertical connecting rod pinned to an arm extended 
backwards from the link ; at the same time, it recipro- 
cates the foot of the combination lever by a horizontal 
link pinned to the big end of the vertical connecting 
rod. The quadrant link operates the upper end of the 





combination lever in the usual manner. The combined 
TABLE I. 
| | 
| Special Oil | Standard S8.R. Oil 
— | for Enclosed as used for Open 
| System. Motion. 
re eee oe | ars | 
Type of oil .. Mineral ‘Mixture 85 per cent. 
filtered dark miner- 
aland 15 per cent. 
rape. 
Colour “a eee bat Red 
Specific gravity at 60 deg. F. 0-881 Not to exceed 0-930. 
Viscosity at 70 deg. F. . 716 sees. | 1,350-1,400 sees. 
Redwood Redwood. 
Viscosity at 140 deg. F. .. 111 sees 145-155 secs. Red- 
Red wood wood. 
Flash point 395 deg. F. Not below 380 deg. F. 
Setting point Fluid at | Fluid at 20 deg. F. 
20 deg. F. | 





motion is conveyed through a plunger working in a 
guide by the valve rods to the valve operating rocker 
shaft. The three-throw crankshaft has to be revolved 
in phase with the crank axle and though a gear drive 
was considered, it was abandoned in favour of the silent 
rocker chain drive shown in Figs. 13 and 14. 

Provision has been made for the frame to rise 2 in. 
and fall 14 in. relatively to the crank axle and for this 
axle to move sideways as much as } in. from its mid- 
position. By locating a layshaft 4 ft. from the crank- 
shaft centre, the maximum rise of the frame meant a 
lengthening of the hypotenuse by 0-04 in., a negligible 
amount in a chain 11-8 ft. long consisting of 118 links. 
The layshaft, in turn, drives the three-throw crankshaft 
by a second chain. As the chain wheels are equal in 
diameter the three-throw crankshaft is driven truly in 
phase with the crank axle. The power required to over- 
come the frictional resistance of an 11-in. piston valve not 
under steam pressure and cold, was foun‘ experimentally 
to be 3 h.p. at 300 rp.m. As there were no data as to 
the behaviour of chains under locomotive conditions, 
nor as to the maximum load the chain might have to 
transmit, nor as to the effect of snatch, a chain 2 in. 
wide was fitted. This chain will transmit 75 h.p. at 
a chain speed of 130 ft. per minute. The weight of the 
toothed wheel secured to the axle is 125 Ib. and half 
the weight of the chain is 30 Ib., a total of 155 Ib. 
Three eccentrics plus the portion of the eccentric rods 
carried by the axle would have weighed 1,281 Ib., so 
that the new drive reduces the unsprung axle weight 
by 1,126 Ib. 

The valve motion is shown in Figs. 13 and 14. The 
throw of the three-throw crankshaft, for convenience of 
layout, was made 4} in. As the valve travel is 6} in., 
the rocker shaft in the exhaust cavity has unequal 
arms, the driving arm being 22% in. for the inside 
cylinder and 2%} in. for the outside cylinders, and the 
driven, 8-in. centres. Figs. 13 and 14 show that the 
lengths of the levers of the valve gear relative to the 
throw of the three-throw crankshaft are good and the 
angularity small. The valve events obtained are excel- 
lent. The steam lap is 1} in., the steam lead is } in. 
and the maximum travel is 6} in. The valve motion 
itself has given no trouble and has one ially com- 
mendable feature in that the valve events remain 
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A point that was considered was the effect of slack- 
ness in the chain. Assuming a sag of as much as 3 in., 
the design of the rocker chain is such that most of the 
sag under load is absorbed by the rise of the rockers 
up the teeth. Only the small remainder affects the 
valve events, which will be delayed. This can be cor- 
rected by altering the cut-off. The chain drive has 
behaved well, in spite of the many misgivings the use 
of chains gave rise to, and no chains have broken to 
date. 

For locating motion pins, etc., Circlips of both 
internal and external types are employed in place of 
conventional methods using taper pins or washers and 
split pins. The Circlip, designed so that the moment 
of inertia of the cross-section at any point is proportional] 
to the bending moment at that point, can be removed 
and replaced without detriment to its material. This 
application, new to locomotive practice, has proved 
satisfactory in service, no failure of a Circlip having 
been reported. The total number used, in all positions, 
is 99 per engine. 

In these engines a new method of operating the 
piston valves had been introduced, each pair of piston 
valves being driven by a rocker in the exhaust cavity. 
No valve spindles are used and so the glands are sup- 
pressed and with them the objections to outside admis- 
sion. The rocker is arranged across the cylinder, and 
when uncoupled the arm in the exhaust cavity drops 
clear to allow the piston valves to be withdrawn. The 
arrangement is shown in Figs. 13 and 14. Piston 
valves 11 in. in diameter are fitted, which, in conjunction 
with large steam chest liner port areas, give an improved 
steam distribution. The weight of one piston valve 
complete with the two heads is 99 lb.; it is illustrated in 
Figs. 15 and 16, opposite. The piston valves have given 
no trouble and the wear of the rings is much less than 
usual. Trouble was experienced with the first engines 
in the early days through the breaking of the driven 
arm of a piston valve rocker shaft of the middle cylin- 








unchanged in service, the engine keeping its regular beat. 





ders. The middle cylinder as first made did not incor- 
porate any balancing passage between the two steam 
chests. The front steam chests were fed by a 6-in. 
pipe from the 7-in. pipe to the left cylinder, and the 
back by a 6-in. pipe from the 7-in. pipe to the right 
cylinder. It was expected that the pressures would 
equalise through the header. Dr. H. L. Guy suggested 
it might be due to a sudden rise in pressure at the 
moment the valve uncovered the port to admit steam 
to the cylinder, resulting in a pressure difference on the 
two valves. 

An indicator diagram taken from the forward steam 
chest showed that the steam pressure was not steady 
but varied continuously, though without any violent 
differences. It was argued that if the variations in the 
two steam chests did not coincide in point of time, 
there would be a difference in load on the two piston 
valve heads and this difference, if large, would throw 
a heavy load on the driven crank. An external balanc- 
ing pipe was fitted and no further trouble was experi- 
enced. The middle cylinders now incorporate two 
balancing passages each 12-6 sq. in. in cross-sectional 
area, cast in the cylinder block connecting the two 
steam chests. The lubrication of the valve rockers is 
by holes drilled axially through the levers and links. 
The results have been satisfactory. 

The gear is reversed by steam. The objection to 
steam reversing gears frequently expressed in the past 
was found to + due to the steam-operated gear not 
remaining set. oil passages are provided from 
the filling plug to the ends of the hydraulic cylinder, 
which constitutes the damping and locking device. 
Creeping was due*to the hydraulic cylinder not being 
completely full of oil. This was traced to air bubbles 
entrap when filling, giving a false indication that 
the cylinder was full, and since attention has been 
given to the filling pipes and passages to prevent 
air being entrapped, the cylinders can be filled right 
up. The gear will now remain in the position at which 
the driver sets it. 

A departure from traditional practice is in the 
wheel centres used throughout these engines and 
tenders. The usual locomotive wheel consists of a 
cast-steel spoked centre on which is shrunk a rolled- 
steel tyre. When the rims of spoked wheels in the 
shops for re-tyring are examined, flexing between the 
spokes is revealed by the condition of the rim and 
the inside of the tyre, resulting in fretting corrosion 
of the tyre. The stresses set up in a rim when a 
tyre is shrunk on were investigated by polarised light 
on celluloid models in the laboratory at Ashford, and 
showed great variation from spoke to spoke. A loco- 
motive wheel has not only to carry the vertical load 
but has to have considerable lateral strength to support 
the heavy thrust of the flange against the rail when 
taking curves. Lightness, too, is important to keep 
down the kinetic energy and unsprung weight. 

Eventually, with the collaboration of Messrs. Thos. 
Firth and John Brown, the cast-steel wheel known as 
the B.F.B. type was evolved. Under polarised light 
the models showed that the stresses in the rim inside 
the tyre had been equalised. The construction of the 
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centre is seen in Fig. 1, page 21, ante. It will be 
noted that the plate or web is in panels, the rim 
being continuous. The lightening of the wheel hub 
will be noted. These driving wheels are very strong 
laterally while at the same time they are 10 per cent. 
lighter than the spoke type. 

The drive through the tyre depends entirely on the 
grip of the tyre on the centre. The simple arrangement 
shown in Fig. 17 was adopted instead of the Gibson 
fastening, and the area of contact between rim and 
tyre is increased. A high-tensile alloy-steel tyre was 
adopted in order to obtain maximum wearing qualities, 
this alloy being nickel-molybd chromium steel 
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having an ultimate tensile strength of 63-69 tons per 
square inch, with an elongation of 8-10 per cent. on 2 in. 
The tempering temperature is 600 deg. F., and the 
tyres have to be heated to 450 deg. F. to expand them 
sufficiently for the projecting lip on the inside of the 
tyre to pass over the driving wheel rims. To heat these 
special tyres no more than was essential, but as uni- 
formly as possible so as not to affect their temper, the 
method of heating hitherto in use in the workshops 
was discarded and instead of holding the tyre stationary 
inside the heating shoes, it is placed on a faceplate 
continuously revolved, through gearing, by an electric 
motor inside the stationary gas-fired heating shoes. 
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The heating is timed to prevent the temperature being 
raised too quickly, and uniform heating is now ensured. 
Special care is taken in measuring the centre diameter 
and tyre bore to prevent any excess over the shrinkage 
allowance laid down. This design of wheel centre and 
tyre fastening has been wed throughout these engines, 
and has proved entirely satisfactory. The new type 
fastening is more effective in preventing tyre slip. 

The main frames are shown in Figs. 18 and 19, 
on page 46. The plates are 1} in. thick and 3 ft. 114 in. 
at their greatest depth. The shape of the horn sheets 
above the boxes should be noted; the large radii 
were chosen to reduce concentration of stress at the 
corners. No holes are drilled here as it is the place 
where cracks usually develop, and wedges are not 
fitted. In addition to the usual horn stays, the cross 
stretchers in front of the leading coupled wheel, between 
the leading and driving, and the driving and trailing 
coupled wheels, have been to reinforce the 
horn stays by being bolted to the horn sheets as well. 
The forward stay provides the support for the main 
brake shaft. The stay between the leading and driving 
coupled wheels also supports the three-throw crank- 
shaft and the layshaft of the chain drive. The top 
cross stay over the leading coupled axle carries the 
middle cylinder slidebar, three valve plunger guides 
and the boiler front holding-down bracket, additional 
cross braces ing the links and the reversing weigh- 
bar shaft. Forward of the cylinders is a plate cross 
stay and at the leading end there is a buffer plank, 
suitably gusseted to the main frames. 

The trailing ends of the frame are bolted tothe cast- 
steel dragbox and to the substantial steel casting 
behind the trailing coupled wheels, this stay carrying 
the trailing spring hanger bracket, the anchorage for 
the trailing truck pin, and supporting the boiler. In 
view of the wide use of welding it may be asked why 
cast-steel frame stretchers were used. Up to the time 
the orders were placed steel castings were readily 
obtamable, were thoroughly reliable, and could be 
expected to be cast to close limits. Welders were not 
available in sufficient numbers. The castings as 
delivered were heavy and much work had to be done 
tolighten them. This drew attention to the advantages 
of fabrication by welding where suitable in the con- 
struction of the main frames. In the smaller editions 
of the Merchant Navy engines now under construc- 
tion all stretchers are fabricated, pressings being incor- 
porated in them where possible to reduce the amount of 
welding. 

The leading bogie is similar to the bogie under the 
**Lord Nelson” engines. It has helical springs, 
124% in. free length by 5} in. in diameter, Timmis 
section. The side control springs have an initial load 
of 3 tons and at full travel of 3} in.,a maximum load 
of 44 tons. The bogie axles are 6} in. in diameter by 
10% in. long. The coupled laminated springs for the 
driving axles have 4 ft. centres, 20 plates, 5 in. wide and 
ye in. thick. The trailing truck, illustrated in Fig. 20, 
on page 46, is pivoted at the frame stretcher forming the 
inside boiler support, and is loaded through supports 
placed behind the axle centre line and fixed to the truck 
frame, which is free to move transversely on slides 
attached to extensions from each side of the dragbox. 
The frame is a single steel casting which houses beneath 
the points of support the springs controlling the side 
movement. These control springs are initially loaded to 
1 ton, with a total load of 2 tons at the maximum throw- 
over of 54, in. The bearing springs are of the coil type 
having the following characteristics :—free length, 
1 ft. 4 in. by 6 in. in diameter, Timmis section ; length 
in position, 1 ft. 2} in. with a load of 4 tons ; deflection 
per ton, y% in. They are connected by crossbeams 
supported from the axleboxes which have Boe designed 
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INTERIOR OF CAB. 


20 tons 10 cwt. The capacity is 5 tons of coal and 


provides a convenient place for the firing irons. A glazed, parts are not counterbalanced. Tests over Barnes be checked easily. The weight of the tenders empty is 


door is provided to prevent wind blowing into the cab. 

If it be assumed, with a three-cylinder simple- | 
expansion locomotive with all cylinders driving the | 
same axle, that :—{a) the weight of each set of recip- | 
rocating parts is about the same; and (b) the angles 
between the cranks approximate to 120 deg., then the 
crank axle is in balance in itself and the reciprocating 
parts need no counterbalance weights. There will then 
be no hammer blow. Such assumptions are the more 
reasonable when dealing with locomotives weighing 
nearly 100 tons. In these engines, the reciprocating 
parts have been made as light as possible and are not 
balanced. The rotating masses, on the other hand, are 
balanced completely in the wheels. The crank axle’ 
is built up, but the crank webs are not extended as had 
been usual in recent practice. The result was to save 
deadweight as the extended web would have weighed 
490 Ib. per web, whereas only 548 lb. were needed for 
balancing in the wheels; a saving of 432 Ib. The fact 
that the reciprocating parts have not been balanced 
has not been attended by any ill effects, and there is 
no indication in the riding of the engine that these 





Bridge at 78 m.p.h. showed the complete absence of 
disturbing forces at the rail. 

The engines are fitted with a generator set driven 
by a }-h.p. steam turbine running at 4,000 r.p.m. and 
rated at 350-500 watts. The gauge faces in the cab 
are black, with luminous figures. These are illuminated 
by a lamp in the cab roof enclosed in a box fitted with 
a glass which only allows ultra-violet rays to pass 
through, so that there is no visible light from it. The 
gauges can be read clearly at night and when running 
into a tunnel during the day. The water in the gauge 
glass is illuminated by a narrow band of light directed 
at the water columns through a slit in the fitting. A 
light controlled by the fireman is fitted below the foot- 
plate to light the injector overflow at night. The head- 
lamps are electrically lighted, and inspection lights are 
provided to facilitate examination of the running gear. 

The tender tanks are fabricated, the tank plates being 
fy-in. thick. Additional water-filling holes have been 
provided at the leading end of the tender at both sides, 
so that the fireman can fill up without climbing to the. 
top of the tender; they also enable the water level to 








5,000 gallons of water, making the total weight in 
working order 47 tons 16 cwt. The springs are lami- 
nated, with 4 ft. centres loaded, and have 15 plates, 
5 in. wide by } in. thick. The axles are 6} in. in 
diameter by 134) in. long. 





CONTROL OF IRON AND STEEL.—The Minister of Supply 
has issued the Control of Iron and Steel (No. 50) Order 
(S.R. & O., 1946, No. 963, price 1d.), which came into 
force on July 1, 1946. The Order amends the maximum 
prices for certain iron and steel products and frees wire 
mesh from control. The main changes are increases 
in the price of Staffordshire pig iron, galvanised sheets, 
galvanised and fine sizes of wire, cold-drawn steel tubes, 
rain-water and soil goods, wire netting and steel castings. 
The maximum prices for finish-machined forgings are 
withdrawn. Reductions in the prices of ferro-vanadium 
and high-speed steel are confirmed. Copies of the Order 
may be obtained from H.M. Stationery Office, Kingsway, 
W.C.2. 
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AGRICULTURAL APPLIANCES. a 


576,274. Tractor-Implement Towing Connection. David 
Brown: Tractors, Limited, of Meltham, and A. E. Smith, 
F. Meadoweroft and H. E. Merritt, of Meltham. (2 Figs.) 
January 7, 1944.—The invention is an upper compression 
member for a double linkage between an implement and a 
tractor. A sleeve a is connected to an anchorage on a 
tractor and a spindle 6 slides in it. The spindle is 
grooved to receive a series of balls which bear against a 
plate on the end of the sleeve a and against an inclined 
internal surface on a spring-loaded collar e adjusted by a 
nut g on a threaded portion of the spindle b. An intern- 
ally-threaded member connects the spindle to a member ¢ 
on the implement hitched to the tractor. The threads on 
6 and i are of opposite hand so that the effective length 








of the compression member can be varied. The pressure 
of the spring is adjusted so that when a normal draft 
load is being exerted on the implement the balls remain 
in the groove, but when the normal draft load is exceeded 
and the excess load reaches a predetermined amount the 
balls rise out of the groove and force the collar e back 
against the action of the spring, the spindle moving ia 
along the sleeve a. This not only relieves the draft load 
on the implement, but also stops the tractor. Connected 
to the collar e is a Bowden wire j, the other end of which 
disengages the transmission clutch of the tractor. The 
outer casing of the Bowden wire is anchored to the 
spindle. When the draft conditions become normal the 
parts resume their former position with the balls resting 
in the groove. (Accepted March 27, 1946.) 


AERONAUTICS. 


576,094. Heat-Exchanger for Gas Turbine. The 
Bristol Aeroplane Company, Limited, of Bristol, and 
L. Cameron, of Bristol. (6 Figs.) August 12, 1942.— 
The heat-exchanger is particularly suitable for use in 
conjunction with jet-propulsion and gas-turbine units 
for aircraft. The gas-turbine unit, which drives a tractor 
airscrew, consists of an axial-flow compressor in series 
with a centrifugal compressor in front of a turbine unit 8, 
a heat-exchanger 9, and a discharge nozzle. The heat- 
exchanger consists of two sections, 18, 19, the section 18 
being constructed as four separate cells, extending hori- 
zontally across the section, and the section 19 as four cells 
extending vertically across the section. The hot products 
of combustion flow from the turbine unit 8 by a straight 
course through the section 19 and then through the 
section 18. The air from the expansion chamber 16 
passes by eight tubes 11 to the heat-exchanger, two 
tube passing from the top, bottom and two side parts, 
respectively, of 16. The two tubes 11 from the two 





through these cells and then returns by the tubes 12 
to the bottom part of the turbine inlet chamber 21. 
Similarly, airfrom the bottom part of the chamber 16 
enters the other cells and passes up, returning by the 
tubes 12 to the top part of the chamber 21. From the 
right-hand part of the chamber 16 the air passes through 
two cells in 18 horizontally, and is returned to the left- 
hand part of the chamber 21; the air from the left-hand 
part of the chamber 16 passes through the other cells 
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and returns to the right-hand part of the chamber 21. 
So a uniform distribution of air from the chamber 16 
to the chamber 21 is obtained. The arrangement of the 
cells provides oppositely directed currents of air in 
adjacent cells, while the streams of air in the two sections 
18 and 19, regpectively, are at right angles to one another ; 
this arrangement provides for the highest efficiency of 
heat transfer. The heat-chamber 9 is a cubiform struc- 
ture with a matrix of finned tubes contained in a frame. 
(Accepted March 19, 1946.) 





FURNACE APPARATUS. 


576,341. Measurement of Fuel Feed. H. Lindars, of 
Sheffield, and C. H. Smith, of London. (3 Figs.) 
January 12, 1944.—The invention is particularly applic- 
able to the measurement of the amount of fuel fed to 
furnaces provided with intermittently-operated mecha- 
nical stoking devices, operating at a constant rate. 
Fuel is fed to a furnace by an underfeed stoker operated 
by a constaat-speed electric motor 3, and the feed is 
measured by an alternati rent kilowatt-hour 
integrating meter 4.. For integrating weights, the meter 
is provided with cyclometer-type counters 5, the first 
céunter being from 0 to 20 and reading in 
hundredweights and the subsequent counters reading 
in tons. The voltage coil 6 of the meter is energised 
from mains terminals 7. The motor drives the feed 
mechanism to feed fuel at a constant rate, but is auto- 
matically started and stopped by an automatic control 
device 8 in accordance with the average rate of feed 
required. The automatic contro] 8 is connected with 
the starter 9 of the stoker motor 3 and a control relay 16. 
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A circuit includes the motor starter, the relay and a 
transformer 18, the secondary of which is connected, 
through a variable resistance 22 and fixed resistance, to 
the current coil 15 of the meter. The coil 15 is wound to 
take a small maximum current, because the current pass- 
ing is adjustable for different rates of feed. It is energised 
whenever the motor 3 is feeding, while the voltage coil 6 is 
continuously energised. Thus the meter, which includes 
a disc 19 and braking magnet, rotates whenever the fuel 
feed motor 3 is operating, and driving of the counters 5 
integrates the weight of the fuel fed to the furnace. 
The meter records fuel consumption at the rate of 1 ton 
per hour when the current in the current coil is 0°5 
ampere. The transformer 18 in the circuit of the coil 15 
has its primary wound for 230 volts and its secondary, 
which supplies the current coil, rated at 20 voits, 0°5 
ampere. If the fuel-feeding mechanism is capable of 
feeding at half a ton per hour, the variable resistance 22 
is adjusted so that the current in the current coil of the 
meter is 0-25 ampere, when the meter itself records at 
the rate of half a ton per hour. The variable resistance 
is calibrated in tons of fuel per hour. (Accepted 
March 29, 1946.) 


MISCELLANEOUS. 


575,947. Adjustable Scaffolding. R. L. Parrott, of 
South Woodford. (4 Figs.) February 18, 1944.—The 
invention may be readily adjusted, particularly for 
dealing with ceilings in rooms of varying heights. The 
base is an inverted channel section 1 and two pillars 
are passed through holes in the web and welded at 
right angles to the base. The pillars 2 are placed in the 
middle of the base and spaced 23 in. apart. A support, 
consisting of a pair of parallel tubes 4, spaced 2% in. 
apart, with a third short horizontal tube 5 welded to 





top parts enter two cells in 19, and the air passes down 


them towards their lower end, slides on the pillars and 
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is held at the desired height by a pair of pins 7, which 
are inserted into one pair of a series of holes 8 in the 
pillars. The pins each have a pivoted end-part which, 
when a pin is placed in position, falls down to prevent 
accidental withdrawal. The pins are connected by short 
chains to rings on the support. The tubular pillars are 
about 4 ft. 3 in. in height and the scaffoldings are used 
in sets of four. Thé supports are adjusted in height on 
their pillars and are secured by the pins. A scaffolding 
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board is placed edgewise between the vertical parts of 
the supports of a pair of scaffoldings. The scaffold 
boards thus erected carry ordinary scaffold boards on 
which men can stand to work. An extension to rest on 
the top of the pillars 2 consists of two parallel tubes of 
the same diameter as the pillars, joined at their lower 
ends by a short welded-on bar. In the ends of the 
tubes are spigots which slide into the top of the pillars 2, 
and sliding on the tubes is a second support similar to 
that on the pillars. (Accepted March 12, 1946.) 


575,163. Flexible Shaft Couplings. F. F. Cook, of 
Steyning, and E. Pollard, of Hove. (9 Figs.) November 
12, 1943.—The coupling is of the kind consisting of two 
members having a series of projections between which lie 
elastic bodies, these constituting the sole torque trans- 
mitting elements for all loadings of the coupling. The 
coupling is simple to produce and of robust construction, 
and has a collar 2 connected to one of the shafts and 
having a flange at one end. The flange terminates in a 
cylindrical extension 4 which has four arms 5 projecting 
radially inwards. The second member of the coupling 
also embodies a collar 6 secured to the other shaft and 
having four radial arms 7, which partly fill the spaces 
between the arms 5 of the first part. Into the spaees 
between the arms vf the coupling members are inserted 
short cylinders 9 of. rubber. which fill the spaces and 
bear on the surfaces of the arms. The spaces in the 
member 2 are of trefoil form, opened out at the bottom, 
and are easily made by three borings side by side, all 
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surfaces of the recesses being part cylindrical. In the 
second member 6, the surface between the part cylindrical 
side of each arm 7 and the adjacent side of the next arm 
is flat, and so the recesses in this member are also easily 
made. The tips of the arms on each member are part 
circular and lie in circles concentric with the shafts. 
When the coupling is assembled, the tips of each member 
are clear of the bottom of the recesses between the arms 
of the other member. For keeping the coupling and 
retaining the rubber cylinders in their recesses, a cylin- 
drical cover 12, having an inwardly extending flange 13 
at one end, is passed on to the outside of the extension 4 
of the collar 2 with its flange 13 overlapping the outer 
face of the member 6. The cover extends beyond the 
flange 3 and is secured in position by a spring clip which 
is inserted into a groove in the inner surface of the cover 
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and bears against the back of the flange. (Sealed.) 
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RECOLLECTIONS .OF EARLY |: 
NAVAL FLYING. 


By Squapron-Leaper F. J. RUTLAND, 
D.8.0. 
(Continued from page 28.) 

Except for some increased activity in aircraft 
exercises with the fleet, little of importance hap- 
pened in 1916. Referring to some entries in my 
log, I notice that we carried out some tests with 
the Batchelor mirror on March 10, 1916. This 
was @ form of heliograph. 
August 9 shows an altitude test with a 225-h.p. 
Sunbeam Short, when we found our ceiling was 
13,500 ft. On the same day, an arc signalling lamp 
was tested. This was a miniature searchlight that 
was made on board, using a 6-in. convex mirror re- 
flector, from @ car headlight, and a rewound genera- 
tor driven by an air propeller. I had produced a 
light and effective signalling lamp. It is mentioned 
here to show that, although signalling by ships’ 
searchlights had been going on for many years, 
no signalling lamps had been invented. A little 
later, the Aldis signalling lamp was supplied and was 
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all that ould be desired. ‘Anotherentry, on July 26, : 


1916, mentions the Lewis gun for the first time, 

and it be mast Uildly sigih shittges thells timo oat 
seaplanes were equipped with them. The Manxman 
commissioned at Chatham on December 16, 1916, 
Lieut.-Commdr. C. G. Robinson (captain of the 
Engadine) being appointed her captain and I her 
senior flying officer. This was a token of apprecia- 
tion of our work in the Engadine, but how Robinson 
regretted the change which we all had looked for- 
ward to for so long! The ine \was a sturdy 
stable little ship, with oil-burning water-tube 
boilers, quick at raising steam and able to maintain 
22 knots from the time she left harbour until she 
returned. The Manxman, on the other hand, was 
a coal burner, had old-fashioned Scotch boilers, 
was slow to raise steam and difficult to maintain, 
and could not do more than 17 knots.. Indeed, she 
could never be guaranteed to do even that. She 
rolled like a tub, so much so that railway lines had 
to be fitted in her aft hangar to carry the seaplanes 
on their trolleys, which had to be fitted with flanged 
wheels. So our newest addition could not hope to 
fulfil the duties of a fleet carrier. Worse was to 
come, for we received a report from the Campania 
that a Baby seaplane required 113 ft. run with 
an air speed of 15 knots to get off safely. Our 
flying-deck was approximately 85 ft. long, and on 
a calm day we could not produce more than 17 knots 
air speed over it. It seemed to me that having, up 
till then, been unable to get a seaplane away unless 


A further entry on | inj 








it were calm, we could not do so now if it were 
ae Immediately upon ezrival in tho Firth of 
Forth we began experiments. ing with a 
20-knot air speed I flew » Bab off success- 
fully. This was, in fact, the Sass Y hed flows 
from a ship. The seaplane was mounted on a light 


most far-reaching results. I went ly to the 
Admiralty and reported the results of our flights, 
pointing out the disabilities under which we would 
be working and asked pointblank for Sopwith Pup 
aeroplanes y t was strengthened by 
the reports Rint Zeppelin had increased their 
ceiling to .17,000, ft. they increased it to 
over. 20,000 ft., as the Baby Sopwith had a 
iling of only 1 ft. and to attain the last 

was 3 undertaking, this was an 





failed in my mission. Pups were finally agreed 
upon, but because of demands in France there was 
some delay in obtaining them. When I got back to 
the Manxman and announced the good news, I found, 
to my astonishment, that the pilots were against 
flying aeroplanes at sea. It was not till I listened to 
their views that I realised that, with their limited 
of conditions at sea,'they were placing 
too much faith in the seaworthiness of a seaplane. 
I then arranged an experiment with a 225-h.p. 
Short seaplane. I sent one away and ordered it 
to land near the ship on a windy day. The pilot 
was then ordered to switch off his engine and all 
pilots were shown what was likely to happen to a 
seaplane at sea. The tail was forced under water, 
the seaplane was turned on its back and there it 
lay, floats up and only a few inches of them showing. 
Four photographs were taken and these were sent 
to the Admiralty as a further argument for aero- 
planes. We had no more dissentient voices. 

We were equipped with Pups in April, 1917. 
In the fuselage were fitted square air bags shaped to 
fit the space available. The first of these tried 
were sealed bags. They had been fitted to Bristol 
Bullets in the Vindex, and the two machines went 
up after a Zeppelin, which climbed very high. One 


get the nose of the machine down. The other 
Bullet failed to return. The bags, expanding at the 
lower pressure of the upper atmosphere, had 
jammed the controls and broken inter-fuselage 
struts. After that they were open and all outlets 
led to a single copper pipe with a cock near the pilot, 
which was closed on alighting on the water and the 


.| plane was then supposed to float tail out of the 


water only. 
Actually, my aeroplane, on landing after an 


operation later, floated less than five minutes. It 


.| was equipped with a Lewis gun mounted on the 


centre section and capable of being reloaded by the 
pilot with new magazines, but with great difficulty. 
The gun was arranged to fire over the propeller. 
For anti-Zeppelin work, we had 1-lb. signal rocket 
staffs on the inter-plane struts, four on each side, and 
Ranken darts, in boxes of 12, in the fuselage. These 
were intended to be dropped on to the Zeppelin, as 
in bombing. About July, 1917, the Brock explosive 
bullet and the Pomeroy tracer bullet became avail- 
able and from then on a Zeppelin’s fate was sealed 
if a machine could get within range. In the six 
months following Jutland, both the fleet and the 
Admiralty displayed much activity in aircraft 
carriers. In September, 1916, the liner Conti Rosso, 
which was being built on the Clyde for the Italians 
and upon which work had been stopped, was taken 
over and was renamed Argus. 

Although she was not completed until October, 
1918, the Argus was, in fact, the first carrier to. be 
fitted with a flush deck and was the forerunner of 
our modern carriers. In January, 1917, the Grand 
Fleet Aircraft Committee recommended that the 
cruiser Furious be converted to carry aircraft. At 
the same time, they recommended that fighters 
should be carried in cruisers, even though this 
might necessitate losing the use of one gun. The 
Commander-in-Chief would not agree to this latter 
recommendation, but approved the first, so the 
Furious was put in hand. Her forward 18-in. gun 
turret was removed, and a hangar fitted to carry 
eight 225-h.p. Shorts and six Sopwith Pups. At 
first, Baby seaplanes were to be carried, but before 
she had been completed, as will be seen, I had been 
successful in having Pups adopted for all fleet 
purposes. About May, 1917, the Pegasus and 
Nairana were put in hand. These were similar 
vessels to the Manxman, but faster, doing about 
21 knots, and having modern boilers fired with oil. 
Still, it is difficult to see why, with the knowledge 
already available, the use of this type was persisted 
in. In July, a contract was placed with the Arm- 
strong Naval Yard at Walker-on-Tyne for the 
Hermes, the first ship to be laid down as an aircraft 
carrier.. She was large enough for any requirements 
that could be foreseen at that time, but she was not 
fast enough, having, I believe, a designed speed of 
25 knots. Our light cruisers and the later battle 
cruisers could all do over 30 knots. In August, 
1917, the Cavendish, a heavy cruiser, under con- 
struction at Belfast, was ordered to be converted 
on the same lines as the Furious; but she was 
not completed till October, 1918, when she joined” 
the fleet as the Vindictive. Considering this 
motley collection, it is not to be wondered at that 
Beatty, in August, 1917, in conference with the 
Third Sea Lord—who was responsible for all con- 
struction, though not for policy—should have said 
that, “‘ So far as I can see, no policy for fleet aircraft 
exists,” 

Although the Manxman was an utter failure as a 
fleet carrier, she was destined to provide the means 
which enabled a chain of events to be started and 
led. to a logical conclusion. From the introduction 
of aeroplanes, due mainly to her having too small 
a flying-off deck for the operation of Baby Sopwiths 
under all conditions, was to develop the solution 
of the fleet aircraft problem for the remainder of the 
war, and this formed the starting point for the 
production of modern carriers. It will be realised 
that carrying aeroplanes in fighting ships had been 
in the minds of all concerned for some time, but, 
for two main reasons, no advance had been made. 
In the first place, the required runway was too long, 
and, secondly, where sufficient runway could be 
provided, it interfered with gunfire ; and, of course, 
the forecastle gun was involved—the main gun in a 





pilot found his controls jammed but managed to 


light cruiser. All thought had been in terms of 
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Baby seaplanes, but, with the introduction of the 
Pup, attention was once more directed to carrying 
them in light cruisers. The Commander-in-Chief, 
Grand Fleet, however, was adamant in refusing to 
carry an aeroplane at the expense of a gun, or even 
having a gun temporarily out of action by being 
masked with a flying-off platform. I was struck by 
the very short run that a Pup required to take off 
from the Manxman. I found also that, curiously 
enough, within a considerable range of airspeeds 
over the deck, the machine stayed on the deck 
for the same length of time, showing quite clearly 
that the pilots, rightly, were loth to leave the deck 
until a good flying speed had been reached. I also 
realised at once that they were taking off, not so 
much by the feel of the aeroplane as by the distance 
run. I set to work to carry out experiments by 
chalking the wheels and measuring the length of a 
number of runs, the pilots being asked to take their 
machines off as quickly as they felt they could do 
with safety. The length of runs varied greatly, 
but I estimated, from my own distance taken, that, 
if the deck were not there after 20-ft. run, the aircraft 
would take to the air with plenty of control. In 
other words, after 20 ft., using a 20-knot airspeed 
over the deck, the amount of support given to the 
aeroplane by the deck was negligible, and might, 
in fact, be a retarding factor. I therefore con- 
structed a runway giving a 20-ft. run on the flying 
deck and made a number of experimental flights. 
No pilot failed to get off this raised platform. I 
then held a competition to see who could get off the 
deck in the shortest run. No pilot took more than 
19 ft., and one took 16 ft. 6 in. I was amazed to 
find that the less confident pilots took the shortest 
runs. I found out later that this was due to the 
pilot’s anxiety not to run over the end of the plat- 
form and come down on the deck proper, and not, 
as I first supposed, to his skillin getting off quickly. 
From these tests I decided that, given an air speed of 
20 knots, a run of 15 ft. was adequate. 

Lieut.-Commander C. H. B. Gowan, the gunnery 
officer of the Yarmouth, was a member of the 
Battle Cruiser Aircraft Committee, of which I was 
technical adviser, and at a meeting of this committee 
on the Monday following the completion of my 
experiment, he produced a carefully prepared draw- 
ing of a platform 45 ft. long, which he had designed 
to fit to the Yarmouth, and which did not interfere 
with gun fire. Obviously, a 45-ft. run was in his 
mind. The surprise may be imagined when I 
announced that I was prepared to fly with a run of 
15 ft. I remember Gowan saying, “I am sorry, 
I can’t get more than 45 ft.,” being under the 
impression that I had said 50 ft. Permission was 
requested to have a platform fitted in the Yarmouth 
by the Dockyard, the forward end to be pivoted 
on the gun mounting. This was approved, and work 
was put in hand at once. 

Meanwhile, the Commander-in-Chief arranged to 
make one of his periodical sweeps, and at the same 
time to send the Manxman to a point about 100 miles 
.N.W. of the Horn Reef, where she was to send up 
Pups to attack an airship which patrolled there 
every morning. We were escorted by a light- 
cruiser squadron led by the Galatea, Admiral 
Alexander-Sinclair’s flagship, he being in command 
of the operation. As the position of the aeroplanes 
in the fleet was a very delicate one, I protested about 
sending pilots on such a flight for fear of a set-back 
to my pet idea of having aeroplanes in the fleet 
instead of seaplanes, for, up to this time, the 
Manxman was the only ship to carry them and 
there were only four in the fleet. Engines, though 
much more reliable, were prone to failures of many 
kinds, and in this flight the aeroplanes would have 
to fly over nearly 100 miles of sea, heavily mined 
and through which no ship would pass ; so that, in 
the very probable event of engine failure, the pilot 
had no chance. Admiral Sinclair expressed anxiety, 
but it turned out to be too late to inform the 
Commander-in-Chief, who was at Scapa, so the 
operation had to proceed. I felt that our air- 
craft should only be sent up when a Zeppelin was 
sighted and should not search along 100 miles 
of coastline for a problematical victim. My 
main thought was that loss of machines and 
pilots would have a damping effect upon the use 
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further use. Another snag was to appear. I had 
told the Commander-in-Chief, quite correctly, that 
we could send Pups off at sea in any weather in 
which a ship could live, but I did not realise how 
soon I was to put this to the test. 

We arrived at our destination at dawn. The wind 
and sea were high and rising, the barometer low and 
falling. The wind was from the west. Upon 
receiving a signal from Sinclair, “‘What do you 
think of this ? ” I replied, ‘‘ Suitable for aeroplanes, 
but unlikely any Zeppelin can be in the air.” In 
return, I received a signal, ‘‘ Proceed in execution 
of previous orders.” I did not realise it, but I 
had put Sinclair in a He told me after- 
wards that, if I had stated definitely that no useful 
purpose could have been served’ by taking off 
he would have gladly cancelled the operation. 

As a matter of fact, having got there, and knowing 
the vagaries of the weather in the North Sea, even 
at distances of only 50 miles, I hoped the weather 
might be suitable for Zeppelins 100 miles away. 
I arranged for two aeroplanes, I to take one, and a 





of aeroplanes in the fleet, and perhaps prevent their 


second pilot to take the other. Our compasses 








Fie. 3. Rocket-Cagrymna Sopwitu “Pup.” 


were very poor, and we had no other aids to navi- 
gation. The Horns Reef and the German coastline 
were committed to memory. I had arranged for 
the light cruisers to steer in the direction of the 
Horns Reef so that I could find what allowance I 
had to make for drift, and I found that I had to 
steer nearly 40 deg. off the true direction in order 
to make good along the line of ships. On my way 
there, I could see by the heavy seas below me that 
the wind had now approached gale force; at the 
Horns. Reef it was no better and, of course, no 
Zeppelin could possibly be out. Soon after I turned 
back to regain the carrier the compass began to 
spurt alcohol; a leak had occurred at one of the 
supports level with the card, thus rendering my 
compass quite useless, the card being washed in 
all directions and finally off its pivot. I tried to 
locate the carrier by steering an approximate course 
across the waves and believe I should have found 
her, but the wind had backed to the S.W. and 
I was banking on it coming from the west. I had 
no means of telling this and, of course, only found 
it out later when I finally turned tail to wind for 
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Denmark. Thus, instead of sighting land in South 
Denmark I first sighted it in North Jutland. I 
landed in the sea some distance out and swam in, 
claiming to be a shipwrecked mariner. Eventually, 
| came home through Sweden and Norway. This 
incident is merely related to enable a true perspec- 
tive to be obtained of the aircraft used and the 
psychology of pilots at that time. I found upon 
my return that the second pilot had circled the ship 
and landed near a , reporting his engine 
running hot. On the way back, the Manxman 
suffered severe damage by the gale, which North 
Jutland reported to have been the worst in living 
memory on that coast. 

The round trip took approximately six weeks 
and when I got back, the Yarmouth platform was 
completed, but no pilot could be found to fly off it. 
Although it may be argued that, if an aeroplane 
could be taken off a platform built on the Manxman’s 
deck, it could fly off a similar platform placed 
anywhere else, the question of confidence plays an 
important part. In the Manxman, if the machine 
did not get flying speed on the short platform, it 
would continue along the regular deck until it did. 
In the Yarmouth, if it failed to gain air speed at the 
end of the platform, it would fall and get mixed 
up with the , cable holders, etc. After 
making a few alterations to the platform provided 
I flew off it (see Fig. 1, page 49). The ship gave me 
an air speed of 20 knots and, as will be seen, no 
difficulty whatever was experienced. All the 
pilots were immediately given the opportunity to 
make test flights. Another example of psychology, 
I think, is worth quoting here. The second pilot 
to fly off the Yarmouth reported to me on landing 
at the base that he had failed to obtain flying speed 
on reaching the end of the platform and had lost 
height and narrowly: missed the capstan; he had 
gone over the bows and only obtained control of 
the aeroplane at water level. He asked to be taken 
off the Pup flight and put on seaplanes. Investi- 
gation showed that he had yanked his aircraft off 
the deck at about 5 ft. from the end, had climbed 
rather steeply, stalled his machine very slightly at 
about 200 ft., recovered, and proceeded to his base. 
Nothing would convince him that his imagination 
had run riot ; the image of those cables and capstan 
were indelibly imprinted on his mind. About a 
month after this initial flight, Flight Sub-Lieut. B. A. 
Smart took the machine shown in Fig. 2, opposite, 
to sea in the Yarmouth. On sighting a Zeppelin, he 
flew off, climbed above it and, diving on it, gave one 
burst from his Lewis gun, which was now fitted with 
Pomeroy tracers, Brock explosive bullets and 
ordinary 0-303 bullets in sequence. He then came 
down on the water near a destroyer and his aircraft 
sank. The Zeppelin burst into flames and was 
totally destroyed. Thus success quickly followed 
the first flight from a cruiser at sea and from a 
miniature platform. A policy was now adopted 
to fit all light cruisers with a flying-off platform. 
For the moment, there were many that could not 
be fitted, but after the turret flights, which will 
be described later, these difficulties were overcome 
and, finally, all cruisers with the exception of four, 
which were not sufficiently stable to carry the extra 
top weight, were fitted with flying-off platforms to 
carry a fighter. 

It was fortunate that the Brock and Pomeroy 
bullets had come into use. My records show that 
we had received them not long before—in fact, only 
just before my Horn Reef flight ; previous to that, 
we relied the Ranken darts and rockets. 
The range of these latter was very small. Fig. 3, 
opposite, shows @ Pup fitted with these rockets being 
flown off the Manxman. At this period, May, 1917, 
only 0-303 ammunition was carried. 


(To be continued.) 





300-Fr. Rats ON LONDON UNDERGROUND RaliLway. 
—Rails, 300 ft. in length, for use in the Western extension 
of the Central Line of the London Underground Railways, 
from North Acton to Greenford, have been welded at 
the London Passenger Transport Board workshops at 
Lillie Bridge, Fulham. Daily, during the next three weeks, 
they will be conveyed, eight at a time, by 4 special G.W.R. 
train from Lillie Bridge to Park Royal. The rails will 
be laid by London Transport engineers. 


LITERATURE. 


High Pressure Hot Water Heating Systems. By FRANK 
H. Stave, A.M.I.Mech.E. Princes Press, Limited, 
7, Princes-street, Westminster, London, 8.W.1. [Price 
58. 6d.) 

Tue Perkins system of hot-water heating, in which 

a closed coil of thick piping was placed in the 

boiler furnace (with a resultant circulating-water 

temperature of some 700 deg. F.) has been obsolete 
for many years. The advantages of high-pressure 
hot water are marked, however, and a more recent 





application, consisting, in general, of pumped water | plant 


taken from a steam boiler at a temperature usually 
between 300 deg. and 400 deg. F., is steadily gaining 
in favour, particularly for industrial space and 
process heating for which steam was formerly 
employed. The advantages of high-pressure water, 
as compared with steam, are the absence of trapping 
and the virtual elimination of corrosion troubles, 
complete temperature control, flexibility in layout, 
uniformity and simplicity of pipework, and, of 
present great importance, a substantial saving in 
fuel. The new method, however, involves a special 


technique both in design and operation. High- |i 


temperature water will readily flash into steam 
if its pressure is reduced and therefore precautions 
are necessary to ensure that at no point in the 
system, such as the top of a vertical riser or the 
suction inlet to the pump, will the pressure fall 
below that corresponding with that temperature as 
boiling point. If “flashing”? does occur, violent 
water hammer may ensue, and a general precaution 
is to provide a by-pass connection to enable some 
return water (which is usually at a temperature 
about 100 deg. F. lower than that of the flow) to 
enter the flow main. The pressure in the system is, 
of course, that generated in the boiler, but the 
temperature of the circulating water is reduced so 
that no danger of “flashing” arises. Automatic 
safety devices to operate quickly and shut off the 
main should a fracture occur are necessary, and 
pumps and valves must be of special types. In 
brief, a good deal of knowledge and experience are 
necessary before a successful system of this kind 
can be designed. 

This little book may serve as a primer on the 
subject, since it outlines the general principles 
fairly well. 
enhanced, however, if the pages devoted to 
matters, such as insulation and thermostatic control, 
had been utilised for a detailed example of design— 
possibly of the unit heater system shown in Fig. 21, 
which incidentally is of teo small a scale to be 
readily legible. Such design data as are given 
tend to be obscure. Fig. 3 purports to be a pipe- 
sizing chart, but its method of use is far from clear, 
and incidentally Table X refers to pump charac- 
teristics D and F, which do not appear on the 
chart. No indication is given as to the length of 
cireuit to which the pump heads shown on the 
chart apply ; also, the frictional resistances obtained 
in Fig. 4 do not appear to agree with those usually 
accepted, even when allowance is made for the 
effect of the high temperature of the water. 

There is much to be said for small books, each 
dealing with a particular aspect of a wide subject 
such as heating, but if they are to be of real value, 
care should be taken to see that the outline treat- 
ment is as clear and complete as possible within 
the space available. The essential factors peculiar 
to the subject should be stressed by the use of 
special type or setting, rather than mentioned 
casually in the general text; and a bibliography 
should indicate where further information can be 
obtained. The short list with which the present 
work concludes does not appear to be very compre- 
hensive ; for example, it does not mention Faber 
and Kell’s Heating and Air-Conditioning of Buildings, 
which contains an excellent chapter on the subject. 





Las Fuerzas Hidrdulicas de la Repiblica Argentina. By 
J. F. Btcut. José Calle Montesé, Parané 480, Buenos 
Aires, Argentina. 


Tue development of the water powers of the world 
in the past three decades constitutes one of the most 


striking features of the history of heavy engineering 





in our time. This is the result of improvements itt 


Its value would have been greatly | reports 





the design and construction of the necessary plant 
on the one hand,.and several factors of economic 
origin on the other. The technical development of 
hydraulic turbines capable of utilising any head 
up to 5,000 ft., coupled with the development of 
high-tension transmission up to, and exceeding, 
220,000 volts, renders it possible to transmit energy 
over considerable distances. It is, therefore, often 
practicable to harness large sources of water power at 
places far remote from centres of industrial activity 
and transmit the energy to consumers situated 
any distance away up to 300 miles, at a cost less 
than the corresponding for a steam-driven 
In view of these facts and the increased 


energy to meet the abnormal requirements of the 
war years, it is now permissible to place a still 
higher commercial value on hydro-electric systems 
for many countries, especially those dependent on 
imported fuel, of which a number are to be found in 
South America. 


contains several waterfalls and three large tribu- 
taries: the Pileomayo, which rises in Bolivia and 
orms the north-east frontier for about 400 miles 
before it joins the Paraguay ; the Bermejo, which 
ises on the northern frontier and flows, in a south- 
easterly direction, into the Paraguay; and the 
Salado del Norte, which rises on the Andean slopes 


the book under review, as are also those which drain 
the southern boundary of the pampa and the Pata- 
gonian regions. Power from the tides is another 
possible source of supply, and Mr. ‘Biichi estimates 
that a total of 15,000 million kWh per annum could 
be generated from the tides in the of San José, 
the bay of San Julian, and the estuaries of the rivers 
Santa Cruz, Gallegro and Deseado. 

This excellent survey of the subject should appeal 
to engineers and others who are in any way con- 
cerned with the industrial development of the 
Argentine, for the author draws upon previous 
on the matter and discusses his own pro- 
posals as problems which merit the attention of 
both engineers and industrialists. Students of 
hydro-electric engineering also will find much 
useful information in the 82 diagrams and photo- 
graphic reproductions of installations, existing and 
proposed, which illustrate the 358 pages of text and 
tabulated data. It is essential, of course, to grasp 
at the outset the implications of what the author 
has to say on the physical characteristics and rain- 
fall-of the country, and note the position of certain 
sources of water in relation to the frontiers 
of the country. This will enable the reader to 
appreciate several practical aspects of ‘hydro- 
electric engineering in the Argentine. One is to be 
found in the supply and transmission of nearly a 
million horse-power to the city of Buenos Aires 
and its environs; another in the utilisation of 
water power from the rivers in the north-east part 
of the in such a manner as to facilitate 
the export of part of the power thus generated to 
industrial centres in Paraguay and Uruguay. Success 
with some of Mr. Biichi’s proposals will depend 
largely on the balance between commercial factors 
on one side and technical ones on the other. 





Wak ACTIVITIES OF Messrs. HOBBIES, LIMITED.—We 
have received from Messrs. Hobbies, Limited, Dereham, 
Norfolk, a brochure embodying a reprint of an article 
published by Messrs. Associated British Machine Tool 
Makers, Limited, which while describing, in the main, 
the equipment of the light engineering works of Messrs. 
Hobbies, Limited, gives an account of the war activities 
of the firm. Fretwork machine production was not 
wholly discontinued, since the machines were used in 
occupational therapy centres and for other purposes, 
but such war work as the construction of aircraft 
bomb carriers, ammunition and instrument boxes, radio 
containers, etc., was undertaken on a large scale, the 
foundries, machine shops, press shops and woodworking 
shops being well suited for this work. 
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SIMPLE METHOD OF 
DETERMINING POISSON’S 
RATIO. 


By R. J. Witkrns, B.Sc.(Eng.), A.M-Inst.C.E. 


A DEMAND exists in the laboratories of technical 
colleges for a wide variety of apparatus to illustrate 
the principles of engineering theory and to enable 
students to obtain by their own measurements the 
physical constants for the more common materials. 
Extreme accuracy in the results obtained, white 
desirable, is not an essential requirement and it is 
more important that the apparatus should be 
reasonably robust, withstand very frequent use 
and be rapidly assembled and removed from testing 
machines which may be required for other purposes 
and demonstrations. In particular, under present 
conditions, testing machines are rarely available 











for sufficient time to enable complicated apparatus 
to be set up. A value of Poisson’s ratio, which is 
defined as being the ratio between the lateral (or 
transverse) strain and the longitudinal strain of a 
material under direct stress, is required for many | _ 
calculations concerning the strength and elasticity 
of materials and the apparatus shown in the photo- 
graph reproduced in Fig. 1, and in Figs. 2 and 3, 
has been designed to enable a value to be obtained 
experimentally for a metal in the form of a thin- 
walled vessel. 

Available methods for the determination of this 
constant are: (a) direct measurement of the trans- 
verse and longitudinal strain, which involves the use of 
precise extensometers, although electrical-resistance 
strain gauges may be used for this purpose ; (6) by 
using the relationship between the longitudinal and 
transverse curvature of a strip under bending action 
(anticlastic curvature); and (c) finding the value 
of E (modulus of direct elasticity) and C (modulus 
of rigidity) and then using the relationship between 








these values and the required Poisson’s ratio. Both 
E and C may be determined easily with the usual 





apparatus with which laboratories are equipped, 
but a small error in the measurement of these 
values leads to a large error in the calculated value 
of the ratio. 

The present apparatus makes use of the well- 
known ‘relationship between the volumetric strain 
of a thin-walled vessel, Poisson’s ratio, the modulus 
of elasticity of the material of the vessel, and the 
direct stress to which it is subjected. This relation- 
ship is established in most text-books, but may be 
shown briefly by the following method. 

to Fig. 3, let d = change in diameter 
of the tube, D = original diameter of the tube, 
e = change in under tension, L = original 
length of tube, » = change of volume, V = original 
volume of the vessel, and f = stress in the tube 
under direct pull. 

Both e and d will be very small compared with 
L and D, and products of these small quantities 


may be neglected. 
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or volumetric strain = longitudinal strain — twice 
lateral strain. 


Now longitudinal strain = f and lateral strain — 


Z. where Poisson’s ratio = te 
* E m 


Therefore, 


= 1 2 
ae Weal =): 
The apparatus shown in Fig. 2 consists of a brass 
tube having an inside diameter of { in. and an 
outside diameter of 14 in., the inside length being 
15 in. between the end connections. The tube is 
provided with grip ends to suit the tensile machine 
and is fitted with a filling pipe and adjusting screw 
as shown in Fig. 2. At the lower end, a small-bore 
pipe leads to a glass graduated millimetre-bore 
tube forming the measuring device for the change 
in volume. Coloured water is used as the filling 


(1) 





liquid and it is possible to estimate the level in 
the tube to a quarter-millimetre 
of the millimetrie graduations. 
Fig. 1 illustrates the appara- 
tus in place on the testing 
machine. At the commence- 
ment of the test, the level is 
adjusted by means of the screw 
to a suitable height; the load 
is then applied steadily and the 
change in level of the liquid 
recorded against readings of the 
load. The graph shown in Fig. 4 
is from a typical set of results 
obtained with the apparatus 
described. From the straight- 
line obtained, the change of 
volume for a given load is de- 
termined, and the stress f may 
also be calculated since the 
cross-sectional area of the tube 
is known. The value of E, the 
modulus of elasticity, is deter- 
mined for the tube by an inde- 
pendent experiment using an 
extensometer. Referring to 
equation (1) all values except 


= (Poisson’s ratio) are now 
known, and substitution of the 
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(e760) Change in nthe of Liquid (Cm) 
various values enables the ratio to be deter- 
mined. For the brass of the apparatus described, 
the experimental value obtained is 0-35. 

Possible sources of error may be found in the 
restraint due to the end connections of the lateral 
movement of the tube (but this should be confined 
t6 a small distance) and also in the effect of tempera- 
ture. The latter could be serious, but it may be 
mentioned that a typical set of readings takes only 
a few minutes and also that, if desired, the tube 
could be lagged. The handling of the tube should, 
of course, be minimised ; to some extent also, the 
expansion of the vessel neutralises the expansion 
of the liquid due to temperature variation. The 
surface tension effect is constant throughout, and 
in practice it is found that the liquid level moves 
very steadily in response to the increase of 


load. 
The a described above was designed and 
constructed at the Northampton Polytechnic, 


London, E.C.1, and was recently put into use for ex- 





perimental work in the laboratory of the Civil and 
Mechanical Engineering Department. 
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BEENHAM’S HEATH PUMPING 
STATION OF THE MID-WESSEX 
WATER COMPANY. 


THE summer meeting of the Diesel Engine Users 
Association this year took the form of a visit, on Thurs- 
day, June 20, to the Beenham’s Heath pumping station 
of the Mid-Wessex Water Company, at Shurlock Row, 
near Reading. The members were received by Mr. 
Claude Pain, M.Inst.C.E., M.Inst.W.E., managing 
director and chief engineer of the Company, and by Mr. 
T. Irvine Hudson, M.I.Mech.E., A.Inst.W.E., resident 
engineer of the station. We give below some particu- 
lars of the plant, which has several unusual features. 

In the first place, the current for the motor-driven 
pumping plant is supplied by generators driven by gas 
engines running on producer gas ; secondly, the station 
is one of the very few in the country in which the 
water is softened before delivery to the reservoirs. 
The station was constructed during the war, and 
this fact had some bearing on the choice of the prime 
mover, as damage to oil-fuel tanks from bombing 
might have resulted in contamination of the under- 
ground water supplics. Further, it would have been 
easier to raise coal stocks to an emergency level than 
to find accommodation for extra supplies of oil fuel, 
while there is also the advantage that home-produced 
fuel is being used instead of imported fuel, the coal 
tired to the producers being anthracite peas. The 
water-softening plant was installed in conformity with 
the Company’s Acts of Parliament. dating from 1933, 
which laid down that the initial hardness of 20-5 grains 
per gallon was to be reduced to 12 grains per gallon 
before being pumped to the consumer. The output of 
the pumping station is, normally, 1,500,000 gallons a 
24-hour day, there being two complete sets of plant 
each capable of giving this supply. Overloads can 
thus readily be met while the duplication, carried out 
even to the smallest auxiliary, ensures virtual immunity 
from interruption of the supply through the breakdown 
of any unit of either set. The premises are laid out to 
accommodate a third complete set should future 
demands render this necessary. 

The station owes its existence primarily to an 
increase in demand which was anticipated before the 
war, this increase arising mainly from the establishment 
of military camps, airfields, etc., in the vicinity. The 
water-bearing formations on which the station is situ- 
ated are chalk, and the water derived from fissures in 
the strata, is led to deep wells by horizontal under- 
ground headings. Work was commenced on the station 
early in 1940, but owing to shortage of material and 
labour, the main machinery could not be set to work 
until July, 1942, while the water-softening plant was 
brought into use in May, 1944. During the period 
between the sinking of the wells and the full operation of 
the station, an improvised plant, consisting of a second- 
hand oil engine and a combined borehole and surface 
pump, was installed and functioned satisfactorily in pro- 
viding a temporary supply, the water being chlorinated 
but not softened. The two permanent main generating 
sets are each driven by a four-stroke four-cylinder hori- 
zonta] gas engine with low-tension magneto ignition. 
The cylinders are 16} in. bore by 23 in. stroke, and the 
engine develops 325 brake horse-power at 220 r.p.m., 
the b.m.e.b. being 53 Ib. per square inch, and the piston 
speed 843 ft. per minute. The engine is coupled to a 
direct-current generator of the enclosed ventilated level- 
compound interpole type having an output of 200 kW 
at 230 volts at the engine speed stated. The generators 
supply the whole of the power required to drive the 
pumps and auxiliaries. 

There are two three-stage borehole pumps driven 
by vertical-spindle motors of 115 h.p. The speed is 
variable from 825 r.p.m. to 1,100 r.p.m., and conse- 
quently the delivery is also variable : at 1,000 r.p.m. it 
is 1,144 gallons a minute against a head of 190 ft. 
The water, after softening, is delivered to a reservoir 
some 4 miles distant and at a higher level than the 
station, this duty being performed by two two-stage, 
vertical-spindle motor-driven pumps, the motors 
developing 135 h.p. The speed of these pumps is 
vailinile between 1,155 r.p.m. and 1,540 r.p.m., the 
delivery at 1,400 r.p.m. being 1,040 gallons a minute 
against a head of 260 ft. The surface pumps draw 
from the softened-water tanks. The delivery to the 
softening plant passes through a tubular cooler for 
the circulating water of the gas engines, the water from 
the wells having a temperature of about 50 deg. F., 
which remains virtually constant. The circulating- 
water system is a closed one, and except for make-up 
occasionally, it is quite independent of the borehole 
supplies. The water leaves the cylinder jackets at a 
temperature ranging from 90 deg. F. to 130 deg. F., and 
is discharged to a single tank holding 1,500 gallons in 
the engine-room basement. From this tank it is drawn 
by one of a pair of motor-driven vertical-spindle pumps 
and, after ing through the coolers mentioned above, 
is delivered to two 900-gallon tanks on the roof of the 
building from which tanks the cooled water gravitates 
to the cylinder jackets, etc. 














which provides a gravity flow through the various 
treatment tanks of the softening plant and the sand 
filters.. The softening process is, briefly, as follows. 
Rough lime is slaked into a cream, which is first cleared 
of gravel and other impurities and is then automatically 
measured into the raw water from the borehole pumps, 
mixing tanks with agitating paddles being used. The 
lime-laden water is then passed into sedimentation 
tanks. The water on arriving at the plant is dosed 
with sodium aluminate, and this, by causing flocculation 
of the chalk particles arising from reaction with the 
lime, assists in the separation of the chalk from the 
water, the deposit thus formed settling to the bottom 
of the sedimentation tanks from which it is periodically 
removed as sludge. Comparatively clear water occu- 
pies the upper parts of the sedimentation tanks and 
overflows into channels leading into a blending tank. 
At this stage the process differs from those employed 
in the earlier types of lime-softening plant. As already 
stated, the hardness of the delivered water is not to 
exceed 12 grains per gallon, but the whole of the raw 
water is not reduced to this extent, 7!) per cent. of it 
only being treated in the sedimentation tanks to reduce 
the hardness to about 8 grains per gallon. The other 
30 per cent. of the supply consists of hard water from 
the boreholes, and this is mixed in the blending tank 
with the softened water, with the result that the supply 
to the surface pumps is brought to the statutory 12 deg. 
of hardness. This apparently indirect treatment has 
at least two advantages. In the first place, the size 
of the sedimentation tanks is obviously less than would 
have been necessary if the whole of the water were 
softened to the required degree; and, secondly, the 
stability of the water as delivered is improved, since the 
raw water fraction contains a certain proportion of free 
CO,. This prevents, to a large extent, the precipitation 
of chalk in the trunk and service mains. The stability 
of the final water can be further improved by the 
addition of small quantities of a proprietary salt known 
as Calgon (sodium hexametaphosphate) and an appara- 
tus for effecting this has been installed. The water 
leaving the blending tank is passed through sand 
filters, and is delivered thence to a clear-water tank. 
The surface pumps draw from this tank and the water 
in it is treated with a precautionary dosage of chlorine 
to ensure a high degree of bacterial purity. 

The gas-producer plant is in duplicate, an independent 
set heing provided for each of the engines. Each set 
comprises a producer, a vaporiser, a scrubber and a 
filter. The producers are charged with fuel, at intervals 
of one hour, from fixed hoppers fitted with a rotary 
valve, the hoppers themselves being kept supplied by 
a transporter hopper which travels on an overhead run- 
way from the bunkers situated below a gallery at one 
end of the building. There are six bunkers, each hold- 
ing 20 tons of anthracite peas, the total capacity repre- 
senting about 10 weeks supply under normal conditions. 

Referring now to the electrical and auxiliary equip- 
ment, there are four enclosed cubicles for the main- 
pump switchgear, with push-button operation, and a 
main switchboard of the flush-panel type. The wiring 
is such that either generating set can operate any com- 
binations of the borehole and surface pumps. As 
regards auxiliaries there is, in a transept of the engine 
room, a Crossley five-cylinder four-stroke vertical com- 
pression-ignition engine developing 55 brake horse- 
power at 800 r.p.m. The engine is coupled to a 


direct-current generator having an output of 30 kW- 


at 230 volts. This generator supplies the lighting 
current for the station, and the armature shaft drives, 
through a clutch, a single-cylinder Hamworthy com- 
pressor for charging the air bottles for starting when the 
main plant is shut down. A similar compressor, but 
motor-driven, is provided as a standby, and there 
are two motor-driven pumps for such circulating 
water used in the engine room as is not otherwise 
provided for. The gas engines were supplied by 
Messrs. Crossley-Premier Engines, Limited, Sandiacre, 
Nottingham, and the gas-producer plant by Messrs. 
Crossley Brothers, Limited, Openshaw, Manchester, 11. 
The main generators and the auxiliary generator were 
supplied by Messrs. Mather and Platt, Limited, Newton 
Heath, Manchester, 10, who were also responsible for 
the supply of the borehole and surface pumps, the 
smaller pumps above mentioned and the switchgear. 
The water-softening plant was supplied by Messrs. 
Paterson Engineering Company, Limited, Kingsway, 
London, W.C.2. 





THE LNSTITUTE OF METALS.—The annual autumn meet- 
ing of the Institute of Metals will be held in London on 
Monday, Tuesday and Wednesday, September 9, 10 and 
11. It is proposed that the Autumn Lecture shall be 
delivered on the evening of September 9 and that tech- 
nical sessions shall be held on the mornings of September 
10 and 11. It is intended to arrange an excursion for 
Tuesday afternoon, September 10, and to conclude the 
meeting with a luncheon for members en September 11. 
A detailed programme will be published in due course. 
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‘‘HIPERSIL’’ TRANSFORMER 
IRON.* 


Asout 40 years ago, silicon iron was produced as 
a result of the investigations carried out by Hadfield 
in England and by Gumlich in Germany. The out- 
standing characteristics of this materia! were a 50 per 
cent. increase in the magnetic induction and an equal 
reduction in the losses, owing to the h'ch ‘ohmic 
resistance of the alloy, As a result of these charac- 
teristic features, it was possible to effect a great saving 
in the dimensions and weight of transformers. 

After protracted investigations in the Westinghouse 
Research Laboratories,t a new silicon iron, known as 
Hipersil, has been developed having remarkable charac- 
teristics, namely, a maximum induction density of 
nearly 20,000 gauss, and greatly reduced losses. The 
noise produced by transformers has also been greatly 
reduced, because the magneto-striction effect of Hipersil 
is very much smaller than that of normal iron. Hipersil 
is a very pure silicon iron with a large grain size and 
good crystalline structure, and contains from 3 per cent. 
to 4 per cent. of silicon. After hot-rolling dowr to a 
thickness of 2 mm. to 3 mm., it is subjected to a rolling 
and heat-treatment operation in which the annealing 
process reduces the impurities, particularly O, C and 
S, to a few thousandths per cent., and also causes an 
increase in the grain ‘size and a preferred grain orienta- 
tion. Although transformers were constructed with 
this material nine years ago and have been in con- 
stant service since, it is only during the last four 
years that the manufacturing process and the con- 
struction of transformers with the new material have 
attained the full technical qualities of which it is 
capable. This development is the result of close 
co-operation between the development laboratories of 
the American Rolling Mill Company (Armco) and the 
Westinghouse Electric and Manufacturing Company. 

In consequence of the crystalline structure of Hipersil, 
the conditions of assembly in transformers have te 
ensure that the path of the magnetic flux shal] be in 
the same direction as that in which the materia] has 
been rolled. In building up the transformer cores there 
are accordingly two possible arrangements: (1) the 
laminations are cut so that the direction of the magnetic 
flux through the core is parallel to the direction of 
rolling; or (2) the iron core is formed by winding 
laminated strip in the direction of the magnetic flux. 
Large transformers in which Hipersil is employed 
are always built with certain modifications in the 
normal technique for forming lap-joints at the corners. 
The usual method of core assembly for small trans- 
formers is to use laminations stamped in angular 
form in order to economise in material and labour, 
and also because they need only half the number of 
joints which would otherwise be necessary. This 
construction is satisfactory if the laminations are 
produced in accordance with the normal technique, 
because in this case the maximum permeability is in 
@ direction about 45 deg. to the direction of rolling. 
With Hipersil, however, such a structural arrangement 
would not be permissible because the magnetic qualities 
of the material would not then be fully utilised: and 
cores are therefore constructed by winding strip 
material. 

One firm has devised an ingenious arrangement for 
winding the strips through the completed primary and 
secondary coils, and another uses a method by which 
the copper wire can be wound on the completed core. 
The Westinghouse transformer department have 
developed a scheme which has obvious advantages. 
In this, the core and the coils are each wound sepa- 
rately. The core is then impregnated with an insu- 
lating compound in order to bind it solidly together, 
and then cut into two parts. The severed sections are 
polished and etched to form a joint which is almost 
perfect, the effective air-gap being less than 0-001 in. 
in the direction of the flux. Such transformers are 
very easily assembled and the components can be 
separated with equal facility. 





PROTECTIVE COVERS FOR CARBIDE-TIPPED TOOLS.— 
In supplying ‘“‘ Wimet ’”’-tipped tools, Messrs. A. C. 
Wickman, Limited, Coventry, now protect the diamond- 
lapped cutting edges from possible damage in transit or in 
store by covering the tip with a substantial layer of 
thermoplastic ethyl cellulose. This material, which has 
properties somewhat similar to rubber but does not 
become brittle or crack, can be drawn off the simpler tools 
like a glove finger and can be replaced if desired. Wth 
tools of more complex character, the covering can be 
loosened sufficiently for removal by making a single 
slit with a knife. Messrs. Wickman are prepared to 
advise on the use of the substance for the protection of 
such tools as milling cutters. 





* Translation of a résumé in the Schweizerische Tech- 
nische Zeitschrift, Feb. 14, 1946, page 88, of an article in 
the Journal of Applied Physics, July, 1945, page 379. 

+ T. D. Yensen, Trans. A.I.E.E., 43, 145 (1924); 





U.S. Patent 2,050,408, August, 1936. 
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COLLOIDAL CARBON.* 
By Masor W. H. Capman, M.B.E., B.Sc., F.R.LC. 


Tue fact that pictures, prints, printing, writing and 
many other applications in the arts all depend to a 
large extent on carbon black, or “ colloidal carbon,” as 
I prefer to call it, makes a short description of these very 
finely-divided black organic substances an appropriate 
subject to bring before the Fellows of the Royal Society 
of Arts. It is not strictly correct to call all black 
materials of a sooty nature carbon black, although 
lamp blacks are sometimes loosely referred to as such. 
Under the generic or collective name of “ colloidal 
carbon ” are included all grades of lamp black, impinge- 
ment blacks, furnace, thermal and acetylene blacks, 
but not the mineral blacks, nor animal and vegetable 
chars, which are not colloidal, no matter how finely 
they may be ground or powdered. Colloidal carbons 
are ultra-microscopic in size and are so-named because 
they possess characteristic properties of substances 
which the chemist defines as “colloids.” Colloidal 
carbons are not pure carbon, but they contain a high 
percentage by weight of carbon, which may vary from 
85 per cent. to 99 per cent., or more. 

The first plant to make carbon black from natural 
gas on a commercial scale in the United States was 
built in West Virginia in 1872. .In this, natural gas 
flames impinged upon soapstone slabs cooled by 
running water, and the black deposited on the slabs 
was scraped off by hand. It is recerded that the plant 
paid for itself in three months. The material used in 
the building of this plant was largely wood, which 
caught fire after a few months and resulted in the 
complete destruction of the plant. In the next plant 
to be built, iron was substituted for wood and the 
depositing surfaces were made of cast iron and sta- 
tionary iron scrapers were added to remove the black 
from a drum. 

During the next ten years, several other manufac- 
turers started making carbon black from natural gas, 
using water-cooled iron pans as collecting surfaces. 
The gas at that time was considered as a waste product 
and would otherwise have been allowed to escape into 
the air. In 1887, the production of carbon black had 
reached the rate of 1,000,000 lb. a year. In 1892, 
McNutt patented the reciprocating channel process, 
which’ almost entirely displaced other impingement 
methods of manufacturing carbon black for more than 
50 years afterwards. In 1916, Brownlee and Uhlinger 
patented a cracking process for decomposing natural 
gas into carbon and hydrogen, and a commercial plant 
came into operation for the production of “ therm- 
atomic” black by this process in Louisiana in 1922. 
The plant was originally installed to produce hydrogen 
for airships, the soft black product then being of no 
value. The production of furnace blacks by the 
combustion process began in 1927. 

Up till 1915, carbon black was used principally as 
a pigment, and in the early days of manufacturing 
rubber tyres, during which white zinc oxide was mostly 
used as reinforcing agent in compounding rubber, a 
little carbon black was added, about three parts by 
weight to a hundred parts of rubber, in order to produce 
black tyres. The story has been told in America, that 
during the war of 1914-18 a rubber compounder in 
England added 30 per cent. of carbon quite by mistake 
instead of 3 per cent. The result was an exceptionally 
good tyre. Whether the story is true or not I do not 
know, but the fact remains that (with one exception, 
in which the possession of the British formula is 
admitted), the Americans have always given the British 
credit for the discovery of the reinforcing properties 
conferred on rubber by compounding it with colloidal 
carbon. 

Dealing with this subject, Dr. D. F. Twiss, in a lecture 
to the Institution of the Rubber Industry in 1929, 
said: ‘About 1910 the Silvertown Company in 
England discovered that carbon black (as used for 
printers’ ink) made by the incomplete combustion of 
hydrocarbon gases, in which the soot was collected by 
allowing the flames to impact on a relatively cold sur- 
face, had an exceptional toughening action on rubber. 
Used not merely as a pigment, but in a considerable 
proportion in the rubber of a tyre-tread, the life of 
the latter and its resistance to wear were greatly 
increased.”” The American rights for the new Silver- 
town cord tyre were acquired soon afterwards by 
B. F. Goodrich, and the formula for compounding 
rubber with carbon black was taken to the United 
States from England. As a result of this discovery at 
Silvertown, the American production of colloidal 
carbon increased rapidly from 3,000 tons in 1900 to 
more than 500,000 tons in 1945. 

The particles of colloidal carbon are so very tiny 
that they cannot be seen individually in the most 
powerful microscope. This is because the diameter of 
each particle is less than that of the wavelength of 
light. It was not until they were examined by the 





* Paper read before the Royal Society of Arts, London, 
on May 29, 1946. Abridged. 





electron microscope that the true shape of the particles 
was revealed and the direct measurement of the 
particle size became possible. From these measure- 
ments, the surface area of a particle of colloidal carbon 
can be calculated. When magnified up to 100,000 
diameterz, the ultimate particles of colloidal carbon 
appear in electron microphotographs as spherical or 
spheroidal in shape and with non-serrated surfaces. 
In the case of lampblack, chain and net structures 
occur, which are never seen in impingement or thermal 
black. A convenient way of comparing the different 
groups and grades of colloidal carbons, in relation to 
particle diameters and surface areas, as well as to their 
properties, is by means of carbon spectrum charts. 
Such charts were first published by the Research 
Laboratories of the Columbian Carbon Company. 

The mean diameter of the particles of a good rubber- 
reinforeing channel or impingement black—such as 
Micronex A-~is approximately 28 milli-microns (28 my), 
or about a millionth part of an inch. The coarser type 
of black with the largest particle size seen at the top 
of the spectrum chart is Thermax, a medium thermal 
black. It has practically no reinforcing effect in 
rubber, whereas P.33, seen lower down in the chart 
with a smaller particle size, about a quarter that of 
Thermax, has a reinforcing effect. P. 33 is a fine 
thermal black made in exactly the same way as 
Thermax, by cracking natural gas in a ‘** thermatomic ” 
plant, but the natural gas used is first diluted with 
about twice its volume of inert gas. 

As regards the furnace blacks, those with an average 
particle size of about 83 mp appear in the semi- 
reinforcing region, but there are other furnace blacks 
now being made of about half that average particle 
size which come lower down in the chart. Still lower 
down are the fine furnace blacks like Statex A, with an 
average particle size of only 34 my. The fully re- 
inforcing channel or impingement blacks; come next 
down the scale, in the region 25 my to 30 my, while 
the channel blacks used for pigments in paints and 
lacquers fall in the lowest or colour region of the 
spectrum. These very small particle blacks are diffi- 
cult to disperse in rubber, and cost more to make than 
the channel blacks used with rubber. 

From the spectrum charts, it is possible to deduce 
a few generalisations, such as: the finer the grade of 
channel black used for rubber compounding, the better 
the reinforcing and wearing properties, but the greater 
the difficulty in processing. The colour of the black is 
closely connected with particle size ; it increases gradu- 
ally with the fineness, the coarsest being the greyest, 
and the finest, the darkest. Oil absorption is intimately 
related to particle size. The limit of particle size in 
rubber reinforcement is not yet known. The finest 
material used so far for rubber reinforcement is channel 
black. It has been pointed out by Dr. Twiss that 
particle size is not the only factor involved, because 
there are materials of exactly the same particle size, 
but of different composition, which have quite different 
reinforcing effects on rubber. He attributes this to 
the different degree of adhesion or inter-surface relation- 
ship between the particles and the rubber. It is 
generally found that the smaller the particle size, and 
consequently the greater the surface area, the better 
the reinforcing effect. 

Carbon black possesses an enormous surface. W. G. 
Wiegand, working in Canada in the early days of the 
electron microscope, has found that the surface area 
of carbon black ranges from 1 acre to more than 
12 acres per lb. He divided them roughly into four 
classes, each comprising a range of 4 acres. The 
blacks in each range have well-defined characteristics. 
Until recently, the 4 acres to 8 acres range was an 
unexplored region, but this gap in the spectrum has 
now been filled, by the high modulus furnace (H.M.F.) 


made to determine the surface area and the behaviour 
of carbon blacks as pigments in paint and ink. I[t has 
been found that the absorption of light and, therefore, 
the degree of blackness, increases with increasing 
surface area. The high colour impingement blacks 
range from 15 acres to 35 acres per pound. 

The reinforcement of rubber by carbon black is 
roughly proportional to the amount incorporated, up to 
about 40 per cent. by weight. The optimum loading 
ranges have been found to be: (a) for maximum 
toughness and “‘ liveliness ” such as is required in solid 
rubber tyres, upto 24 per cent. by weight; (b) for 
maximum wear resistance and energy absorption, 
such as is required in tyre treads and rubber footwear, 
from 24 per cent. to 65 per cent. The blending of 
coarse with fine particle carbons is generally unsatis- 
factory and the use of individual blacks is preferred 
when possible. 

During the war of 1914-18, Germany manufactured 
about 2,350 tons of synthetic methyl rubber at Lever- 
kusen. The product was of such poor quality that it 
would only be used under the stress of necessity. The 
Kaiser ordered a set of tyres made from this material 
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any length of time, as otherwise the tyres became 
permanently flattened underneath. Whitby and Katz, 
in recording this fact, commented that, had the German: 
known of the reinforcing effect of carbon black at that 
time, and had this product been available to them, the 
story of the Great War might have been very different. 
since even indifferent synthetic rubbers respond to the 
beneficial effect of compounding with carbon black 
By 1920, the value of carbon black was fully recognised 
by the tyre industry. Tyre treads usually contain 
about 45 parts of furnace or channel black per 100) 
parts by weight of rubber, inner tubes about 35 parts 
of furnace or thermatomic carbon black, and the 
carcasses of tyres about 25 parts of furnace black pe: 
100 parts of rubber. 

The raw material which is by farthe most extensively 
used in the production of colloidal! carbon is natural gas, 
supplied by the petroleum industry. About 60 years 
ago, there was little or no demand for natural gas in 
the United States, and no means of conveying it to 
distant markets. It was simply carried in large ducts 
or pipelines to a safe distance from the wells and burnt 
in huge flares to get rid of it. This surplus and other- 
wise waste gas has been supplied by the petroleum 
industry to the manufacturers of channel black and 
other forms of colloidal carbon at a very cheap rate. 
Natural gas is largely composed of methane and has a 
calorific value about double that of coal gas. No 
wonder natural gas has become a fuel of major import- 
ance. It now forms four-fifths of all the gas used in 
the United States. For its transport to places where 
it can be used for industrial or domestic heating, the 
greatest mileage of gas pipelines in the world has been 
constructed. The total marketed production in 1910 
was about 500) thousand million cub. ft., about half 
of which was used in factories as fuel and less than 
1 per cent. as raw material for synthetic chemicals. 
The rest was made use of in the oilfields, and gas 
fields, as fuel and in the making of carbon black. In 
1944, about 355,770,000,000 cub. ft. of natural gas 
were used for producing carbon black alone. 

To produce a high yield of the furnace black known 
as Philblack, the gas is enriched with heavy petroleum 
fractions, known as “‘ tank bottoms.’’ So far, no other 
cheap raw materials have been found for the large- 
scale manufacture of colloidal carbons to compare with 
natural gas, where this petroleum product is available. 
other than waste refinery gases. 

When the supplies of carbon black from the United 
States presented difficulties during the war, the pro- 
duction of acetylene black from calcium carbide 
obtained from coal increased rapidly in Canada. Of 
the few other materials which have been found suitable 
for the production of colloidal carbon in Europe, the 
most important are coal products. In Great Britain, 
Reckitts, of Hull, started making carbon black at 
Middlesbrough in 1908 by an impingement process, 
using rotating plates. The raw material was coke-oven 
gas enriched with benzol, and later with naphthalene. 
The plant had a capacity of 150 tons per annum, and 
the work done with it was of an experimental nature. 
In 1911, the same firm erected a larger plant, of 500 tons 
per annum capacity, at Thornhill, near Dewsbury. The 
reason given for closing down the plant in 1933 was 
that ‘ by then the process was not economical.” 

Another attempt to produce colloidal carbons com- 
parable with the best imported American blacks, from 
raw materials available in the United Kingdom was 
made early in the war at the D.S.I.R. Chemical Re- 
search Laboratory, Teddington. In order to test the 
possibilities of producing carbon black from the indi- 
genous raw materials—coal-tar oil and pitches, and 
petroleum residues—a small impingement process pilot 
plant was constructed. Preheated coal gas or other 
carrier gas, enriched with the vapours of liquefied tar. 





black with 6 acres to the pound. An attempt has been |-pitch or petroleum residue, was passed through a 


heated burner tube to six burners, where it burnt in 
a controlled supply of air. The flames froni the burners 
impinged on a slowly revolving horizontal iron roller. 
This roller could be cooled by circulating water or 
air through it. The carbon black was removed from 
the roller by wire brushes as it was deposited, and 
collected in bags. Yields up to 50 per cent. by weight 
of the crude oil were obtained in some of the experi- 
ments. The tests made with the blacks showed that 
some of them were comparable with American medium 
grade black and that they could be produced from a 
wide range of indigenous raw materials. The impinge- 
ment process was selected for this investigation, because 
it was considered to represent the best, if not the only, 
method of producing fully reinforcing carbon blacks. 
Specimens of the blacks were tested in natural and 
synthetic rubbers by rubber manufacturers. These 
indicated that blacks of a satisfactory quality for rubber 
reinforcement can be obtained by this process from tar 
products and certain petroleum residues. 

4 British process, invented by Mr. Leon B. Jones, 
of the Jones Gas Process, Limited, was primarily 
intended to produce a high yield of 400 B.Th.U. gas. 
At first the raw material was coal tar. This process 





to be put on his car. His driver was obliged to jack 
up the wheels whenever the car was standing idle for 





somewhat resembles the American thermatomic process 
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INTERNAL-THREAD COMPARATOR. 


MACHINE SHOP EQUIPMENT, LIMITED, LONDON. 
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for making a hydrogen and a soft thermal black from 
natural gas. It is a cyclic cracking process, producing 
carbon at the same time as the gas. As this was 
separated by water, a carbon-black paste was formed 
for which there was no market. In 1943, it became 
necessary to substitute soft pitch for the tar. At the 
same time, cyclone separators were introduced so as 
to obtain the carbon black in a dry form. As a result 
of this, what was at first a useless by-product, the 
carbon-black, became the principal product. The 
process was made use of by the Severn Valley Gas 
Corporation, Limited, at Cheltenham Gas Works, and 
a second plant was installed at Gloucester. The 
capacity of these two plants together is 2,000 tons of 
black a year, the yield being about one-third of a ton 
of black per ton of pitch treated. The uct is a 
soft medium thermal black of a greyish colour called 
‘ Seval.” A similar plant, also using the Leon Jones 
process, has been installed by the Swindon United 
Gas Company, using a similar raw material, pitch or 
a mixture of pitch and creosote oil The Swindon 
product is called “‘ Bar” black. Both Seval and Bar 
blacks are made use of by the rubber industry. 

There are three companies operating lamp-black 
plants in the United Kingdom, using creosote oil or 
other coal-tar products as raw material. The total 
production of lamp-black is about 10,000 tons per 
annum. At the present time, a Government Com- 
mittee is inquiring into the possibilities of manufac- 
turing carbon black on a large scale from indigenous 
raw materials in Great Britain in view of the uncer- 
tainty of future supplies. The report of this committee 
is not yet published. The quantities of carbon blacks 
imported in 1945 into the United Kingdom shown in 
the latest published Board of Trade Returns were 
784,339 cwt. from natural gas, and 11,855 cwt. of 
other blacks, including vegetable, lamp and acetylene, 
totalling over 39,000 tons and valued at 1,676,708I. 

A recent list of all the carbon-black plants in the 
United States was published in 7'he Oil and Gas Journal 
for March 9, 1946. There were 54 colloidal-carbon 
plants in operation early this year, exclusive of acety- 
lene and lamp-black plants, made up as follows :— 
channel process, 32 ; furnace (combustion process), 15 ; 
thermatomic (thermal decomposition), 2; roller or 
rotating cylinder, 4; and disc or wheel, 1. Thirty- 
seven of the above plants were in Texas. Originally 
only one grade of black was produced by each process, 
and it was not possible to make grades of black from 
any one plant suitable for all purposes. Now it is 
possible to make several grades of black, to meet the 
demands of the rubber, paint and other black con- 
suming industries, by modifications of one and the 
same process. This is frequently done to-day. The 
four most important processes and the approxi- 
mate production and yields of each in the United 
States in 1945 are shown in Table I. 

The channel process is an impingement process, in 
which natural gas is burned in fan-shaped smoky 
flames in a limited supply of air. Lava tips are used 
in the burners. No air is mixed with the gas before it 
passes to the burners. The flames impinge on com- 
paratively cool metal surfaces in the form of horizontal 
steel channel irons, which are caused to move slowly 
to and fro over the flames. As the black is deposited 
on these reciprocating channels, it is scraped off by 
stationary iron scrapers. The yield of black per 
1,000 cub. ft. varies from 1 lb. to 2 lb. The product is 
unequalled in colour and reinforcing power when 
compounded with natural rubber. The recovery of 
carbon by this process seldom reaches 5 per. cent. of 
the theoretical amount available in the gas. The 
function of the channel is not only to collect the black 
as it is formed, but also, being relatively cool, to 
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prevent its complete combustion. As scraped from 
the channels the black is fluffy and very light, because 
it contains about 97 per cent. by weight of air and 
adsorbed gas. A cubic foot weighs only 3 !b. It also 
contains a small quantity of grit, which for the most 
part consists of small fragments of hard carbon. This 
must be removed before the black is ready for packing. 
The treatment for grit removal consists in either passing 
the black through a bolting machine consisting of 
micro-pulverisers and fine mesh sieves, or it is done 
by means of air separation methods. 
The entrained air and gas must also be removed 
as far as possible. The extent to which this is done 


TABLE I. 





Production Average Yield 





Process in 1945. per thousand cub. ft. 
(Millions of Ib.) of Natural Gas. 
(i) Canenitinginge | 612 1-5 1b. (1-0 to 2-1). 


ment 
(ii) Thermal (crack- ins 


| 10 Ib. (12-5 exclud- 
ing, cyclic) | 


| fuel. 
| 16 Ib. 
| 10 Ib. (6 to 16 Ib.). 


(iii) Furnace (partial 603 
combustion, con- | (iiand iiicombined)} 
tinuous) | | 

(iv) Lampblack (rub- 20 4 to 5 Ib. per gallon 
ber grade) | | of oil. 


depends on the particular grade of black and its 
subsequent use. If it is required as a pigment for ink 
and paints, the simple agitation of the black is sufficient 
to expel the air and gas to enable a cubic foot to weigh 
about 13 lb. For use by the rubber industry a different 
treatment is necessary. The material was at first 
put into multi-ply paper bags; these were then 
compressed in order to reduce the bulk for transport 
purposes. Even when the bags were heavily com- 
pressed in hydraulic presses, so that a cubic foot 
weighed 25 Ib, there still remained the dust problem 
at the rubber factories. The latest treatment is to 
convert the black into dustless beads or pellets which 
are slightly denser than the heavily compressed black. 
This can be done by either wet or dry processes ; when 
the wet process is used a minimum amount of water, 
about 50 per cent., is mixed with the black. This is 
then subjected to agitation until pellets are formed, 
or the paste is extruded through holes to produce rod- 
shaped granules. Both the pellets and the granules 
are subsequently dried in rotary driers, and passed 
through sieves. The pellets are strong enough to allow 
them to be handled like grain. They flow easily and 
can be transported in bulk in tank wagons or ships. 
(To be continued.) 
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THE instrument illustrated in Figs. 1 and 2, on this 
page, has been developed recently by Messrs. Machine 
Shop Equipment, Limited, 136-142, Victoria-street, 
London, 8.W.1, for the rapid and precise measurement 
of the effective diameter of internal screwthreads. It 
was designed originally for checking the production of 
ring screw gauges to close limits, but it is clear that it 
should facilitate the inspection of all internal screw- 
threads within the limits of its capacity which, in the 
standard pattern, is for threads from # in. to 8 in. in 
diameter and from 20 threads to 4 threads per inch. 
The new instrument does not displace the ordinary 
screw plug gauge, vernier caliper, etc., but when 
small quantities of parts are involved, it is not generally 
practicable to provide special gauges and, moreover. 
these may be awkward to handle when checking 
internal threads during the machining operation. 
Moreover, it is claimed that the readings obtained 
from the dial indicator on the new comparator are 
positive, consistently accurate, and not dependent on 
the personal idiosyncracy of the operator since the 
question of “ feel” is not involved. 

Referring to Fig. 1, it will be seen that the instru- 
ment consists of a beam, on which slide a pair of heads 
carrying brackets furnished with projecting ball tips, 
and a dial indicator. The beam is 9 in. long and is 
formed with V-grooves in two opposite faces to prevent 
any side shake of the sliding heads. The head on 
the left can be adjusted along the beam by means of a 
micrometer screw on a small sliding head. The head 
on the right floats on the beam, and bv its movement 
actuates the plunger of a dial micrometer which is, 
of course, attached to the beam. The sliding head on 
the left is not moved during the measuring process. 
Both it and the micrometer head are adjusted along 
the beam to suit the diameter of the work, the micro- 
meter head being then clamped to the beam and the 
sliding head being first adjusted by the micrometer 
screw to set the indicator pointer to zero and then 
being clamped to the beam. The actual measuring 
part is the floating head which runs on high-precision 
ball bearings having spacing springs to prevent irregular 
grouping of the balls. A central spring acting on the 
beam gives an outward, or expanding, thrust to the 
floating head so that the loading on both ball tips is 
always consistent and does not exceed 12 ounces. It 
is stated that the movement of the floating head is 
particularly sensitive and that there is no tendency 
for it to bind or lock in whatever position the instrument 
may be held or operated. 

The instrument is set by means of a composite master 
gauge built up from a pair of V-jaws and standard slip 
gauges as shown in Fig. 2, this assembly being rigidly 
clamped in a holder, not shown. The two V-jaws are 
indicated at a and the standard gauge blocks at 6, one 
of the V-jaws being raised on a block c of a thickness 
equal to half the pitch of the thread to be checked, this 
asymmetry allowing for the helix angle of the thread. 
The depth of groove for the thread in question is 
indicated at d. The angular depth of the thread 
amounts to 0-960491 x pitch for threads of Whitworth 
form (55 deg.) and to 0-8660 x pitch for threads of 
metric form (60 deg.). If the effective diameter to be 
checked be taken as X, and the angular depth of thread 
as Y, then the distance S, that is, the sum of the 
thickness of the slip gauges used, will be (X + Y) — 2d. 


;| The actual dimension d is engraved on the jaws used. 


The comparator is set by inserting the ball tips in the 
grooves and adjusting the sliding head by means of 
the micrometer screw until the pointer of the dial 
indicator is on the zero mark. 

The actual operation of the comparator is simple. 
The floating head is retracted sufficiently far to enable 
the ball tips to be inserted in the threads of the work, 
and the instrument is then gently rocked over the dia- 
meter to find the mean position, when the pointer will 
show whether the work is to size or the amount of 
deviation from the nominal effective diameter to which 
the setting was made. The dial gauge is graduated to 
read in increments of 0-0001 in. for British measure- 
ments, or of 0-002 mm. for metric measurements. 
The brackets carrying the ball tips are reversible 
to allow the beam to be comparatively short. The 
normal set of parts includes three pairs of ball tips for 
use, respectively, with screws of four to seven threads 
per inch, seven to 12 threads per inch, and 12 to 
20 threads per inch. There are also two pairs of 
V-jaws for setting 55 deg. and 60 deg., if both are 
required, and a simple stand for bench use in setting. 





DWIGHT-LLOYD SINTER PLANT AT MIDDLESBROUGH.— 
Messrs. Dorman, Long and Company, Limited, Middles- 
brough, have placed an order for a complete sintering 
plant with Messrs. Huntington, Heberlein and Company, 
Limited, 114, Cromwell-road, London, S.W.7, who are 
licensees for the Dwight-Lloyd continuous sintering 
equipment. 
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ROLLER LEVELLING MACHINES 
FOR ARMOUR PLATE. 


THE heavy-duty roller levelling machines illustrated 
in Figs. 1 to 7,,on this and the opposite pages, and on 
page 60, have been produced to meet a need which 
became apparent during the war period, namely, the 
levelling of the armour plates for tanks, large numbers 
of these plates being required. In these circumstance;, 
the earlier process of levelling the plates in hydraulic 
presses and two-high roller levellers proved to be too 
slow, and Messrs. Head, Wrightson, and Company, 
Limited, Teesdale Iron Works, Thornaby-on-Tees, 
therefore developed a roller levelling machine capable 
of dealing with tank armour plate up to 12 mm. 
thick by 40 in. wide. This design was followed by 
one for levelling plates up to 20 mm. thick by 60 in. 
wide, and, ultimately, as the demand for thicker 
tank armour increased, by a machine capable of 
taking plates up to 25 mm. thick by 86 in. wide. 
All three sizes of machine embody the same basic 
principles of design. There are 11 levelling rolls, six 
in the top movable assembly, and five in the bottom 
fixed assembly. All the levelling rolls are backed 
by supporting rolls of the same diameter as the work- 
ing rolls, while at the entering end a pair of opposed 
pinch rolls of larger diameter is fitted to facilitate the 
feeding-in of heavy plates. The heaviest machine, 
shown in Fig. 1, has working and backing rolls 11 in. 
in diameter, and pinch rolls 14 in. in diameter. The 
medium machine, shown in Fig. 2, has working and 
backing rolls 8 in. in diameter, and the smallest machine 
has rolls 6 in. in diameter. All the levelling and pinch 
rolls in each machine have separate drives. 

Although the general construction of the levelling 
machines is shown in Figs. 1 and 2, it is necessary to 
examine Fig. 5 to understand the nature of the work 
required of them. This illustration shows a partly- 
levelled plate on a test bench, the tests being carried 
out shortly after the first 8-in machine had been 
completed. The armour plate on the test bench is 
60 in. wide by } in. thick, and had a tensile strength of 
65 tons per square inch. The portion of the plate 
on the extreme left shows it in the unflattened condition 
as delivered from the rolling mill. Nearer the centre, 
ahd indicated by two chalk marks on the side of the test 
bench, is a portion at which the rolls were just beginning 
to flatten the plate. This portion includes regular cor- 
rugations, while on the remainder of the plate, from the 
right-hand chalk mark to the extreme right of the 
illustration, the surface is quite level. The test was 
carried out by passing the plate, as received, into the 
levelling machine for approximately half its length. 
The toproll assembly was then raised and the plate was 
run out; it will thus be evident that the level surface 
on the right of the chalk marks was produced by only 
one pass through the rolls. 

In view of the reference just made to the. raising of 
the top assembly. the description of the construction of 
the levelling machines may commence with a reference 
to the means provided for varying the setting of the rolls; 
that is for changing the vertical distance between them. 
The distance in the horizontal plane is fixed. There 
are two distinct adjustments for this roll setting, 
the first being the raising of the top assembly of six 
rolls as a whole, this adjustment being used mainly 
when a change is made in the thickness of the plate 
being levelled. The second of the two adjustments 
of the top rolls takes the form of individual adjustment 
for the first two top leveller rolls on the entry side and 
the two last rolls on the exit side, the two centre top 
rolls being fixed relatively to the top housing. The 
adjusting arrangements will be best understood by 
reference to Fig. 2, in which the positions of the rolls 
can be identified by the opposing rows of small plates, 
with angularly-formed edges, these plates covering the 
roll bearings on that side. It will be noticed from this 
view that while the bearings of the five bottom rolls are 
mounted on a common beam inset in the bottom 
housing, those of the top rolls are provided with 
separate beams which can be adjusted vertically, with 
the exception of the two centre rolls. This arrange- 
ment enables the machine to be set, in case it has to 
be reversed to deal with a badly-buckled plate, so that 
the” plate will emerge from the entry rolls relatively 
flat. With this method of working, the major part 
of the levelling would be done by the central group of 
two top rolls and three bottom rolls, with a gradual 
easing of the amount of levelling towards the outer 
rolls at the entry and exit ends. The top housing can 
be adjusted vertically by the screw-down gear, to be 
described later, this adjustment enabling the top roll 
assembly to be raised or lowered as a whole. The 
amount of adjustment is indicated by levers terminat- 
ing in pointers moving over graduated quadrants. The 
fulcrum of the lever is attached directly to the top 
housing and the short arm to the bottom housing by a 
link. In consequence, the amount of separation or 
approach of these two housings is accurately deter: 
mined. A somewhat similar device is employed to 
indicate the displacement of the four end top rolls, the 
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levers having their fulcra on the adjustable beams and 
the short-arm links being anchored to the top housing. 
The six quadrants involved can be distinguished in 
Fig. 1, though the relation between them and the lever 
pointers is only evident on the right in Fig. 2. 

The pinch-roll bearings, seen to the right of Fig. 2, 
are treated differently. The top-roll bearing is fixed 
relatively to the top housing, and the bottom-roll bearing 
is spring-loaded, but is restrained in such a way that 
the roll cannot rise above the level of the bottom level- 
ling rolls. The spring pressure is adjustable, and this 
loading device ensures that when the top-roll assembly is 
raised to deal with thicker plates the pre-set gap between 
the opposing pinch rolls is automatically maintained 
so that there is no difficulty in entering the plates. 
The short rolls prominent in Fig. 1 are the backing rolls 
for the last pair of levelling rolls, this view showing the 
exit end of the machine. There are two backing rolls, 
in line, to each levelling roll, although only one, top 
and bottom, is visible in Fig. 1. One of a pair of 
vertical guide rolls, which are fitted at both the entry 
and exit ends, is also visible in Fig. 1. It will be 
understood that the backing rolls are carried in bear- 
ings which, in the case of the four end top levelling 
rolls, move with those rolls when any change is made 
in individual roll setting. The levelling rolls are 
mounted in hard-wearing bronze alloy bushes heavily 
proportioned. The backing rolls are mounted in 
Timken heavy-duty two-row taper-roller bearings. At 
this point the lubrication of the bearings may be 
referred to. It will be clear from Fig. 2 that lubri- 
cation is supplied to each of the levelling-roll and 
pinch-roll bearings by a pipe, the several pipes converg- 
ing to a point at the top of the machine where they join 
a motor-driven mechanical grease pump. There is 
one of these pumps for each side of the machine, and 
they can be identified in Fig. 7. The bearings of the 
backing rolls, four bearings in the width of the ma- 
chine, or 44 bearings in all, are lubricated by grease 
gun, the nipples for which can be seen in Fig. 2, above 
and below the roll-bearing cover plates. 

A detail apparent in Fig: 2, but hidden by a cover 
plate in the other illustrations, is a hydraulic ram 
at each corner of the machine, situated above the 
bosses for the lower cross tie rods. The top housing 
moves vertically on four heavy columns of forged 
carbon steel, which are formed with threads at the 
top. The corresponding nuts, the rotation of which 
give the vertical movement to the housing, are in 
the form of worm wheels made of a special hard phosphor- 
bronze. The mating worms are made from 0-6 carbon- 
steel forgings and are keyed to transverse shafts driven 





+ £ 


tis 
t 


‘pian tia 
ee 





AND Princu ROoLts. Fig. 4. 


through worm reducing gear by a central motor, the 
whole lay-out of the screw-down gear being clearly 
visible in Fig. 7. Theoretically, the screw-down gear 
should afford a precise adjustment of the vertical 
distance between the top and bottom levelling rolls, 
but in practice it is desirable to provide an upward 
thrust to the top housing so that if any play develops 
through wear, the worm-wheel nuts always bear on 
the housing. There is no clearance to be taken up 
between the worm wheels and the top housing when a 
plate is entered into the machine. Obviously, such a 
compensating effect is of importance to ensure accurate 
setting for plate thickness, and it is to provide it that the 
hydraulic rams referred to above are fitted. These 
rams can also function as hydraulic jacks when it is 
necessary to raise the top housing by more than the 
standard amount for maintenance pu If a 
hydraulic supply is not available in the works in which 
the leveller is used, it may be conveniently obtained by 
the arrangement shown in Fig. 6, which shows an 
actual installation. In this view, a small air compressor 
is seen mounted on a receiver near the end of the left- 
hand roller table and behind it. This provides the 
pressure necessary to operate the hydraulic intensifier 
visible to the right of the compressor; the intensifier 
supplies oil at a pressure of 1,500 Jb. per square inch to 
the compensating rams, and the whole installation is 
thus self-contained. 

Fig. 6 also shows, just above the man seen at the 
control desk on the right, four ratchets which, from 
their position on the housing near the indicating 
quadrants, are obviously connected with the indi- 
vidual adjusting gear of the four outside top levelling 
rolls. The adjusting gear operated by the ratchets 
is, in effect, a small version of the screw-down gear, 
though the worm-wheel nuts are mounted on ball 
thrust bearings to permit easy hand manipulation. 
Both ends of the rolls concerned are raised or lowered 
simultaneously and by the same amount, but adjustable 
couplings are fitted to the cross-shafts to enable 
the top rolls to be maintained parallel to the bottom 
rolls. Incidentally, there is a somewhat similar device 
on the worm shafts of the main screw-down gear, 80 
that the top housing can be adjusted for parallelism 
relative to the bottom housing. When levelling heat- 
treated armour plate having a tensile strength of 
100 tons per square inch, the occasional breaking of 
a plate was inevitable, and it was to meet such a 
contingency that extra lift was provided on the top 
assembly, in excess of the amount required for 
normal levelling. This extra lift enables the broken 








pieces to be removed easily ; otherwise their removal 
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would be difficult owing to the staggered disposition of 
the top and bottom levelling rolls; examination of 
the condition of the rolls is also facilitated. The 
extent of this extra lift of the top housing can be 
estimated from Fig. 4, the rolls being obviously so 
widely separated vertically that they exert no pressure 
on even a badly-buckled plate. The particular machine 
shown in this illustration is an 11-in. machine capable 
of handling plates 86 in. in width. The exit end is 
to the right. 

The drive is by an electric motor through a triple- 
reduction gearbox, the motor, as will be evident in 
Figs. 1 and 6, being situated on top of the gearbox, 
which is mounted on a base rigidly attached to the 
bottom housing. From the gearbox, transmission is 
made to each of the levelling rolls and the pinch rolls, 
so that there are 13 final drives in all. Some of these 
drives can be seen in Fig. 3; couplings of the universal 
type are necessarily employed. All the gear wheels 
and pinions of the drive have single helical teeth and 
all the shafts are mounted in Timken taper-roller bear- 
ings. The flexible spindles are totally enclosed and are 
provided with spray lubrication, the oil impinging on 
each flexible joint. A gear-type pump, driven by chain 
from one of the rolls, supplies the pressure oil for the 
sprays. The arrangement of the pump and pipes can 
be seen in Fig. 3, in which the cover of the casing 
has been removed. A built-in gear pump provides 
pressure lubrication to both the gears and the bearings 
in the gearbox. The amount of oil required for initial 
filling, in the case of the 11-in. machine, is 120 gallons. 
The gearbox is split along the planes of the shafts 
for ease in dismantling. That in Fig. 1 is of fabri- 
cated steel, while that seen to the right of Fig. 3 is 
a casting; with both methods of construction lifting 
lugs are provided. As regards materials generally, 
all the main castings are of steel. The levelling rolls 
are made of a special alloy steel, heat-treated and 
surface-hardened to between 90 deg. and 95 deg. Shore 
Scleroscope reading, this material standing up well 
to the very arduous conditions imposed in the cold 
levelling of hardened armour plate having a tensile 
strength of up to 100 tons per square inch. The top 
platform, seen in Fig. 7, is of fabricated steel and has the 
necessary handrails and access ladder. The casing seen 


near the left-hand worm shaft in the background of 
this view houses a limit switch in connection with the 
screw-down gear. 

It will be clear that the machines seen in Figs. 1, 2 
and 4 are in the erection stage, and that a considerable 
portion of the bottom housing, gearbox base, etc., is 
below the floor level. 


The Il-in. machine shown in 
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Fig. 1 is sunk about 4 ft. 3 in. below the floor level, 
its total height above the floor, to the top of the 
platform handrail, being 12 ft. The centre line of the 
pass is 2 ft. 6 in. above the floor. The overall length 
from entry end to exit end is 16 ft. The columns are 

14 in. in diameter and the top housing castings weigh 
17 tons each. The total weight of the 11-in. machine 
is 250 tons, and the levelling speed is 30 ft. per minute. 
The driving motor develops 120 h.p. at 730 r.p.m. 
The screw-down motor is of 25 brake horse-power, and 
the two grease pumps are driven by }$-h.p. motors. 
The main drive is reversible, but only when plates of 
medium thickness are being levelled is it possible to 
reverse the machine with a plate in it if it should 
be necessary to bring the partly-levelled plate out 
again. With plates of a thickness nearer the maximum 
capacity, the plate must be run right out of the machine 
before reversing ; otherwise the starting load with the 
plate between the rolls would be too great for the 
motor. A single pass, however, is generally sufficient 
to obtain a level surface. The general control, apart 
from the individual roll setting, is shown in Fig. 6, in 
which the switchgear cubicle is seen on the left and 
the control desk towards the right. At each end of 
the machine is a live-roller table for entering the 
buckled plates and receiving them after flattening. 
This machine has 11-in. rolls and handles plate. up to 
72 in. wide. 

As previously mentioned, the machines described above 
were designed for a specific purpose connected with 
the war effort, but, with the return to peacetime produc- 
tion, it was realised that machines of this type would be 
eminently suitable for the levelling of steel plates, 
particularly for the shipbuilding industry which now 
requires flatter plates than formerly in view of the 
extending use of welded construction. Because of the 
increasing demand for the products of the Steelworks 
Plant Department of Messrs. Head, Wrightson and 
Company, Limited, who were responsible for the design 
and construction of these levellers, a separate company 
has been formed recently, to be known as The Head 
Wrightson Machine Company, Limited, with offices and 
works at Commercial-street, Middlesbrough. The 
parent company will still function in other directions 
at Teesdale Ironworks, Thornaby-on-Tees. 





GAUGE AND TOOL MAKERS’ ASSOCIATION.—The Gauge 
and Tool Makers’ Association is planning a visit to the 
International Fair in Prague, which will be held from 
Sunday, September 15, to Sunday, September 22. The 
Association is also arranging for a party of directors of 
member firms to visit the United States next year to 
coincide with the annual exhibition and convention of 
the American Society of Tool Engineers. 





GOVERNMENT SALES OF MACHINE Toois.—It is 
announced that three additional centres for the sale of 
Government machine tools will be opened by the Ministry 
of Supply on Tuesday, July 23, at Elstow, Kempston 
Hardwick, Bedford; Capenhurst, near Chester, and 
Saltney Ferry, near Chester. This will increase the 
number of machine tool selling centres to eight. An 
‘on-site’ sale of surplus machine tools will also be 
opened at the Rolls Royce factory, Hillington, Glasgow, 
on Wednesday, July 31. 





RESETTLEMENT COURSES IN ILLUMINATING ENGINEER- 
1nG.—The Ministry of Labour and National Service, 
having accepted illuminating engineering as a subject 
for resettlement training courses, the first of these on 
this subject has been taking place, with the assistance of 
the Illuminating Engineering Society, at the Borough 
Polytechnic, and is now in its final stages. Some twenty 
students who are completing their training will shortly be 
available for employment in the lighting industry. A 
more complete course, which is expected to last nine or 
ten months, will commence in September. Further 
information can be obtained on application to Mr. C. E. 
Greenslade, Borough Polytechnic, London, S.E.1, or 
to the secretary, The Illuminating Engineering Society, 
32, Victoria-street, Westminster, London, S.W.1. 





ELECTRICITY AND GAS SUPPLIES TO HOUSING ESTATES. 
—aA circular issued by the Ministry of Health states 
that the decision of the Government to nationalise the 
electricity and gas industries involves the responsibility 
of ensuring that no steps are taken which will prejudice 
the future of these industries pending the decision of 
Parliament. In a number of proposals for housing 
schemes the local authorities, however, propose to serve 
the houses with electricity or gas only, and it is considered 
that, except in special cases, this is prejudicial to the 
co-ordinated development of both industries and deprives 
the consumer of the freedom of choice to which he is 
entitled. Local authorities are therefore requested to 
arrange that each estate is served with both electricity 
and gas where the respective undertakings are prepared 
to do this and the cost is likely to be within the tenants’ 
means. 





BRITISH STANDARD 
SPECIFICATIONS. 

THE following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted.at the end of each paragraph. 


Domestic Gas Appliances.—For the guidance of 
housing authorities and at the request of the Ministry 
of Works, the Institution has prepared specification 
No. 1250, covering domestic gas appliances, including 
water heaters, fires, flueless space heaters, and refri- 
gerators, for eimmediate post-war housing. Part 1 
of the specification, which is now available, is a general 
specification, and includes space and rating requirements. 
It deals with the sizes of connections, overall dimen- 
sions and other essential measurements to assist in 
the planning of installations and the allocation of 
space. As most of the appliances available at present 
are of pre-war design, the information is chiefly based 
on existing models, but the industry has under con- 
sideration some measure of standardisation in relation 
to new models. Part 2 of the specification, which will 
be available shortly, will deal with performance stan- 
dards and methods of test. [Price of Part 1, 2s., 
postage included.] 


Structural Steel—tIn connection with specification 
B.S. No. 449-1937, dealing with the use of structural 
steel in building, an increase in some of the stresses 
in steel structures was permitted during the war as 
an emergency measure. The amendment slip specify- 
ing the increase indicated that this should operate 
for a period of six months after the end of the war, and 
that if no action were taken either to consolidate the 
increase or to’ provide for new stresses, the increase 
would then lapse. A further amendment slip has now 
been issued stating that the increased stresses will be 
continued until December 31, 1946, for all buildings for 
which the designs have been approved before that date, 
and for which substantial fabrication will have been 
proceeded with before March 31, 1947. The new 
amendment slip (No. 4) bear : the reference No. P.D. 493 
and states that a new code on the use of steel in building 
is being prepared by the Codes of Practice Committee, 
and indicates that a revision of the specification as a 
whole, based on the new code, will be forthcoming 
in due course. [Copies of the amendment slip are 
gratis on application, enclosing a stamped-addressed 
envelope. } 





BOOKS RECEIVED. 


General Information. Eighth edition. W. T. Henley’s 
Telegraph Works Company, Limited, 51-53, Hatton- 
garden, London, E.C.1. [Free to members of the 
trade.) 

The Aircraft Engineer’s *“‘C”’ Licence. An Introduction 
Book for the Air Registration Board Examinations for 
the “‘C” (Restricted) and “‘C”’ Licences, with Recom- 
mended Reading and Self-Examination Questions. By 
Group CapTaIn G. W. WILLIAMSON. Published for 
British Aviation Publications Limited, by George 
Newnes Limited, Tower House, Southampton-street, 
Strand, London, W.C.2. [Price 17s. 6d. net.) 

National Atlas Series of Maps. Coaland Iron. Compiled 
by the Ministry of Town and Country Planning from 
Maps of the Geological Survey and from Information 
Supplied by the Ministries of Fuel and Power, and 
Supply, Relating to the Year 1940. Printed in colour. 
Scale: 1/625,000, or about ten miles to one inch. 
Sheet 1. Scotland. [Price 5s. net.) Sheet 2. England 
and Wales. [Price 5s. net.) Research Division, 
Ministry of Town and Country Planning, 32, St. 
James’s-square, Westminster, London, S.W.1. 

Dictionary of Sci: and Technology in English-French- 
German-Spanish. By DR. MAXIM NEWMAREK. Pitman 
Publishing Corporation, 2 West 45th-street, New York, 
U.S.A. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 30s. net.) 

Ministry of Supply. Directorate of Royal Ordnance 
Factories (Explosives). Industrial Experimentation. 
By K. A. BROWNLEE. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 2s. net.) 

Analytic Geometry and Calculus. By PROFESSOR H. B. 
PHILiirs. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4°50 dols.}) Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 27s. net.] 





Russia’s .Great Opportunity. By H. E. METcaLr, 
M.1.Mech.E., M.I.N.A. Waynford Press Limited, 
Grove-road, Eastbourne. [Price 2s.] 


The Institute of Transport. The First Henry Spurrier 
Memorial Lecture. Five Decades of Commercial Road 
Transport with Inferences About Its Future. By E. 8. 
SHRAPNELL-SMITH. Delivered in London on Decem- 
ber 10th, 1945. Offices of the Institute, 15, Savoy 
street, Strand, London, W.C.2. [Price 2s. @d., post 
free.) 











PERSONAL. 


Mr. A. E. CRIGHTON, M.I.N.A., M.1.Mar.E., is retiring 
in August from the position of chief superintending 
engineer and naval architect of Royal Mail Lines, Limited, 
after 36 years’ service. He will continue to serve, in a 
consultative capacity. Mr. Crighton will be succeeded 
by Mr. H. J. WHEADON, M.I.Mar.E. 

Dr. R. A. CoLLacort, B.Sc. (Eng.), has been released 
from his commission in the Royal Air Force and has 
been appointed technical adviser, in control of research 
work in the application of lubricating oils, to the Shel! 
Petroleum Company. 

Mr. F. E. Bovitt and Mr. F. P. CoaTes have been 
appointed joint managing directors of the North Central 
Wagon Company, Limited, Moorgate, Rotherham, in 
succession to Mr. D. W. REES, who, as stated on page 11), 
ante, has retired from the managing directorship and 


has been appointed deputy chairman. Sir GILES 
GUTHRIE has joined the board. 
LiEvuT.-CoLt. C. A. Hart, M.Se. (Eng.), Ph.D.. 


A.M.Inst.C.E., F.S.I., has been awarded the Murchison 
Grant for 1946 of the Royal Geographical Society, for 
his work in the application of radar to mapping. 

Mr. G. E. C. PEDLER has retired from the position of 
superintendent of the turbine section of the construction 
department of the British Thomson-Houston Company. 
Limited, Rugby, after nearly 44 years’ service but will 
continue his connection with the company in a consulta- 
tive capacity. His chief assistant, Mr. J. ASHTON, has 
been appointed acting superintendent of the turbine 
section. 

Mr. G. BREARLEY, B.Sc., A.R.1.C., M.I.Chem.E., has 
been appointed a joint managing director of Brotherton 
and Company, Limited, Bromborough, Cheshire. 

Mr. W. Gordon ApaM, G.M., B.A. (Oxon.), F.R.L.C., 
M.1.Chem.E., has retired from the position of super- 
intendent of the tar and ammonia-products works, 
Beckton, East Ham, London, E.6, and has been suc- 
éeeded by Mr. L. W. BLUNDELL, M.Sc, (Lond.),A.R.C.Sc., 
D.L.C. 

Mr. J. LORIMER has been appointed regional salcs 
manager (explosives) for the northern region of the 
home sales organisation of Imperial Chemical Industrie= 
Limited, with headquarters at Ship Canal House, Man- 
chester. 

Mr. R. D. BURN has resigned from the management 
committee of the Copper Development Association on 
relinquishing his position with the Mond Nickel Company 
Limited, and thereby ceasing to be eligible to serve on 
the committee. 

MR. MARTIN LITTMANN, A.M.I.Mech.E., has been ap- 
pointed managing director of Messrs. Compound Electro 
Metals Limited, 42, Pall Mall, London, 8.W.1, following 
the resignation of Mr. 8S. H. PARSONAGE as manager. 

The London office of Messrs. HEENAN AND FROUDE 
LIMITED has been removed to Duke’s-court, 32, Duke- 
street, St. James’s, London, 8.W.1. (Telephone : 
WHltehall 6177.) 

MEssrRs. TUBE INVESTMENTS LIMITED, Aston Manor, 
Birmingham 6, announce that MEssrs. BRITISH TUBE 
MILLS (Export) LimrrED, the export sales organisation 
for the tube-producing companies belonging to the Tube 
Investments Group, have changed their name and will be 
known as Messrs. T. I. (EXPORT), LIMITED, with offices 
at High-street, Birmingham 5. 


Mr. H. P. FORDER has been appointed commercial | 


manager of MESSRS. SAMUEL FOX AND COMPANY, 
LimiTeD, Stocksbridge, near Sheffield, in succession to 
Mr. T. H. Howson, who retired on June 30 after 52 years’ 
service, as stated on page 34, ante. 





ELECTRICITY SUPPLY IN SPAIN.—In a review of condi- 
tions in Spain, which has been published by H.M. 
Stationery Office for the Board of Trade, it is stated 
that although the electrical consumption rose from 
3,272 million kWh in 1935 to over 4,750 million kWh in 
1543, there was no important increase in generating 
capacity. Lack of water power made matters worse 
and severe restrictions had to be imposed. Over 500,000 
kW of generating plant has been ordered, but it is 
expected that another 400,000 kW will be required 
during the next five years. 





STEEL CONSUMPTION.—On Monday, July 15, in the 
House of Commons, Sir Waldron Smithers asked the 
Minister of Supply (the Rt. Hon. J. Wilmot) what were 
the facts which formed the basis for the statement that 
home consumption of steel would be 13,000,000 tons and 
exports 3,000,000 tons in 1955. In reply, the Minister 
said that the estimate of home consumption at 13,000,000 
ingot tons per atinum assumed full employment and had 
regard to the long-term upward trend of steel consumption 
in all industrial countries. The estimated export was 
based on the potential world demand and the changes in 
the supply position since the inter-war years. 
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JULY 19, 1946. 
NOTES FROM TIIE NORTH. 


GLascow, Wednesday. 





Scottish Steel.—The local works closed down last week- 
end for their annual holiday with more work in hand 
and on their order books than ever before. The holiday 
was utilised to carry ovt urgent repairs to furnaces and 
overhauls of machinery, and although no major altera- 
tions were undertaken, the work involved, following a 
spell of intense activity such as has prevailed at the 
~teelworks for the past six months, was in some cases 
more than could be completed in the official holiday period. 
In seme cases, therefore, work may not be resumed on 
July 22, as was hoped, but may have to be postponed 
until later that week. Plates. sections, bars, and sheets 
are the outstanding items in demand, and in all cases 
delivery dates are tending to lengthen. The addition 
of two light plate mills has checked the lengthening gap 
between supply and demand appreciably, but in spite 
of this, delivery is still taking from 12 to 14 weeks from 
the placing of the order. Sheets are wanted in increasing 
quantities for various home industries, and export 
acceptances, it is feared, will have to be restricted still 
further. The needs of housing alone are increasing so 
rapidly that export orders have to be scrutinised very 
closely, and it is feared that export inquiries will have to 
be rationed even more severely during the latter part 
of the year than they have been during the first six 
months, 


Scottish Coal.—It appears that the Coal Survey Officers 
have dealt satisfactorily with the provision of coal for 
the holiday period. The extra coal directed to gasworks, 
electricity undertakings, railways, coke ovens, and other 
high-priority users who need coal during the holidays 
appears to have been skilfully arranged and, without 
inconveniencing other users, the additional fuel was 
found to meet the situation. Elecuric power stations 
provided the most difficult of the pre-holiday supply 
problems. Their reserves were only just equal to the bare 
necessities of the holiday period, but the extra coal the 
survey Officers managed to obtain should obviate any 
great difficulty. The improved results achieved at most 
collieries, particularly in Fife, the Lothians, and Ayrshire, 
enabled commitments to be covered better than was 
expected. The usual rise in output figures prior to the 
holidays was again a feature of production. This week 
the Lothians have been working, having had their annual 
holidays earlier than the other districts, and any special 
deliveries that were required to prevent a shortage of 
supply was provided from this source. Bunkers were 
another holiday problem solved satisfactorily, so that 
when the pits closed down the bunker needs of trawlers, 
coasters, and other shipping tonnage had been reasonably 
provided for. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—Complaints are being made of a 
scarcity of steel for the consuming industries, the require- 
ments of which are for special types. This tendency may 
become accentuated if there is a move towards concen- 
tration upon the mass-produced types of cheaper steels. 
Hot weather, such as has been experienced recently, 
invariably reduces activities at the furnaces and rolling 
mills. More teams are needed at the mills to keep them 
working continuously, but there has been no increase 
in the number of skilled rollers, whose ranks are being 
thinned by the calling up of young men whose usefulness 
was increasing daily. The steel scarcity is most pro- 
nounced in sheets and bars, and the planned additional 
bar mills will not be ready in time to stave off a pre- 
dicted famine in some grades of steel. Manufacturers 
are concerned about continually rising costs of pro- 
duction, important items being advances in coal, coke 
and gas prices. All engineering shops continue to be 
busily employed. Tool factories have more work on 
hand than they can deal with expeditiously. 


South Yorkshire Coal Trade.—The demand for coal 
continues to exceed the supply,in spite of the big inroads 
made on household qualities to make up the deficiencies 
in locomotive and gas coals, and industrial fuels. The 
reduced production of coke following the cut in coking- 
coal allocations has caused inconvenience to large users of 
coke-oven gas, and accentuated the demand for gas coal, 
the reserves of which are relatively low for the time of 
year. No increase in coal outputs can be expected, and 
it has not been possible, so far, to make the usual summer 
additions to stocks of coke. 





NATIONAL SMOKE ABATEMENT SociretTy.—The annual 
conference of the National Smoke Abatement Society 
will be held in Brighton from October 24 to 26. Meetings 
will be held in the Royal Pavilion. Particulars may be 
obtained on application to the general secretary of the 
Society, whose office is at Chandos House, Buckingham- 
gate, London, S.W.1. 
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NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—Painting an optimistic picture 
during the past week of the future of the South Wales 
coal trade, Mr. Arthur Horner, area president of the 
National Union of Miners, said its best days were yet 
to be, in the era now opening out. It was essential, he 
said, that the industry should get back to the pre-war 
basis and the coal export trade be revived at least to 
the pre-war level. With adequate resources of coal, 
the developments of by-products and of exports, there 
was no reason why the igdustry should not provide well- 
paid employment for 150,000 men and boys. Mr. E. 
Shinwell, in a speech in Wales during the week, said 
that on the whole Wales had done very well, but could 
do better. Of exports, he said, our internal needs were 
a first responsibility, but, at the same time, shipments 
had to be stepped up. He added, however, that the time 
might come when they would have to consider whether 
it was more appropriate to their purpose to export coal 
in its raw state or convert it into other commodities and 
export them. Trading on the Welsh steam-coal market 
during the past week has been confined within narrow 
limits. Collieries were largely employed in meeting the 
needs of inland consumers, and in some instances were 
unable to meet all requirements for some grades and had 
to substitute cheaper qualities. As a result of the active 
state of the home trade, exports have been kept in check. 
Apart from the limited supplies made available through 
the lifting of Government emergency dumps, shippers 
generally have only the very poorest grades to offer, 
and deliveries of these—mostly anthracite duffs—are 
proceeding steadily under recent allocations. An inter- 
esting development was the arrangement for shipping 
a cargo of bunkering coals for Port Said. Egypt, pre- 
war, was a very large customer for Welsh coals, but 
deliveries were severely restricted by wartime conditions, 
All grades continued well stemmed on the market, and 
with demand steadily upheld the tone was very firm. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated @wansea Exchange states 
that, last week, there was no change in the condition 
of the tin-plate industry. The demand was fully main- 
tained and although the supply was on the short side, 
a fair volume of business was transacted, a good propor- 
tion on export account. Steel sheets continue to experi- 
ence an exceptionally strong demand and makers, being 
heavily committed for a long period, are reluctant to 
take on more orders. The iron and steel scrap market 
has become quieter owing to consumers curtailing their 
acceptance of deliveries. The prices of iron and steel 
products and of non-ferrous metals are as follows :— 
Prime tin-plates, per box of 108 lb., containing 112 sheets 
mearuring 20 in. by 14 in., 32s. 6d., 32s. 9d., and 33s. 14d., 
f.o.r., according to the tin coating, for home consumption, 
and 33s. 6d. and upwards, f.o.b., for export. Unassorted 
tin-plate base uncoated plates, 27s. per box, f.o.r., at 
makers’ works. Unassorted terne-plates. per box of 
112 sheets, measuring 28 in. by 20 in., 61s. 9d., f.o.r. 
All the above prices are subject to a schedule of extras 
for certain sizes and qualities. Galvanised corrugated 
steel sheets, Nos. 17-20 gauge, 271. 13s. 6d., and steel- 
sheet and tin-plate bars, 121. 23. 6d., all per ton, delivered. 
Welsh hematite pig iron, 81. 9s., and Welsh basic pig 
iron, 71. 15s. 6d., both per ton, delivered, and both 
subject to a rebate of 5s. The distribution of supplies of 
metallic tin is controlled and the price of the metal is 
3001. a ton. The maximum control price of fire-refined 
copper (containing not less than 99-2 per cent. of the 
metal) is 82/7. 10s. a ton, and that of high-conductivity 
electrolytic copper 841. a ton. The maximum control 
price of lead, English quality, is 561. 10s. a ton, of foreign 
good soft piz lead, duty paid, 551. a ton, and of spelter 
501. a ton. 





PYROMETERS FOR DIESEL ENGINES.—Messrs. Negretti 
and Zambra, Limited, 122, Regent-street, London, W.1, 
have recently issued a brochure describing and illustrating 
the various patterns of pyrometer, of both the mercury- 
in-steel and thermo-electric types, that have been 
developed for use with internal-combustion engines. 
The mercury-in-steel thermometer is guaranteed to be 
accurate within 0-5 per cent. up to 600 deg. F., and 
beyond that range to within 1 percent. The dials of the 
thermometers are graduated to 1,200 deg. F. or to 
650 deg. C., as required. 


THE INSTITUTE OF TRANSPORT.—The Council of the 
Institute of Transport have authorised the revision of the 
examination syllabuses to make better provision for air- 
transport students. The law of air transport has been 
included as a subject in the graduateship and in the 
associate-membership examinations, and the details of 
the air-transport economics and air-transport opera- 
tion syllabuses have been revised. Copies of the new 
syllabuses are obtainable on application to the secretary 
of the Institute, 15, Savoy-street, Victoria Embankment, 





London, W.C.2. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The market remains strong and 
buyers are still anxious to negotiate for large forward 
supplies of iron and steel, but new business is not readily 
put through. While many works are operating at the 
full capacity limit and the aggregate tonnage output 
is exceptionally heavy, the distributable parcels of 
material are considerably short of demand. Improve- 
ment in the fuel supply, however, might enable an 
expansion in output to be made. Home requirements 
have increased to an extent that necessitates further 
cuts in the allocation of tonnage for shipment overseas. 
Exception is made in the case of refined iron, export 
licences for which are obtainable. All other classes of 
pig iron are in strong demand for home purposes and 
stocks are at a low level. 

Foundry and Basic Iron.—The supply of foundry 
iron, supplemented by substantial parcels of scra), 
barely covers the current requirements of consumers. 
The make of No. 3 Cleveland is intermittent and small, 
and makers of light castings are largely dependent on 
regular deliveries of high-phosphorus iron from other 
producing centres. The output of basic iron keeps pace 
with the heavy and growing requirements of steelworks 
in the Tees-side area, but provides no tonnage for other 
uses. 

Hematite, Low-Phosphorus and Refined Iron.—Makers 
of East-Coast hematite are able to supply the require- 
ments of home users, but merchants are still unable to 
secure permits to deal with the large demand from 
abroad. Users of low- and medium-phosphorus grades 
of tron are absorbing supplies at a rate that will probably 
necessitate increased production. The demand for 
refined qualities of iron for home needs is easier. 

Manufactured Iron and Steel.—Deliveries of sewi- 
finished and finished iron are sufficient for current 
requirements, but the demand for larger supplies of a!l 
classes of steel is di ertingly int Steel semis are 
still wanted in larger quantities than producers can 
provide, necessitating the continued use of imported 
commodities at the re-rolling mills, all of which are 
busily employed. In the finished industries, sheet 
makers are overwhelmed with work and are allocated 
only very moderate export quotas, while producer# of 
plates, sections, rails, railway chairs, pit props, and 
colliery roofings are assured of the full activity of their 
plant for the next few months. 


Scrap.—The expanding demand for iron and stec!] 
scrap is absorbing the larger supplies now coming to 
hand. The qualities in greatest request are ordinary 
cast iron, machinery metal, and good melting steel scrap. 








. 


SHORTAGE OF ELECTRICAL COMPONENTS.—In reply to 
a question in the House of © on Th day. 
July 4, the Minister of Works (the Rt. Hon. J. Tomlinson) 
denied that the shortage of electrical components through- 
out the country was being increased by Government 
departments acquiring stocks in excess of their immediate 


needs. 








SEWAGE PURIFICATION IN SCOTLAND.—A well-illus- 
trated brochure has reached us from Messrs, Ames 
Crosta Mills and Company, Limited, Heywood, Lanca- 
shire, describing in considerable detail selected installa- 
tions of sewage-purification plant installed by the firm in 
Scotland, and other components and auxiliaries of such 
plants. The installations are scattered over the country 
from Skogar in the extreme north to Annan in the 
extreme south, and plants for both isolated and fairly 
thickly populated communities are dealt with. The 
firm will send a copy of the booklet on application from 
responsible persons interested in the subject. 








SILENT ALTERNATING-CURRENT SwircHEs.—The 
“ Mutac ”’ silent switch, which has recently been intro- 
duced by the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, is based on 
the discovery that, under certain conditions, alternating 
currents can be efficiently interrupted by silver contacts 
separating at slow speeds. The speed of separation must 
be high enough to prevent the arc re-striking after one 
cycle ; and, with this proviso, the contacts of the Mutac 
switch have been designed to separate at the speed which 
causes a minimum loss of energy and damage, This has 
been found to correspond very closely to the speed of 
separation brought about by a normal movement of the 
dolly. The contacts are set to a gap of 0-025 in., the 
normal loading of the switch being 5 amperes at 230 volts. 
It has, however, been authorised for carrying 8 amperes 
by both the Ministry of Supply and the Ministry of 
Works, and in’ exceptional cases the load has been 
increased to 10 amperes. At the latter loading, it is 
stated, the useful life of the contacts has been found to 
he equal to 100,000 operations. 
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ROLLER LEVELLING MACHINES FOR ARMOUR PLATE. 
MESSRS. HEAD, WRIGHTSON AND COMPANY, LIMITED, THORNABY-ON-TEES. 
(For Description, see page 56.) 
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COAL RESOURCES. 


WHEN, in accordance with the Coal Act, 1938, 
ownership of all unworked coal was vested in the 
Coal Commission on behalf of the nation, it became 
necessary to ascertain, or estimate, the capital 
value of the unworked coal in order to determine the 
compensation to be paid to the existing owners. 
For this purpose, a number of Regional Valuation 
Boards were set up. The vesting date was July 1, 
1942. Clearly, the capital value of the coal at that 
time was to some extent bound to be set at an 
arbitrary figure, as no return on the money paid for 
purchase could be obtained until the coal had been 
worked; this introduced a time element. The 
capital value of an asset which will pay a dividend 
in five years, differs from that of the same asset 
if it will not make any return for five hundred 
years. As a reasonable working compromise, the 
valuation period was set at 100 years in most cases, 
the value being that of the coal which could reason- 
ably be expected to be raised during that period. 
Estimation of the reserves remaining after the year 
2042 was not a matter in which the Regional 
Valuation Boards were closely interested, other 
than in so far as it was necessary to be satisfied 
that these reserves were of sufficient magnitude 
to ensure that the planned rates of working, on 
which the determined capital values were based, 
should not be invalidated towards the end of the 
100-year period. 

The primary function of the Regional Valuation 
Boards was purely a financial one, but, in working 
out the compensation to be paid to the existing 
owners, they necessarily examined and accumu- 
lated many data bearing on the quality and situation 
of the unworked coal. There does not seem to have 
been close consideration of the variable market 
value of the many different kinds of coal mined in 
the British coalfields and, in general, a broad classifi- 
cation in terms of ash content was apparently 
adopted. The question of accessibility, however, 
was given considerable attention. The value of an 
unmined seam of coal is determined not only by its 
content, but by its inclination, the geological distur- 
bance to which it has been subjected, and its geo- 
graphical relation to the existing main haulage 
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roads and other handling facilities. The work of 
the Boards also covered the assessment of claims 
for compensation for coal seams as yet unworked. 
In determining the values of these, it was either 
assumed that they were leased to the existing colliery 
most conveniently situated for exploiting them, or 
hypothetical new collieries were postulated for the 
purpose of working them. 

The long and complicated task carried out by the 
Regional Valuation Boards has provided a detailed 
quantitative estimate of the 100-year reserves in the 
British coal measures. The work they carried out 
was by no means the first attempt to estimate the 
extent of existing reserves. A Royal Commission 
was appointed in 1871, largely as a result of the pub- 
lication of a book by Professor W. 8. Jevons, entitled 
The Coal Question: An Enquiry Concerning the 
Probable Exhaustion of Our Coal Mines. Allowing 
for coal won since the publication of their report, the 
1871 Commission estimated the total coal reserves 
in 1945 at 131,000 million tons. A further Royal 
Commission, appointed in 1901, brought this 
figure up to 133,000 million tons, and it was further 
raised to 172,000 million tons in an estimate made 
in 1913 by Sir Aubrey Strahan of the Geological 
Survey. A still later figure put forward by Professor 
H. S. Jevons in 1915, increased the total to 190,000 
million tons. The fact that each of these estimates 
shows a rise on its predecessor suggests that even 
the last one is probably too small. The extensive 
exploratory work and trial boring necessary to 
establish the existence of hidden seams with any 
approach to certainty can only be spread over many 
years and actual mining development may well 
disclose potential unsuspected supplies. Under-sea 
mining in the Cumberland field has shown, for 
instance, that the coal measures extend at least 
15 miles from the shore, and although these reserves 
are at present unworkable, it may be assumed that 
developments in mining technique will ultimately 
make it possible to exploit them. 

The magnitude of the total reserves of British 
coal is, in a very long view, a matter of great national 
importance, but in the practical affairs of men it is 
not possible either to control, or to foresee, the con- 
ditions of the remote future. In 1846, Great 
Britain dominated the industrial world and those 
responsible for the Great Exhibition in 1851 certainly 
intended that that domination should continue. 
Speculation about what the statesmen of 1846 would 
have thought about 1946 would not be profitable, 
but the fact that the realisation is so far from what 
were their dreams suggests that even one hundred 
years is too long a period over which to plan. In 
the present mood of enthusiastic hope for a regener- 
ated world—a hope a little dimmed in the last twelve 
months—this proposition may not find general 
acceptance, but it will at least be conceded that even 
the most ambitious schemes for the rebuilding or 
reconstruction of this, that or the other should find 
their term within a century. These considerations 
support the action of the Regional Valuation Boards 
in limiting the range of their survey of workable 
resources to a period ending in the year 2042. Much 
will happen before that date and what will happen 
subsequent to it is in the lap of the gods. 

Last week marked a crucial stage in the history of 
British coal mining, the Bill establishing the 
National Coal Board receiving the Royal Assent on 
July 12. It is clearly the intention of that Board to 
embark on a long-term policy of mining mechanisa- 
tion, and in order that this may be pursued on the 
most profitable lines the fullest information possible 
on the nature and extent of the properties which it 
has to handle is essential. That the Board could not 
itself carry out a qualitative survey of British coal 
measures in any reasonable period is shown by the 
fact that the Fuel Research Board has been engaged 
on this task for some 25 years ; it is not yet finished, 
but all the main seams have been covered. By com- 
bining the qualitative data of the Fuel Research 
Board with the quantitative data accumulated by 
the Regional Valuation Boards it has been possible 
to build up information about British coal resources 
which Sir Harold Hartley states is more complete 
than that possessed by any other country. The work 
of sifting and collation has been carried out by the 
Coal Survey Officers of the Fuel Research Board, and 
the results of their work have been made available in 
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a Fuel Research Survey Paper, entitled Rapid Survey 
of Coal Reserves and Production and published by 
H.M. Stationery Office at 9d. net. The use of the 
term “‘ rapid ” in the title is intended to indicate that 
the report is, to some extent, of an interim nature 
and that more detailed information will become 
available after fuller study of the great mass of data 
involved. 

The preparation and publication of this report 
may be looked upon as a singularly fortunate prelude 
to the activities of the National Coal Board. The 
problems confronting that body are many and 
various. For some years much of the work will be 
of an administrative nature and will concern such 
matters as regional organisation and the solution of 
pressing labour problems, but the revolution in 
British coal mining, which the sponsors of the Board 
claim it will accomplish, must rest ultimately on a 
technical basis. Speaking on July 13, Mr. Shinwell 
claimed that coal would be produced in sufficient 
quantities and of the right quality. This latter 
desideratum has had but little attention during the 
the war, as operators of electric-power stations 
know only too well. No doubt the deliveries of 
unsuitable materials, with which many users have 
had to contend, has been largely determined by 
transport difficulties, but the impression has been 
created that the Ministry of Fuel and Power sup- 
posed that all coal was much the. same. The 
National Coal Board is to a considerable extent a 
technically-instructed body and it may be hoped that 
its early activities will indicate that some attention 
is being paid to quality as well as quantity. 

It is from the long-term point of view, rather 
than that of the immediate future, however, that 
this report should prove of great value to the 
Board. It contains tables of the 100-year reserves 
of the’ various coalfields, not only in terms of 
quantity, but also in terms of the type of coal. 
A summary of the whole position shows that high- 
volatile very weakly caking and non-caking coals 
exist in the largest proportion. These are particu- 
larly associated with South Yorkshire, and the 
Nottinghamshire and Derbyshire fields, but are 
found in many other areas. Second place is occu- 
pied by high-volatile strongly caking and medium 
caking coals, of the coking-gas and gas-coal types. 
These are found particularly in Durham and South 
Yorkshire. The lowest figure in the list is coal of 
the anthracite type, found exclusively in South 
Wales. Owing to the geographical situation of the 
Kent coalfield, the nature of the reserves is of 
particular interest. These consist of low- and 
medium-volatile steam coals and coking coals. 

The whole content of the summarised totals 
cannot conveniently be given here, the point to be 
made in quoting some of them being that a policy 
of extensive mine improvement and re-equipment 
must be based on country-wide considerations. An 
example of the type of problem with which the 
National Coal Board will have to deal is furnished 
by the coke-oven industry, which uses about 20 
million tons of coal a year. At one time medium- 
volatile coking coals of the Durham and South 
Wales type were employed exclusively, but, to a 
considerable extent, owing to the work of the Fuel 
Research Station, good cokes are now being made 
from coking-gas and gas coals which are to be 
found in many fields. As the Board is apparently 
to take over and operate the coke-oven industry, 
it is faced with a technical question of some com- 
plexity. It is estimated in the report that the 
West Durham mines producing medium-volatile 
coking coals have a future life of less than 50 years, 
and it will be necessary to balance the advantages 
of heavy capital expenditure in this area against 
coke-oven developments elsewhere. 

An example of another type of technical problem 
with which the Board is faced is furnished by the 
small Forest of Dean coalfield. It is stated that the 
output from this will inevitably decline and that 
very little of the principal seam will be left at the 
end of the present century. That is little more than 
50 years, and although considerable capital expendi- 
ture might be justified on an undertaking expected 
to show a satisfactory return over that period, the 
matter will clearly have to be balanced against the 
advantages of investing the capital concerned in 
a more promising area. 





THE NEWTON 
TERCENTENARY. 


OnE of the minor misfortunes of the recent war 
was that it prevented the scientists of the world from 
gathering, as otherwise they would have done, to 
celebrate at the proper time the tercentenary of 
the birth of Sir Isaac Newton, whom they have so 
often and so unanimously acclaimed as the greatest 
natural philosopher that the world has produced. 
Newton was born at Woolsthorpe, Lincolnshire, 
on December 25, 1642 (reckoned according to the 
Old Style) and some attempt was made in 1942 
to mark the anniversary; for example, by the 
commemorative lecture on ‘ Newton’s Work in 
Physics,” which Dr. H. Buckley delivered at a 
meeting of the Institute of Physics, held at the 
Royal Institution, London, on December 9 in that 
year. This lecture was printed in extenso in our 
issues of January 29 and February 5, 1943, and was 
particularly notable for its admirably succinct 
account of the production of the famous Principia ; 
in it and an article in our issue of December 18, 
1942, were summarised also the principal events of 
Newton’s life and an attempt was made to show 
something of his influence upon the philosophical and 
scientific thought of his day ; inadequately, of neces- 
sity, but in sufficient detail to make it superfluous to 
recall once more his fairly well-known life story. 
More to the point is it to add to what has been 
published previously some record of the deferred 
celebrations of his tercentenary which have been 
held in London during the present week under the 
egis of the Royal Society, with which his life and 
his work were so closely linked, and which enshrines 
among its historical treasures so many relics and 
records of his genius. 

Spacious as are the rooms of the Royal Society, 
they could not possibly hold all the men of scientific 
eminence who would wish to pay their tribute to 
Newton and, accordingly, it was found necessary 
to spread the receptions over several days. The 
first gathering was held on Monday, July 15, when 
nearly 150 scientific delegates met at Burlington 
House to present addresses to the President of the 
Royal Society, Sir Robert Robinson, and to hear 
a commemorative lecture on Sir Isaac Newton by 
Professor E. N. da C. Andrade, F.R.S. The occasion 
was marked also by the presentation to the Royal 
Society, by the delegates from the Union of Soviet 
Socialist Republics, of a copy of the Principia, 
translated into Russian ; and by an announcement, 
by Sir Robert Robinson, of a proposal to establish an 
observatory as a national memorial to Newton. 
The Royal Society had applied to the Treasury, 
Sir Robert said, for support of their proposal, which 
included the provision of a 100-in. reflector, with all 
necessary equipment and accessories, “‘ suitable for 
modern astronomical research of the highest order.” 
The Chancellor of the Exchequer, he added, had 
expressed his willingness to ask Parliament to 
grant funds for this purpose. The 100-in. reflector 
would be the property of the Government, but, it 
was hoped, would be made available to astronomers 
from the various university observatories. 

Professor Andrade, whose capacity for projecting 
his mind back to recapture the scientific outlook of 
earlier centuries was amply demonstrated by his 
lecture, a few years ago, on Francis Hauksbee, paid 
tribute to Newton as the greatest man of science 
who ever lived, “‘ even though he professed a distaste 
for it”’—or, at least, for its contemporary forms. 
By the time that Newton was 24 years of age, said 
Professor Andrade, ‘‘ it is tolerably certain that he 
had firmly laid the foundation of his work in the 
three great fields . . . the calculus, the nature of 
white light, and universal gravitation’; and five 
years later, when still only 29, he had achieved “a 
body of scientific work such as no one before or since 
has done at that age.” The knighthood conferred 
upon him at Cambridge in 1705 by Queen Anne, he 
added, was believed to be the first ever conferred 
for services to science. At that time, Newton 
had been president of the Royal Society for some 
two years. He continued to hold that office until 
his death in 1727, a length of tenure surpassed only 
by that of Sir Joseph Banks, who held the presidency 
from 1778 to 1820. 

Of the ‘“‘exhibition of portraits, engravings, busts, 





medallions, manuscripts, manuscript letters an { 
relics” of Newton which the Royal Society had 
prepared for the delectation of their guests, it can 
only be said that its richness could not have been 
more than tasted by any of them: the manuscripts, 
especially, written in Newton’s neat script -the 
writing of a classical scholar, obviously, aven if his 
own Latin had not been there to prove the scholar- 
ship—and much less faded than might have been 
expected, would provide any student of scientific 
origins with absorbing occupation for weeks. The 
reflecting telescope which he made with his own 
hands and presented to the Society, thereby securing 
election as a Fellow, is not a thing to be glanced at 
and passed by. The portraits—three in all, one 
by Kneller, another by his pupil, Jervas, and the 
third by the younger Vanderbank—invite a careful 
scrutiny and comparison, an occupation that 
would take time enough even if they were all on the 
same floor and in the same room, which they are not. 
These are not querulous complaints, for, indeed, no 
one of the many who saw the exhibition can have 
failed to carry away from it some new impression or, 
perhaps, a deeper sense of the stature of Newton, 
viewed from the standpoint of any one of half a 
dozen sciences ; they are no more than laments for 
human inability to achieve the impossible. 

They do suggest, however, that much more might 
be done, and ought to be done, to bring home to the 
public at large some appreciation of Newton as a 
man, and the significance of his labours to the com- 
munity in general. The ‘Control of Germany ” 
exhibition, in Oxford-street, it is announced—an 
unbalanced and, in some ways, disturbing display 
is to be extended for another fortnight ; thousands 
have seen it, and now thousands more will be able 
to do so. It is right enough that they should 
learn something of what is being done in Germany, 
if only that many of them fought hard and long to 
impose that control as the only alternative to their 
own extinction, and many more will have to work 
hard and long to pay for it ; but a common sense of 
fitness suggests that they ought to know much more 
about their own country and the intellectual as well 
as the military, political and athletic giants it has 
produced. The British Broadcasting Corporation 
did their best, it must be supposed; but it may 
be questioned whether the average Frenchman 
would stand in equal need of having his most eminent 
philosopher explained to him. We recall that, 
almost from their inception, submarines in the 
French Navy have borne the names of famous men 
of science; many of the names of British sub- 
marines, if traced back through the records of the 
Royal Navy, will be found to have originated (or so 
it is said) in the names of a pack of hounds. 

The contrast may be significant or it may not, 
but the fact remains that not nearly enough effort 
is expended as yet, in this country, to impress the 
great names of science upon the mind of the multi- 
tude as anything more than names, often associated 
(as in the case of James Watt and the kettle lid) 
with legends that will not stand the test of a critical 
examination. The British Council, in conjunction 
with Messrs. Longmans Green and Company, have 
been publishing a series of booklets, under the general 
title of “‘ Science in Britain,” which are being issued 
in Spanish and Portuguese as well as English with 
the object of making the work of British scientists, 
past and present, and of British institutions, better 
known overseas. Thisis a step in the right direction, 
but it does not go nearly far enough. As Dr. 
Buckley observed in his lecture on “ Newton's 
Work in Physics,” previously mentioned, “‘ Whereas 
the Italian, Dutch and French nations have hon- 
oured Galileo, Huygens and Fresnel by publishing 
at the national expense magnificent editions of the 
works of their most distinguished natural philoso- 
phers, England, claiming the most distinguished of 
them all, has published no edition of his works 
worthy to be compared with them. It is to be 
hoped that some day, as a result of the collaboration 
of a generous nation with the learned society which, 
for financial reasons, was unfortunately unable to 
publish the Principia, we shall have an edition 
worthy of the great work which began in the plague 
years.” The cost would be negligible compared 
with that of a new observatory; and who knows 
what future genius it might stimulate into growth ? 
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THE NatTionaL Coat Boarp. 


THE Royal Assent was given to the Coal Industry 
Natidhalisation Act on Friday last, July 12, and 
on the afternoon of the same day, according to a 
statement issued by the Ministry of Fuel and Power, 
the regulations were signed which governed the 
appointment of the National Coal Board. These 
regulations took effect on Monday, July 15, when 
the Board assumed office under the chairmanship of 
Lord Hyndley ; but the industry will continue to 
operate under its previous ownership until a date 
(the “* vesting date ’’ laid down by the Act) to be 
decided by the Minister, after the necessary organi- 
sation has been created to supersede that of the 
various coalowners. The Board, as at present con- 
stituted, consists of Lord Hyndley, formerly the 
first Controller-General of the Ministry of Fuel and 
Power ; Sir Arthur Street, lately permanent secre- 
tary to the Control Office for Germany and Austria ; 
Sir Walter Citrine, the former general secretary of 
the Trade Union Congress; Mr. Ebby Edwards, 
until recently general secretary of the National 
Union of Mineworkers; Sir Charles Ellis, F.R.S., 
who was scientific adviser to the Army Council and 
previously Professor of Physics at King’s College, 
London; Mr. J. C. Gridley, lately chairman of the 
European Coal Organisation; Mr. L. H. H. Lowe, 
Director of Finance, Ministry of Fuel and Power ; 
Sir Charles Reid, who was chairman of the Ministry’s 
Technical Advisory Committee (the * Reid Com- 
mittee’); and Mr. T. E. B. Young, previously 
managing director of the Bolsover Colliery Company. 


THE COLLEGE OF AERONAUTICS. 


The College of Aeronautics, which has been set 
up by the Government to provide high-grade 
engineering, technical and scientific training in 
aeronautics, is to be opened at Cranfield, Bedford- 
shire, on Wednesday, October 16, next, when about 
50 students are expected to commence work. It 
will be remembered that, at the request of Sir 
Stafford Cripps, the proposal was first examined by 
the Aeronautical Research Council, whose report, 
issued in 1943, recommended the establishment of a 
College of Aeronautics. This report was subse- 
quently examined by a committee presided over by 
Sir Roy Fedden, who confirmed the need for a 
college and considered that a form of training was 
required of a different character from that which 
could be obtained by extending the facilities of 
existing courses. In particular, facilities for practical 
work and for actual flying were desirable. The 
report of the Fedden Committee was summarised 
in ENGINEERING, vol. 158, page 371 (1944), and 
having been approved by the House of Commons, 
the constitution of the Board of Governors, of whom 
Sir Edgar Ludlow Hewitt is chairman, was an- 
nounced by the Ministry of Education in 1945. 
The Governors decided to establish the College in 
the permanent buildings of the Royal Air Force 
Station at Cranfield, about 10 miles south-west of 
Bedford. It was found that, with only minor 
alterations, the buildings could be rendered suitable 
for the initial requirements in time for the College 
to open on the date mentioned above. At first, 
there will be three main departments, dealing, 
respectively, with aerodynamics, aircraft design, 
and aircraft propulsion, together with a flight 
section, but other departments may be added later. 
Mr. E. F. Relf, C.B.E., F.R.S., is the Principal, 
and each department will be in charge of a professor 
with about three lecturers to assist him. Professor 
M.J. Duncan has been appointed to the Department 
of Aerodynamics and Professor E. L. Lickley has 
taken over the Department of Aircraft Design. For 
the time being, the Chair of Aircraft Propulsion has 
been left vacant. The control of the College is 
vested in the Board of Governors, who are appointed 
by the Minister of Education ; the constitution of 
the Board was given in our issue of August 24, 1945, 
on page 153. At present, the financial provision 
for the College is made entirely by the Government, 
through the vote of the Ministry of Education, but 
it is hoped that in time the College will acquire other 
sources of income. One way in which the training 
will differ frem that given in existing institutions 
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dealing with aeronautical subjects is that instruction 
will be given in the practical design of aircraft, 
including their power plants and instrumentation. 
Facilities will also be provided for students to con- 
tinue their studies in the air and to confirm the 
theory of design by actual air tests. The equipment 
of the College will be gradually increased, -but a 
nucleus has been provided from British disposals, 
acquisitions from Germany, and by purchase. A 
few Ansons and Halifax aircraft have been provided 
for use in the flight section. Finally, it is intended 
to supplement the work of the staff by lectures given 
by visiting lecturers, and by visits to works and 
research establishments. The College, it may be 
mentioned, is close to the site of the new Government 
Research Establishment at Thurleigh, and this was 
one of the reasons for selecting Cranfield. It should 
be mentioned that the information given above 
has been extracted from a statement made by Sir 
Frederick Handley Page, who is a member of the 
Board of Governors, at a Press conference held in 
the offices of the Royal Aeronautical Society on 
Tuesday, July 16, and presided over by Sir Edgar 
Ludlow Hewitt. 


THE INSTITUTION OF METALLURGISTS. 


In recording the foundation of the Institution of 
Metallurgists, in our issue of November 30, 1945, we 
remarked upon the atmosphere of goodwill which 
attended its establishment. That this feeling was 
not shared only by those present at the inaugural 
meeting is evident from the number of applications 
for membership—1,280 in the first seven months— 
as disclosed at the annual general meeting which was 
held on July 17 at the Institution’s headquarters, 
4, Grosvenor-gardens, London, 8.W.1; as both the 
retiring president (Dr. Harold Moore, C.B.E.) and 
his successor, Dr. J. W. Jenkin, mentioned in the 
course of their respective addresses, the membership 
committee had found it impossible to keep pace with 
the inflow of applications, a large number of which 
still awaited attention. The results of the nomina- 
tion and election of officers and members of Council 
for the ensuing year, were as follows: as President, 
Dr. J. W. Jenkin; as vice-presidents, Mr. G. L. 
Bailey, Dr. Maurice Cook, Sir W. T. Griffiths, Mr. 
R. A. Hacking, Mr. R. Mather, and Dr. F. C. Thomp- 
son ; as honorary treasurer, Dr. C. J. Smithells ; as 
members of Council representing the Associates, Mr. 
W. Barr, Mr. W. E. Ballard, Mr. R. Griffiths, Dr. 
H. O'Neill, Mr. W. K. B. Marshall and Dr. C. E. 
Homer ; as members of Council representing: the 
Fellows, Dr. W. E. Alkins, Mr. L. E. Benson, Mr. 
W. F. Brazener, Mr. E. W. Colbeck, Dr. E. Gregory, 
Dr. J. E. Hurst, Dr. N. P. Inglis, Mr. A. J. Murphy 
and Mr. W. W. Stevenson. Four members of Council 
have still to be nominated to represent the Councils 
of the Iron and Steel Institute and the Institute of 
Metals. The Council had become increasingly 
aware, it was stated, of the need to appoint a com- 
petent metallurgist as registrar, to attend to all 
professional matters and, in particular, questions of 
membership and the Appointments Register, and 
had persuaded Dr. Harold Moore to undertake this 
duty when he relinquished the presidency ; but, as 
Dr. Moore could not devote his whole time to this 
office, they were considering the appointment of a 
full-time assistant registrar as soon as might be 
convenient. The statement of accounts presented 
by the retiring honorary treasurer, Dr. Richard 
Seligman, covered the period from September 15, 
1945, when the Institution was registered, to April 
30, 1946, and showed a total income (derived solely 
from members’ subscriptions) of 8731. 3s. 6d. The 
expenses of formation were 4301. 1s. 8d. To provide 
the necessary working capital at the outset, the Iron 
and Steel Institute and the Institute of Metals each 
advanced 250/., in addition to meeting sundry 
expenses incurred before registration and providing 
staff services which together were estimated to 
amount in value to a further 5001. The Council of 
the Institution hope to repay the capital loans of 
the two Institutes before the end of the year, which 
will also be the end of the next accounting period ; 
thereafter it is expected that the accounts will be 
submitted annually. Up to June 14, 1946, the 
number of members elected totalled 815, of whom 
356 were Fellows, 325 were Associates and 134 were 
Licentiates. The original members of the Institu- 





tion who formed the first Council have been desig- 
nated Founder Fellows. Among other announce- 
ments in the report, it is stated that the Council con- 
template the organisation of refresher courses of 
instruction in various metallurgical subjects at 
appropriate industrial or academic centres; that 
the Institution is one of the five whom sir William 
Griffiths, D.Sc., who is chairman and managing 
director of the Mond Nickel Company, has included 
in the offer, made on behalf of his company, to pro- 
vide 50,0001. over a period of seven years for the 
establishment of Fellowships in Metallurgy; and 
that an agreement has been entered into with the 
Iron and Steel Institute and the Institute of Metals 
for the joint use of the premises at 4, Grosvenor- 
gardens, S.W.1, as the Institution’s headquarters. 
Mr. Kenneth Headlam-Morley, secretary of the Iron 
and Steel Institute, continues to act in that capacity 
for the Institution of Metallurgists also. 


TaNK PropucTION DuRING THE Wak. 


In the course of their war-time investigations, the 
Select Committee on National Expenditure devoted 
considerable attention to the question of tank 
production, both as regards the designs of British 
Army tanks and the arrangements made for con- 
structing them in quantity. So much of the informa- 
tion gathered was of a highly confidential nature, 
however, that comparatively little could be published 
while hostilities were still in progress and it was only 
within the past week that the Government made 
public the contents of the two recent reports made 
by the Select Committee in August, 1942, and 
March, 1944, respectively, together with the replies 
of the Government then in office to the various 
points raised. The two reports are published as a 
Command Paper, No. 6865, obtainable from H.M. 
Stationery Office at the price of ls. net. The earlier 
of the two reports criticised, in particular, the 
initial delay in deciding to equip tanks with 6-pdr. 
guns and the subsequent loss of time in giving 
effect to that decision; the lack of a clear policy 
with regard to such mountings, and the waste of 
time and productive capacity in building tanks of 
unsuitable types; the delays due to changes in 
production programmes; the need to look farther 
ahead in framing tank policy and putting it into 
effect ; and the need for a better organisation of 
production, more adequate supplies of spare parts, 
and an improved standard of maintenance in service. 
The main conclusions stressed in the second report 
were that serious defects in organisation still per- 
sisted, mainly as the result of the division of respon- 
sibility between the War Office, the Ministry of 
Supply, and the manufacturers ; the apparent lack 
of urgency about the tank programme—attributed 
mainly to the availability of large supplies of 
American tanks of types which were regarded as 
satisfactory ; and the impression, alleged to be 
general among the troops concerned, that the 
quality of the British tanks was not satisfactory. 
Various recommendations were made, a number of 
which were adopted subsequently ; more especially, 
that the Tank Board should be made a more effective 
instrument, as small in numbers as possible, that 
particular steps should be taken to ensure that the 
latest operational experience was made readily 
available for guidance in design and production, 
and that there should be adequate supplies of 
prototypes of new designs, and of production 
models, to ensure thorough testing of components 
and of the completed tanks. 


THE PROFESSIONAL CLAssES AID COUNCIL. 


The annual report of the Professional Classes Aid 
Council, recently issued from their office at 20, 
Campden Hill-square, London, W.8, and covering 
the twelve months ended April 30, 1946, shows that 
a satisfactory response was made to the special 
appeal made last year, with the result that the 
previous deficit of 1661. was converted into a balance 
in hand of almost exactly ten times that amount. 
This improved financial position was not due entirely 
to the appeal, however, as there were useful increases 
in the income from subscriptions and donations 
(from 7,192/. in 1944-5, to 8,101. in 1945-6), and 
from investments (from 2,676. to 2,998I.), while 
the amounts expended on relief were less by nearly 
1,0007. (9,5511. as against 10,544/.). The cost of 
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administration increased from 1,394/. to 1,5491., 
and other miscellaneous charges were 98J. higher, 
but the total expenditure for the year (12,3941.) 
was still materially below the preceding figure 
(13,1351.). As was expected, however, the disturbed 
post-war conditions are leading to an increase in 
the number of new applications for assistance, and, 
of course, the reduction in the standard rate of 
income tax will involve, eventually, a corresponding 
reduction in the amount of tax recovered under 
covenanted subscriptions. The Council continue 
to maintain a close collaboration with the various 
benevolent funds of the professional institutions, 
whose representatives form the greater part of its 
personnel. 


CANADIAN WATER PowER. 


In view of the intensive development of Canadian 
water-power resources during the war years, it is 
natural that the present, changed, conditions should 
have resulted in a slowing-down of the rate of pro- 
gress. Large blocks of power were diverted from 
peace-time activities to war industries of various 
kinds. This applied particularly to the manufacture 
of pulp and paper which provides the greatest 
individual peace-time market for electric power, 
normally representing 40 per cent. of all power sold 
for industrial purposes. At the peak of the munition 
load, this fell to 25 per cent. As the re-absorption 
of the power released, and now available to this 
and other industries, will take some time, and as 
the installed capacity of the country rose by some 
2,000,000 h.p. between 1939 and 1945, considerable 
industrial readjustment and new development will 
be necessary before any considerable demand for 
new power stations or the extension of old can arise. 
The reflex of these conditions is shown by the fact 
that, in 1945, new installations represented only 
19,000 h.p. This is the smallest total for many 
years. The added capacity consisted of a single 
unit in the Alexander station of the Hydro-Electric 
Power Commission of Ontario, on the Nipigon River. 
There is no reason to suppose, however, that the 
present installed capacity of 10,283,610 h.p. repre- 
sents the final power-absorptive capacity of Canada. 
Considerable industrial developments may yet be 
expected, general domestic demand continues to 
rise and ever-expanding rural distribution schemes 
are building up the farm load. Some information 
about the development work now in hand is given in 
the latest annual review prepared by the Dominion 
Water and Power Bureau of the Department of 
Mines and Resources, which is dated March 15, 
1946. The new unit at the Alexander station is 
far from setting a term to the activities of the 
Hydro-Electric Power Commission of Ontario. A 
70,000-h.p. unit is being installed at DeCew 
Falls and the construction of a 56,000-h.p. 
station at Stewartville, on the Madawaska River, 
has been commenced. Longer-term programmes 
cover a 360,000-h.p. development at Des Joachims 
Rapids on the Ottawa River, and a 45,000-h.p. 
station onthe Aguasabon River. Load building 
is to be assisted by the construction of 7,300 
miles of rural distribution line, which will 
supply 58,000 new customers, including 32,000 
farmers. In Quebec, the Gatineau Power Company 
has placed an order for a 24,000-h.p. unit for the 
Farmers Rapids station, and both the Shawinigan 
Power Company and the Southern Canada Power 
Company are engaged on extensive rural-distribution 
developments. In Manitoba, the capacity of the 
City of Winnipeg Hydro-Electric System is being 
increased by the construction of the second half 
of the Slave Falls station, which will contain two 
12,000-h.p. sets. The Manitoba Power Commission 
is pushing forward with its distribution network, 
which it is intended shall ultimately serve most 
farms in the Province. In Alberta, the Calgary 
Power Company is building a 13,500-kW plant on 
the Kananaskis River and has entered on a nine-year 
programme of rural electrification. The newly- 
established British Columbia Power Commission 
has begun the construction of a new station at 
Elk Falls on the Columbia River, the initial installa- 
tion consisting of a 28,000-h.p. unit, and the British 
Columbia Electric Railway Company has begun work 
on the Bridge River development, which is expected, 
ultimately, to furnish 600,000 h.p. 


LETTER TO THE EDITOR. 


A SIMPLE TEST OF SIGNIFICANCE. 


To THE EprToR OF ENGINEERING. 


Smr,—I make this belated reply to ‘‘ A. Mateur’s ” 
letter, published in your issue of November 30, 1945, 
page 452, in case none earlier has been received, 
because it seems desirable to point out the fallacy 
in his argument and the resulting incorrectness of 
the significance test he proposes. 

We assume, as he does, that the means, A, and 
A;, of two sets of results are normally distributed 
with “‘known”’ standard errors o, and o,. The 
difference A, — A, therefore has standard error 
Vo? +02. A,— A, will exceed 2-33 Vo? + 0? 
in only 1 per cent. of cases if there is no difference 
between the true means of the sets. So, too, will 
A,— A,, so that the test is actually one at the 
2 per cent. significance level, when both possibilities 
are considered. This is the first point that “ A. 
Mateur ” does not make clear. 

The proposed simple test gives 1-28 (o,+ o,) as 
the significant value of A,— A,, against the normal 


theory value, 2-33 J/ o? + 02. The former value 
is always the less, as the accompanying table 
shows. Hence significance of a difference is over- 


Factor for o,, to give Significant Difference. 





| | 
= Proposed Test. Normal Theory. | 
| u 


Ratio. 


0 | 1-28 2+33 1 
0-5 2-60 1 
1 | 2-56 329 1-28 
2 3-84 5-20 1 
4 y 6-41 9-59 1 





estimated, and the test may be expected to lead to 
wrong conclusions. Clearly, it cannot be simul- 
taneously true that 

|A, — A,| > 1-28 (¢, + a) in 2 per cent. of 
cases and 

|A, — A,| > 2-33 Vo? + o? in 2 per cent. of 
cases. 

Since the latter statement is true, the former must 
contain an error. This is that only the set of possi- 
bilities for which the observed values lie at or beyond 
given distances from the true (but unknown) mean 
are considered in calculating the probability of 
“* significant ” results, while other possibilities, which 
would be judged equally significant, are ignored. 
For example, if A, and A, both lie on the same side 
of the true mean, but a distance 1-28 (c, + o,) or 
more apart, they would still be judged significantly 
different. The probability of this and other results 
must be included, thus increasing the probability of 
the differences which are being judged significant, 
and reducing their true significance. The normal 
theory test takes into account merely the difference 
between the observed means, rightly discarding as 
irrelevant any restriction as to the position of the 
means in relation to the true means. 

Finally, since the calculation of the standard 
error of a difference by the root-sum-of-squares 
formula given above is no more than slide-rule 
work, there does not seem to be any practical advan- 
tage gained by attempting to simplify the significance 
test at the expense of accuracy. 

Yours faithfully, 
E. J. WILLIAMs. 


Council for Scientific and Industrial Research, 
Division of Forest Products, 
South Melbourne, 
Australia. 
May 9, 1946. 





UNIVERSAL SOLDERING, BRAZING AND WELDING 
MACHINE.—Messrs. The Acru Electric Tool Manufacturing 
Company, Limited, 123, Hyde-road, Ardwick, Manches- 
ter, 12, have sent us particulars of their “‘ Pyroweld ” 
soldering, brazing and welding machine. This has an 
electrical loading of 150 amperes at 70 volts and is 
designed to solder any metal below No. 30 gauge and to 
braze any metal up to #,-in. thick. It can also be used 





for welding material from No. {8 S.W.G. to } in. 
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THE PROFESSION OF MECH- 
ANICAL ENGINEERING. 


By S. H. Sretrox. 


ALTHOUGH no hard and fast line can be drawn 
between a profession and a trade, it is commonly 
accepted that a professional man should have certain 
general characteristics. He should have a certain 
social and intellectual standing, and breadth of 
view ; qualities which will probably fit him to take 
responsibility and to deal with people under him 
in such a way as to get work done smoothly, and put 
into practice a policy decided upon by him or 
entrusted to him by others. 

Such men are not common. They are rarer than 
the skilled craftsman and require a longer and more 
expensive training than the craftsman ; hence it is 
natural, and possibly correct, that they should 
command higher reward. This training often 
requires money, and a young man with money and 
influence behind him can often get a training not 
available to a man who has to work his way up— 
although the latter may gain other advantages 
liable to be missed by the wealthier competitor. 
It is easier for a man with some money to gain 
experience and take risks than it is for the poorer 
man, especially if the latter is of the same social 
standing and hence anxious to move in the sort of 
society to which he has been accustomed. 

Professional men naturally wish to see their sons 
established in a profession, because they feel that 
the sons may then look forward to reasonable 
comfort at the worst, and wealth and position at 
the best. This is no matter of snobbery; it is 
the natural tendency of the vast majority of human 
beings. It will probably be admitted that among 
these youngsters the average of ability is higher than 
among, say, labourers and even tradesmen. The 
tendency will be, therefore, for the professions to 
recruit a higher type of man, and this initial advan- 
tage, combined with special training, will probably 
justify the claim that the professional man deserves 
greater reward than the muscular labourer, or even 
the highly skilled manual worker. 

This training may include a public school till 18 ; 
Oxford or Cambridge till 21; special professional 
training for another two years; and, finally, some 
five years of varied experience at small salary. At 
about 28 or 30, the man is ready to settle down. 
It is almost certain that such a man—if of the right 
material—will have taken a polish and developed a 
justifiable self-reliance that may take him far. If, 
in addition, he has luck or influence to give him a 
start, it may be truly said that such a training 
‘* pays,” both personally and nationally. A training 
of this kind may still be enjoyed on entering “‘ the 
Army, the Navy, the Church and the Stage ” ; 
in other pursuits, such as medicine and architecture, 
where there is a strong professional body; and in 
certain scholastic professions. Moreover, it would 
be the dream of many a pedagogue as a means of 
putting the final polish on the best of his young 
charges. 

In engineering, however, such a training is virtu- 
ally impossible, except to those with money and 
influence ; hence the system at present in vogue 
excludes from engineering an important section of 
the rising genération. In considering recruitment 
for the professional side of engineering, it is impor- 
tant to remember that, except for families already 
in touch with engineering, it is unlikely that men will 
enter this profession with the extended training 
given frequently as an entrance to some other 
professions. Moreover, the whole tendency of the 
present schools is to dissuade boys from entering a 
profession in which overalls may be worn and the 
hands dirtied at times with oil. 

Engineering, then, starts at a disadvantage as a 
profession and, although many of these highly- 
trained young men will be mere “ passengers ” 
wherever they go, there will be among them many 
of the type that is badly needed in engineering. 
On the other hand, engineering has had in the 
past the great advantage of drawing from the 
trade side a set of men who have made first-rate 
professional men, in spite of the alleged narrowness 
of their training. They have come from all social 
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strata ; sometimes never expecting to rise from the 
trade; sometimes with financial resources and with 
no intention of remaining in the workshop. 

In real experience, these men, at the age of 25 to 
30, will be far ahead of their competitors who have 
followed the more sheltered and more academic 
training. It may be said by some that they will 
not have the ability to rise above details and fill 
the really big jobs in the industry, but there is not 
much evidence in favour of this view. It is true that 
a man brought up among details may fail to rise 
high enough to see over the tops of the trees, but 
if he can get the distant view, surely it is an advan- 
tage to know what is going on in the undergrowth. 
The fact that some are incapable of forgetting the 
irrelevant detail should not be put against the man 
who knows the detail, but can look past or over it, 

Even this source of good men for the top jobs is 
endangered by the present tendency to encourage 
all the best boys to avoid the workshop. Many 
of our finest engineers among the present older 
generation entered the workshop to “‘ learn a trade ” 
and earned their way up the professional ladder 
by their excellence. To say that they were narrow 
in their views is ludicrously untrue, and if there is 
something lacking in the present-day output of a 
similar training, it is almost certain that the reason 
is not the training, but the quality of the entrants. 
The best men have been side-tracked by the bait 
of a safe and well-paid job in some other profession. 
The tradesman’s pay is not very alluring for the 
brilliant man; the prospects of professional ad- 
vancement are uncertain and at best are not 
favourable, compared with other professions. 

What has the engineering profession done to 
counteract these tendencies? Mainly—nothing. 
In the past, engineering firms have been able to 
staff their works with men who were reasonably 
satisfied with their rewards, and it was possible to 
put over them managers whose promotion did not 
cause resentment. Sometimes, these managers had 
themselves been through the shops and were known 
to be good men; sometimes they were merely the 
boss’s sons or nephews. 

In both cases, they had a certain accepted stand- 
ing, and, in many cases, had the ability to control ; 
but their power was immensely strengthened by 
having under them a staff who could carry out the 
practical side of the work. This staff depended 
largely on the really good foremen—the industrial 
counterpart of Kipling’s ‘‘ Sergeant What’s-his- 
name ”—-who did not expect or desire promotion 
to the professional or managerial side, but were 
content with the bowler hat. Their work did not 
demand mathematical formulae; what few caleu- 
lations were needed were done elsewhere. Probably 
they had the ability to take a degree, but had neither 
the chance nor the desire to follow the academic line. 

Not many of these men were required, and there- 
fore any small interference with the supply might 
have a great effect. There can be no doubt that, 
in recent years, there has been an interference. 
The secondary school side-tracks them from all 
forms of industry; the technical school draws 
them out of the shops to the drawing office, and 
often enables them to enter the teaching side ;_ but 
their training makes them unwilling to work 
peacefully under men whom they know to be 
inferior as engineers. 

These changes are probably the real cause of the 
complaints that engineering is not getting its full 
share of the national ability and that the modern 
young engineer does not show initiative ; but, if 
the meat put into the machine is not up to the 
standard, it cannot be expected that the pies will 
be as good as of old. The poor quality may be in 
a change of the recipe or the method, or a change in 
public taste, but it is more likely that the meat 
supply is at the bottom of it. 

If engineering wants to draw in a better supply of 
talent, steps must be taken to do it ; the alternative 
is dependence on men with influence and money, 
and the few exceptional cases whose natural inclina- 
tion and ability overcome all obstacles. As a 
rule, these exceptions are men who enter as trades- 
men and are willing to rise slowly. 

Before making any constructive suggestions, it 
may be allowable to compare mechanical engineering 
with other branches. After all, mechanical engineer- 








ing is the real foundation of what is generally meant 
by engineering. Civil engineering has always 
exhibited a sharp distinction between the navvy 
and the professional civil engineer; the former 
had no aspirations to become the designer and 
originator of schemes. Electrical engineering has 
grown out of mechanical engineering. In the early 
days, all the electrical men were primarily mecha- 
nical. In more recent times, the training has become 
more highly specialised, and sometimes highly 
mathematical, the mechanical side being left to a 
mechanical specialist. 

On the other hand, the mechanical engineer has 
always been, and still is, closely connected with the 
details and with manufacture, as well as with the 
general lay-out. In many cases, his work is repe- 
tition, in the sense that he is generally producing 
the same sort of goods. Possibly because of these 
conditions, the mechanical engineering firm is 
generally a workshop, whereas the civil engineer 
may be entirely independent of the actual work 
involved. In marine work, the mechanical engineer 
compares with the engineer who supplies the engines, 
whereas the civil engineer is comparable with the 
naval architect. The latter does not rise from the 
ranks of the riveting squad and has very little to 
do with the actual building of the ship. 

It may be said with some truth that a student 
may enter the profession of civil engineering from 
a college ready to be of some use from the start— 
especially at surveying and simple design—whereas 
the mechanical engineer will need several years in 
and about shops before he reaches the same grade 
of utility, and then another two or three years 
to get experience at some special branch. Strangely 
enough, this lengthy training at a low salary does 
not guarantee promotion in the profession ; indeed, 
it is often quoted as proof that the mechanical 
engineer is of a lower standing than his civil 
associate. Ifthe profession of mechanical engineer- 
ing wishes to attract able men, it must stir itself 
out of its long sleep and do something about it, 
or forfeit the right to complain. 

In recent years, the increase in research has given 
work to many highly trained nren; and there are 
signs that the Government may encourage this 
supply by means of scholarships and sheltered initial 
jobs. Some students of the right type may be 
attracted, but the scheme is dangerous in the 
extreme. Without workshop experience, these 
students will be no match for the good student of the 
National Certificate type ; and, if the job does not 
need the workshop touch, it can be done by a degree 
man in mathematics or physics—who, if he fails 
to make good at research, can fall back on academic 
work. There is every reason to think that this 
misuse of the engineering degree will, in the long 
run, do harm to all concerned. The engineering 
department was started to train students for the bene- 
fit of the industry, and its real claim to existence will 
cease if its students have no touch with industry, ex- 
cept, perhaps, in the case of a few special colleges. 

At the moment, things are not promising for 
recruitment to mechanical engineering. On the 
one hand, the academic side is being pushed by those 
who consider that a college training alone can 
produce the genuine professional leader—oblivious 
of the fact that the time spent at college robs the 
man of another part of his training. Some directors 
are impressed by these arguments and agree to lay 
weight on a degree in making certain appointments, 
but they are often a little vague as to what the 
degree really means. Others are openly scornful 
of all forms of “theory” (not always without 
reason) and insist that the beginner must learn 
his trade as well as his profession, as his great 
grandfather did. They do not appear to realise 
that this revered ancestor did not need the highly 
mathematical and scientific training now essential 
for the full training of the engineer. 

In the midst of all this confusion, the industry 
as a whole does nothing, except to complain that it 
is not getting a fair share of the talent; and, in 
many cases, the colleges try to cram in more snippets 
of subjects which may impress the employer and, 
inevitably, cut down the essential parts of a 
training that should be designed not for immediate 
use, but as a solid foundation on which a structure 
may be erected at a later date. 





, No really satisfactory solution can be expected 
till a real understanding has been reached between 
the industry and the college. In the meantime, the 
college should aim at quality, which should not be 
gained by increasing the scope of the syllabus, but 
by insisting upon a much greater thoroughness in 
the training. The industry must begin to distin- 
guish between the totally different aspects of the 
trade and the profession. It will do no harm to 
the right type of boy to start with a training which is 
common to all entrants, but, as soon as he shows 
ability on the professional side, he must be allowed 
to cut out some of his trade training and run the 
risk of this sacrifice. 

It is all to the good that extra money may be 
earned by these boys, but it is the extra opportunities 
that matter. Ifa firm pay extra, they have a right 
to expect extra service and, in most professions, the 
aspirant is often forced to take lower pay in order to 
get the wider experience. So long as the immediate 
sacrifice is not too serious, there is nothing much the 
matter with this practice, provided that the aspirant 
is capable of gaining benefit by the experience and 
that he has a reasonable prospect of promotion. 

To arrange this, co-operation between the two 
sides is essential, and, if this can be attained, it is 
not unlikely that many changes may come about, 
involving the whole structure of full-time education 
for industry. The present methods have grown up 
from the demands of academic careers, and it would 
be strange if these demands agreed with what is 
required for the much more exacting demands of 
industry. The first step, therefore, is co-operation 
and, meanwhile, the colleges should do their best 
to train men who will be a credit to their training— 
remembering always that they are preparing mainly 
for industry, and not for research associations. 





CHEMICAL DESTRUCTION OF 
AGRICULTURAL PESTS. 


A DEMONSTRATION of equipment which has been 
designed for chemical and air warfare against agri- 
cultural pests, was given recently by Messrs. Pest 
Control, Limited, Harston, Cambridge. The apparatus 
shown includes a special acid sprayer and a standard 
potato sprayer, a corn sprayer with a 60-ft. boom, and 
a helicopter sprayer. The acid sprayer is designed 
to apply sulphuric acid to weeds and potato haulms. 
It consists of a 300-gallon tank, in which an air pressure 
of 50 lb. per square inch is maintained by a compressor 
driven from the tractor engine. The standard corn 
sprayer is equipped with a 500-gallon tank and a pump. 
enabling. an average of 35 acres a day to be 
sprayed with weedkiller or fungicides through a 36-in. 
boom, at a pressure of 400 Ib. per square inch. This 
machine is also adaptable to potato spraying by inter- 
changing the booms. 

The most interesting development is, however, the 
helicopter spraying machine, with which the firm have 
been experimenting since 1941. The advantages of 
using an aerial machine for this purpose, especially 
over tall interlaced crops, such as seed crops, is obvious. 
The spray liquid is introduced into the downward slip- 
stream of the helicopter, so that on reaching the ground 
it flattens out and partly rebounds. In this way the 
spray is carried to the under as well as to the upper 
surface of the leaves. It is claimed that a machine 
of this type will be very useful in South Africa for 
controlling the tsetse fly, while as a method of attacking 
the Colorado beetle it is not without interest in this 
country. The helicopter actually used in the demon- 
stration is an experimental adaptation of an army 
model, but Messrs. Cierva Autogyro Company are 
designing a heavy load-carrying machine for agricultural 
purposes in accordance with specifications prepared by 
Messrs. Pest Control, Limited. This machine, models 
of which were on view during the demonstration, is to 
be known as the “‘ Spraying Mantis,” and will, it is 
estimated, cover at least 400 acres a day. 

Other machines demonstrated included an automatic 
orchard sprayer, on which one, two or three banks of 
movable spray guns are continuously oscillated through 
an arc as it travels along, thus forcing the spray wash 
into the trees. The high-pressure pump on this machine 
operates at 800 lb. per square inch, and the tank capa- 
city is 550 gallons. For spraying tall trees, a 24-ft. 
tower can be fitted to the machine with two more 
oscillating banks of spray guns which are also hydrauli- 
cally operated. A gassing machine throws out a cloud 
of hot poisonous nicotine gas under a dry sheet, which 
is'40 ft. wide by 100 ft. long. The gas is thus confined 
over the crop for a time sufficient to destroy the pests 
completely. A 10-gallon tank is carried, which is 
sufficient to gas 30 acres. 
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MOBILE POWER UNIT AND 
WORKSHOP. 


THE power unit and workshop illustrated in Figs. 
1 to 3, on this page, although constituting a generating 
station, can be transported on ordinary roads under 
its own power. In spite of its compact size and mobi- 
lity, the unit has an output of 250 kW at 110 volts 
direct current. It has been designed and supplied 
by Messrs. Lang Wheels (Manufacturing), Limited, 
Hillingdon Heath, Uxbridge, Middlesex, to the order 
of Mr. W. Smart, its purpose being the supply of current 
for operating and lighting a large travelling circus 
and fair, these duties being filled previously by a 
number of small units scattered over the fair ground. 
The advantages of centralisation even in such cir- 
cumstances will be apparent and it is not difficult to 
imagine other purposes for which such vehicles will 
prove useful and convenient. While Figs. 1 and 2 
show one of the main engines and the switchboard, 
respectively, the appearance of the power unit on 
the road can best be visualised from the general view 
Fig. 3. which, however, shows the vehicle in a partly- 
completed condition only. When finished, the machi- 
nery is completely enclosed, the skirt carried all round 
the chassis and the silencers and fuel tanks in the 
roof covered in to give an unbroken top. The sides 
are also flush in the travelling condition and the 
whole vehicle is neat and of good appearance. As seen 
in Fig. 3, the structure immediately to the rear of the 
cab is one side of the switchboard. Below it, covered 
with a tarpaulin, is a generator driven by a take-off 
from the vehicle engine; in the centre are a pair of 
generating sets driven by internal-combustion engines, 
with large radiators at their rear ends, while the space 
behind these sets is utilised for the workshop. 

When the unit is in use the sides of the vehicle are 
opened up, these being divided longitudinally so that 
the bottom half folds down to form a verandah floor, 
3 ft. wide, and the top half folds up to form its roof, 
appropriate chromium-plated stanchions and handrails 
being fitted. There is thus a verandah on each side 
reached by portable steps at the ends. When the 
unit is in operation, the chassis is carried on four 
hydraulic jacks, although it is stated that even without 
them very little vibration is experienced. The body is 
of sheet aluminium carried on a framework of heavier 
construction than is normal with a road vehicle, in 
view of the rough ground which has sometimes to be 
traversed. The chassis, supplied by Messrs. Fodens, 
Limited, Sandbach, Cheshire, is reinforced for the same 
reason. It is of Messrs. Foden’s D.G.6/15 type, mounted 
on eight wheels with heavy pneumatic tyres. It is de- 
signed to carry 15 tons at the statutory speed of 
20 m.p.h. for this type of vehicle. The width of the 
body in travelling condition is 7 ft. 6 in., and as regards 
braking and other equipment the vehicle complies 
with all the provisions of the Road Traffic Acts for its 
class. The engine is the standard type fitted to 
the Foden chassis, namely. a Gardner 6.L.W. six- 
cylinder heavy oil engine, developing 105 brake horse- 
power at 1,750 r.p.m. on road duty. When the vehicle 
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is stationary and the engine is used for power generation 
the speed is controlled at 1,500 r.p.m., and approxi- 
mately 75 brake horse-power is developed. The engine 
is utilised for this duty by the employment of a take-off 
shaft driving the 50-kW generator just visible below 
the switcHboard in Fig. 2; normally, this generator is 
covered by the platform for the switchboard. The 
commutator on the right in Fig. 2 is that of one of 
the other two generating sets. The Gardner engine 
has overhead valves in detachable cylinder heads and 
the atomisers can be readily removed without breaking 
any water joints. The fuel pump is automatically 
controlled by a centrifugal governor. Forced lubrica- 
tion to all moving parts is provided by a submerged 
pump with an integral filter and having an Auto-Klean 
filter in the pipe line. Cooling is by radiator with 
pumped water circulation. 

The main generating sets were supplied by Messrs. 
Ruston and Hornsby, Limited, Lincoln, the power 
being provided by two of the firms’ 6.V.P.H. heavy oil 
four-stroke compression-ignition engines. The general 
appearance of one of these sets is shown in Fig. 1. 
The engines are of the six-cylinder type and each has 
a rated output of 150 brake horse-power at 1,250 
r.p.m. They are directly coupled to 100-kW generators. 
The bedplate is surmounted by a monobloc crankcase 
with inspection doors for access to all main bearings 
and connecting-rod bearings. All these bearings have 
steel shells lined with anti-friction metal ; the gudgeon 
pin has a chilled phosphor-bronze bush. The cylinders 








have renewable wet-type liners and water-jacketed 
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separate heads. The heads carry overhead inlet and 
exhaust valve gear, and the injector and air starting 
valves. The camshaft is driven from the flywheel end of 
the crankshaft by chain, and a similar drive is fitted at 
the opposite end for a centrifugal circulating pump 
supplying the cylinder and head jackets through a large 
radiator. The crankshaft is of solid forged steel and has 
a critical speed well above the maximum engine speed. 
The connecting rods are formed from steel stampings 
and the pistons are of a heat-resisting alloy ; they have 
four pressure rings and a scraper ring. Fuel-injection 
pumps, individual to each cylinder, are housed in a 
monobloc casting. The fuel-pump camshaft is chain- 
driven from the crankshaft, the camshaft also driving 
a centrifugal governor designed to permit variation 


| of the engine speed while running. The injectors are 


of Messrs. Ruston’s patented type and are fitted with 
edge type filters; a filter is also fitted on the suction 
side of the fuel pump. The engines run on most Diesel- 
type or distillate fuels having a specific gravity not 
exceeding 0-88 and a viscosity not greater than 
45 seconds at 100 deg. F. (Redwood No. 1). The fuel 
is carried in three overhead tanks, each holding 50 
gallons, a quantity which, it is stated, will give a 
supply for approximately 10 hours at full load. The 
engines are lubricated by a submerged gear-type pump 
chain-driven from the crankshaft, the oil being cooled 
by the circulating-water system. A hand pump is 
provided for lubrication on starting. 

As regards the electrical equipment, all three genera- 
tors, namely, one of 50 kW and two of 100 kW each. 
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were supplied by Messrs. Lancashire Dynamo and 
Crypto, Limited, Trafford Park, Manchester, 17. All 
are of the level compound-wound screen-protected type. 
In order to withstand the exacting conditions of service 
as regards damp, the armatures are insulated with 
mica for the most part, the shunt coils being wound 
with cotton-covered wire having heat-conducting 
enamel applied to each turn. The complete armatures 
are dynamically balanced. All three generators 
deliver in parallel to the common switchbaord illus- 
trated in Fig. 2. This switchboard was supplied by 
Measrs. Foster Transformers and Switchgear, Limited, 
South Wimbledon, London, S.W.19, and consists of 
four panels. The three panels on the right control 
the generators and are equipped with ammeters and 
voltmeters, and with starting push-buttons for the 
respective engines. An overload and reverse-current 
relay is provided to protect each generator from 
damage arising from a short circuit on any of the 
feeders, and to prevent any one generator feeding 
power into another should the fuel supply to one of 
the engines fail. A voltage regulator is provided for 
putting the generators in parallel and for adjusting 
the load distribution. The panel on the left-hand of 
the switchboard carries six double-pole outgoing feeder 
control switches, and on a separate panel at the back 
are two 400-ampere fuses which are held in place by 
leather straps to prevent them from being jolted out of 
position when the vehicle is travelling over rough 
ground. The feeder circuits have plug and socket 
connectors terminating the outgoing cables, 20 feeders 
in all being provided. All the knife switches are 
enclosed in steel quadrantal covers to ensure the 
safety of the operators, The top of the switchboard 
carries an eight-day clock and a separate ammeter 
which indicates the whole of the output current at 
any time. The workshop, as already stated, occupies 
the rear platform of the vehicle. Itis sufficiently roomy 
to accommodate a 4-in. centre gap lathe, a portable 
are-welding set, a small workbench, a chest of tool 
drawers, and a vertical electric drill. 





INTERNATIONAL TECHNICAL 
CONGRESS IN PARIS. 


We have received from Mr. Robert Lowe, the 
London organising secretary, whose office is at 82, 
Victoria-street, London, 8.W.1, particulars of the 
programme arranged for the International Technical 
Congress which is to be held in Paris from September 
16 to 21, inclusive, and the programme of visits to 
works, etc., which follows the technical meetings, from 
September 21 to 26, inclusive. The French secretariat 
is at 27, Rue de Constantine, Paris (Je). The chairman 
of the British Committee is Mr. W. R. Howard, 
M.L.Struct.E.. the honorary secretary is Mr. Frank 
Parfett, F.S.E., and the organising secretary, as stated, 
Mr. Robert Lowe. 

The members of the Congress will attend the opening 
meeting in Paris, on the morning of Monday, Septem- 
ber 16, which will be followed by a meeting of the 
Comité d’Honneur, under the chairmanship of Mr. A. 
Antoine, for the purpose of electing officers. Technical 
sessions will be held in the afternoon of September 16, 
and in the morning and afternoon of September 17 
and 18. The subjects to be discussed have been 
arranged in four broad categories, designated A, B, 
€ and D. Group A deals with the general engineering 
problems of reconstruction and economic development ; 
B, with atomic energy; C, with the present position 
of applied engineering, in such fields as power genera- 
tion, transport, etc.; and D, with what may be 
described briefly as the sociological aspects of engi- 
neering, which is intended to include, inter alia, dis- 
cussions on the grouping of engineering societies, 
technical education and professional training, and the 
social role and status of engineers in different countries. 
The meetings of the four groups, each of which has 
various sub-sections, will be held in two halls simul- 
taneously. On the evening of Thursday, September 19, 
the members and delegates will be received by the 
Municipal Council of Paris; and on the morning of 
the following day there will be a meeting of the whole 
Congress, when sundry general resolutions will be 
voted upon. The closing meeting will be held on the 
evening of September 30. The programme of excur- 
sions includes visits to power stations, chemical and 
metallurgical plants, railway workshops, etc.,-to the 
hydro-electric installations of the Massif Central, and 
to the battlefields of Normandy, including the remains 
of the artificial harbour at Arromanches. 





SWITCHGEAR MANUFACTURERS’ DIAMOND JUBILEE.— 
Messrs. A. Reyrolle and Company, Limited, Hebburn-on- 
Tyne, have recently celebrated their diamond jubilee. 
The firm began operations on June 14, 1886, when a 
small workshop for the manufacture of switchgear was 
opened in London. A move was made to Hebburn in 
1901, where the present works cover 101 acres and 
7,000 employees are engaged. 











‘*HI-SHEAR ’’ STOP PIN. 


Fics. 1 to 3, on this page, show an ingenious 
method of fastening recently introduced by Messrs. 
Simmonds Aerocessories, Limited, Great West-road, 
Brentford, and patented and distributed by the firm 
under the name ‘ Hi-Shear Stop Pin.”’ The first part 
of the title denotes a characteristic of the device, the 
portion in shear being made from alloy steel having a 
minimum tensile strength of 55 tons per square inch. 
The last two words convey the idea of a fastening 
which is neither a bolt nor a rivet; it is, in effect, a 
form of rivet with a head, originally separate, firmly 
pressed on to a reduced neck. This construction 
will be at once evident from Fig. 3, which shows the 
stop pin in its finished condition. In Fig. 1, the two 
component parts of which the pin consists are shown 
assembled for the “ heading” process. At a in this 
illustration is the high-tensile pin itself, at 6 is the 
collar-like head which is made from an anodised alu- 
minium alloy, this material being adopted to eliminate 
the need for heat treatment. The pin is cadmium- 
plated for protective purposes. 





The setting, or riveting, head indicated at c, is a 
simple tool drilled axially with a hole of a bore equal 
to the diameter of the pin, the end of the bore being 
coned to an included angle of 60 deg. The tool can 
be fitted in a conventional riveting gun and an ordinary 
dolly d used to oppose it. The operation of forming the 
head is shown in Fig. 2. In this view the collar will be 
seen to have been decreased in height and, in conse- 
quence, to have increased in thickness, while a portion 
of it has overlapped the mushroom head of the pin. 
At the conclusion of the operation, which is seen in 
Fig. 3, the major portion of the collar is forced firmly 
into the neck of the pin under the mushroom head, 
and the small overlapping portion is “ pinched” off 
and falls out, as a ring, through the passage seen drilled 
through the tool at an angle to the axial hole. Com- 
prehensive tests have been made with Hi-shear stop 
pins in order to collect data of performance on the 
questions of shear strength, resistance to vibration and 
installation time. With a stop pin ~ in. in diameter 
the shear value, with material having a shear strength 
of 75,000 lb. (33-48 tons) per square inch, amounts to 
8,280 Ib. An average tensile strength may be taken 
at 5,720 lb. for thisdiameter. Itis stated that assembly 
with the stop pin is more rapid than with either 
aluminium-alloy rivets or standard bolts assembled 
with a ratchet spanner. 

The Hi-shear stop pin has been developed for aero- 
plane construction and it is claimed that it possesses 
certain definite advantages in use, among which are 
that washers are eliminated since the collars adjust 
themselves to a curved or inclined surface; that the 
weight is approximately one-third that of a nut and 
bolt assembly ; that considerable saving of space is 
effected while fewer pins than rivets are necessary for 
a given joint; and that uniform tension is always 
ensured. The stop pins are at present made in all 
usual diameters up to 1 in. and also with flat, or 
countersunk, ends, instead of the mushroom type 
shown to the right of the illustrations. 





EXHIBITION OF BRITISH AND 
GERMAN FIGHTING VEHICLES. 


Aw exhibition of British and German fighting vehi- 
cles, which has been arranged by the Fighting Vehicle 
Proving Establishment and the Fighting Vehicle 
Design Department of the Ministry of Supply, was 
opened at Chobham-lane, Chertsey, Surrey, on Monday, 
July 15. The primary object of this exhibition is to 
provide members of the Society of Motor Manufac- 
turers and Traders with as complete a picture as possible 
of the work that was carried out by the Germans in 
designing military vehicles during the war years. For 

urposes of comparison, examples of the British 
vehicles which were designed and produced during the 
same period are also shown. In addition to the 
complete vehicles, a large, and perhaps the most 
important, section of the exhibition is devoted to a 
display of assemblies and components. 

The section of the exhibition which is likely to 
attract the most attention is that devoted to tanks, 
not only because of its intrinsic interest, but because of 
the publication this week of the two reports of the 
Select Committee on National Expenditure on ‘‘ War- 
time Tank Production.’’ Designers and manufac- 
turers, after studying these reports, will thus be able. 
by direct inspection, to determine for themselves 
whether the criticisms made on such models as the 
Cromwell are justified. In addition to the Cromwell, 
examples of the Crusader, Cavalier, Challenger and 
Comet tanks are on view. The last of these is, of 
course, the present standard cruiser tank in the British 
service. It was developed directly from the Cromwell 
and was first used in the exploitation of the Rhine 
crossings in March, 1945. Its armament consists of 
the new 77-mm. gun, and it embodies a great many of 
the improvements suggested in the above-mentioned 
reports and gained from experience in the field. 

The German tanks on view range from the Light 
PzKw I, designed some years before the war and in 
service until 1941, to the Royal Tiger. An inspection 
of these vehicles illustrates the marked difference in 
conception and design between the PzKw III and IV, 
which formed the bulk of the German armour in Africa, 
and the later heavy tanks, such as the Tiger, Panther 
and Royal Tiger. The predominance given to gun and 
armour made the later tanks most formidable defensive 
weapons, but this quality was only obtained at the 
expense of both mobility and reliability. This is 
vouched for by no Jess an authority than General 
Manteufel, Commander of the German Panzer Army 
Group West, who has stated that the life of a Tiger 
tank between overhauls was not more than 370 miles. 
On the other hand, the life of contemporary British 
vehicles was between 2,000 and 3,000 miles. 

The influence of the offensive strategy of the Allies 
during the latter part of the war is clearly seen in the 
range of special assault tanks and armoured vehicles, 
which form another section of the exhibition. These 
vehicles, which have no counterpart among the German 
equipment, include a Crocodile Flame Thrower, 
which may be described as one of the most fearful 
weapons used during the war. It consists of a standard 
Churchill VII tank, on which the hull machine gun 
is replaced by a flame-throwing gun. The fuel and 
compressed gas for the latter are carried on an armoured 
trailer. In the same section is the Valentine scissors 
bridge, which comprises a 30-ft. span capable of carrying 
loads of about 25 tons. This is aoueea on a Valentine 
tank hull and can be launched without the crew leaving 
the vehicle of exposing themselves. A second bridge, 
which also has a 30-ft. span and can carry 40 tons, is 
mounted on a Churchill tank hull and can be launched or 
recovered hydraulically. The only German device 
shown in this section is the Goliath miniature tank. This 
is remotely controlled through a 2,000-ft. length of cable 
and carries an explosive charge, which can be detonated 
by the operator. The tank itself, which is driven either 
by a petrol engine or by an electric motor and batteries, 
is destroyed by the explosion. The British counterpart 
of this device, which is known as the Beetle, carries a 
150-Ib. explosive charge, which is detonated either by 
the operator or by impact ‘ 

In the components’ section of the exhibition are a 
representative selection of the British and enemy 
engines used on military vehicles. In addition to 
some of the latest examples of highly developed liquid- 
cooled German units, there are a number of air-cooled 
units of both the petrol and diesel types, which illus- 
trate the trend of development brought about by 
conditions in the Russian campaign. Included in this 
section is an M.A.N. 16-cylinder air-cooled compression- 
ignition engine, which has two crankshafts geared 
together. The development in the design of gearboxes, 
final drives and running gear, which was brought about 
by increasing vehicle weight, is illustrated by a number 
of examples from both British and German practice. 
Examples are also shown of the electric and hydraulic 
system of turret-control equipment, including the 
equipment adopted to secure rapid response and stabili- 
sation in elevation. 
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ELECTRONICS IN INDUSTRY. 


A SYMPOSIUM on industrial electronics, which was 
held at the Rugby Works of Messrs. the British 
Thomson-Houston Company, Limited, last week, had 
as its object the presentation of a general survey of the 
activities of the Electronics Engineering Department of 
that firm. It was primarily intended for the instruction 
of the staffs of the district officers of the organisation, 
but to make the information that had been collected 
available to a wider public, a well-illustrated book 
entitled Electronics in Industry, and a sound film 
with the same title, have been prepared. Since 
many of the features which make electronic con- 
trol valuable, such as absence of moving parts and 
noiseless operation, also render the apparatus non- 
spectacular, this film deals mainly with applications, 
including the control of motors, generators, and resist- 
ance welders, as well as with induction and dielectric 
heating. The symposium itself consisted of a number 
of short lectures on these and allied subjects, while 
electronic computing methods, industrial electronic 
valves and radar navigational aids were also dealt 
with. The lectures were supplemented by the inspec- 
tion of an exhibition at which a great deal of the 
equipment described was displayed. 

As an illustration of what is being shown at this 
exhibition, mention may be made of the electronic 
regulators which are being increasingly employed for 
maintaining a constant voltage on alternating- and 
direct-current systems. These regulators are available 
in two main types: the thyratron, which supplies the 
necessary excitation either directly or through an 
exciter; and the quiescent pattern, in which the excita- 
tion under steady load conditions is provided by an 
exciter and a motor-driven field rheostat, while tran- 
sient conditions are catered for by a quick-acting 
electronic regulator. This quiescent type, which is 
the less known of the two, is interesting owing to its 
suitability for the control of large turbo-generators. 
In this case, the motor-driven field rheostat controls 
one field of the main exciter and a quick-acting elec- 
tronic unit give: a buck-boost action to a second field. 
The effect of a sudden increase in load is therefore 
that the quick-acting circuit applies a boost to its 
field and the excitation is rapidly restored to the 
correct value. The motor-driven field rheostat next 
reduces the resistance in the other field circuit, until 
the latter is again providing all the excitation and the 
boost then falls to zero. A similar system is applicable 
to the speed regulation of, say, Ward-Leonard drives. 
In this case, an electrical indication of the speed is 
obtained from a tachometer-generator, which is driven 
by the output shaft. The signal from this generator is 
fed to the electronic control, which adjusts the excita- 
tion, so that the speed is controlled within the desired 
limit. This system has been applied to the motor drive 
of a 4,000-h.p. wind tunnel, and, it is claimed, enables 
the speed to be maintained constant within 0-2 per 
cent. of the maximum. A tachometer-generator in 
combination with an electronic device can also be used 
for shifting the brush gear on alternating-current com- 
mutator motors, thus maintaining their speeds constant 
to within about 0 05 per cent. of the maximum. 

The increasing employment of welding during the 
war lends interest to the electronic controls which have 
been designed for use with resistance welding machines. 
These controls, which find their chief application in 
spot welding, projection welding and seam welding, 
and enable precise control of the welding period to be 
obtained, may be divided into two main classes: those 
in which the welding current is controlled by an elec- 
tronically timed magnetic contactor, which is con- 
nected in the primary circuit of the welding trans- 
former; and those in which the primary current is 
controlled directly by electronic means, such as the 
ignitron. In the first of these classes an electronic 
timer has been designed to give weld times from 
0-1 second to 10 seconds, and to produce 150 welds 
per minute. On the other hand, the ignitron has the 
advantages that, as no moving parts are required in 
the power circuit, maintenance is reduced to a minimum 
and operation is noiseless. For welding times of less 
than 0-1 second synchronous electronic control is 
essential. This ensures that all welds made on a 
given control setting are of the same duration, and 
enables weld times as short as 9-01 second to be 
obtained. 

The employment of induction heating by using high- 
frequency power produced by valve oscillators to heat 
large masses of metal was also illustrated in the 
exhibition. For this purpose, the British Thomson- 
Houston Company are at present standardising on a 
frequency of 550 kilocycles, which, it is claimed, enables 
such applications as the surface hardening of gears 
and small shafts and through heating for annealing and 
brazing processes, to be carried out satisfactorily. For 
dielectric heating, a frequency of 20 megacycles or 
more i3 required. Power oscillators of the same type 
as those used for this purpose are being employed by 
the company for drying timber. 








LABOUR NOTES. 


At the end of June, the membership of the Amalga- 
mated Engineering Union was 766,451—an-+-increase 
of 459 compared with the total at the end of May. 
During the month, sick benefit was paid to 5,861 
members—a decrease of 740—and superannuation 
payments were made to 17,142—an increase of 193. 
The total number of unemployed members was 5,652— 
a decrease of 198. 


In the course of an article on the subject of the 
drive for increased production, the writer of the 
editorial notes in the July issue of the Amalgamated 
Engineering Union’s Journal says :—‘‘ We are aware 
of all the arguments by which concentration upon 
production can be justified. But the figures suggest 
that there is not, perhaps, an over-weighting of labour 
in the export industries, but an under-rating of the need 
for increasing the labour which is required in the 
trades producing consumer goods at home. It is 
here that the overall shortage of manpower is making 
its influence felt most. There is actually, according to 
the official figures, a smaller total working population 
now than at the end of the war. All told, the number 
of men and women counted in the working population 
at the end of April was 20,427,000, excluding those 
employed in domestic service. But this is 1,142,000 
less than in June, 1945, and the withdrawal of women 
from industry and employment generally accounted 
for no less than 946,000 out of this total decrease of 
1,142,000.” Tt 

“Here, it seems to us,” the writer continues, “is 
the key factor in the manpower position. Industry has 
lost that tremendous reinforcement of its labour 
resources derived from the employment of ‘women 
during the war. If women could be brought back into 
industry in anything like comparable numbers, the 
situation would be changed materially and for the 
better. But the problem of recruiting women for 
industry is not going to be solved by sentimental 
appeals to them. Conditions in industry must be 
such as will attract them to employment and especially 
must the wage standard be raised.” 


The fine weather possibly had something to do with 
the unrest which developed in the dock areas of London 
and Southampton, for few of the issues that were 

ised seemed to be of a major industrial importance. 
The strike at Smithfield was, however, in a different 
category. Here, the stoppage of transport workers 
was against the employment of three drivers who, it 
was alleged, were not trade unionists. Official accounts 
of a settlement were issued late on Friday last, but 
nothing was said about the terms. The latter, when 
they become known, will, no doubt, interest firms in 
other industries which are opposed to claims that all 
their employees should be trade unionists with “ clear 
cards.” 7a 

Statistics compiled by the Ministry of Labour and 
National Service show that more people were employed 
in the following industrial groups in April, 1946, than 
in mid-193° : metal manufacturing, engineering, vehicle 
construction, shipbuilding, metal goods, chemicals, 
road transport, glass, and rubber. Among the main 
industries, the following employed fewer workers 
this year than in 1939: coalmining, food, drink and 
tobacco, textiles, leather, clothing, woodworking, 
paper and printing, brick and tile, pottery, building, 
distributive trades, commerce and finance, hotels, and 
laundries. Lili 

The total number of men and women unemployed 
in this country (including Northern Ireland) on May 13 
was 405,802. The industries having more than 10,000 
out of work at that date were :—General engineering 
(35,813), explosives (29,160), distributive trades 
(29,226), National Government service (21,187), coal- 
mining (14,542), building (13,750), and Local Govern- 
ment service (10,828). 


The result of the ballot in the election of a successor 
to Mr. Ebby Edwards as general secretary of the 
National Union of Mineworkers, is expected to be 
known by August 24. The candidates are :—Mr. 
Arthur Horner, president of the South Wales Area; 
Mr. E. Jones, Secretary of the Yorkshire Area; and 
Mr. J. H. Standing, check-weighman, Atherton Col- 
liery, Lancashire. Mr. Edwards has been appointed a 
member of the National Coal Board. 





Mr. Frank Foulkes, general president of the Elec- 
trical Trades Union, expressed the opinion, at a delegate 
conference in Hastings last week, that trade unions 
would have to adapt themselves to new duties as the 
Labour Government’s programme developed. They 











would, he said, have to create new methods of negotia- 
tion and organisation which nationalisation and State 
control would demand, and it was their duty to prepare 
for that. The conference was called chiefly for the 
purpose of revising the rules, and one of its early 
decisions was the adoption, by a large majority, of a 
resolution endorsing the executive council’s desire to 
continue discussions with other engineering unions, 
particularly the A.E.U., on amalgamation ‘on the 
definite understanding that no amalgamation shall 
take place without a plebiscite of the members.” 


In the House of Commons last week, Colonel Hutchi- 
son, the Conservative Member for Glasgow ©., asked 
the Chancellor of the Exchequer if he was aware that 
British shipowners were sending their vessels for repair 
to Belgian vards, owing to the harder work of Belvian 
shipyard operatives. Shipyards in this country, 
Colonel Hutchison said, were able to take these vessels 
with the result that the drain on the exchange of this 
country would be avoided. One of the other sugyes. 
tions in the question was that the Chancellor should 
endeavour to persuade his colleagues to get the men to 
give a fair day’s work for a fair day’s pay. 


Dealing with the question as a whole, Mr. Dalton 
said that he thought it was misleading, if not improper. 
If Colonel Hutchison gave particulars of spare berths 
in British yards he would bring the particulars to the 
notice of those who dealt with matters of the kind. 
“* We are, however,”’ he declared, ‘‘ losing no exchanye. 
because the faster the repairs are carried out, the fewer 
foreign vessels have to be hired and to be paid for 
through the nose. 


Mr. Gallacher, the Communist Member for Fife, W.. 
asked if it were not the case that the shipyard workers 
of this country had a better record for production 
than the shipyard workers of any other country. 
The Chancellor said that he had no reason to doubt 
that that was so. 





The average increase of weekly full-time wage rates 
between the beginning of September, 1939, and the end 
of May, 1946, for workers of corresponding grades, in 
all industries (including agriculture) was between 
60 and 61 per cent. 

In the industries covered by the statistics regularly 
compiled by the British Ministry of Labour and 
National Service, the changes in rates of wages reported 
to have come into operation in the United Kingdom 
during May resulted in an aggregate increase estimated 
at approximately 187,000/. in the weekly full-time 
wages of about 480,000 workpeople. The principal 
industries and services in which increases were reported 
were the clothing industries, the omnibus service (com- 
pany-owned undertakings), road-vehicle repairing. 
brickmaking, soap, candle and edible fat manufacture, 
and drug and fine-chemical manufacture. Of the total 
increase of 187,000/., about 98,0001. was the result of 
arrangements made by joint industrial councils or 
other joint standing bodies established by voluntary 
agreement; about 71,000/. resulted from the issue 
of statutory orders; and most of the remainder was 
the result of direct negotiations by employers and 
workpeople or their representatives. 


The number of disputes involving stoppages of work 
reported to the Ministry as beginning in May was 19s. 
In addition, 23 stoppages which began before May. 
were still in progress at the beginning of that month. 
The approximate number of persons involved during 
May in these 221 stoppages, including those thrown 
out of work at the establishments where the disputes 
occurred, is estimated at 84,000. The aggregate 
number of working days lost at the establishments 
concerned during May was nearly 207,000. Of the 
stoppages of work through industrial disputes known 
to have been in progress at some time in May, the coal. 
mining industry accounted for 122, involving over 
41,000 men and resulting in an aggregate loss of 85,000) 
working days. 

Of the 198 disputes leading to stoppages of work 
which began in May, 25, directly involving 10,500 
persons, arose out of demands for the advances in wages: 
65, directly involving 12,200 persons, out of other 
wages questions; 5, directly involving 200 persons. 
out of questions relating to working hours ; 30, directly 
involving 19,100 persons, out of questions concerning 
the emp!oyment of particular classes ; and 63, directly 
involving 8,800, out of other questions respecting work- 
ing conditions. Six stoppages, directly involving 3,00) 
persons, arose from questions of trade-union principle. 
and 4, directly involving 1,100, were in support of 
persons involved in othe: disputes. 
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RESEARCHES ON INTERNAL- 
COMBUSTION PRIME MOVERS. * 
By Jamzs CatpERwoop, M.Sc. 


In presenting this paper, the author does so solely 
in the capacity of a reporter ; credit for the research and 
development work described is due to a team of engin- 
eers and scientists in the research department of Messrs. 
Sulzer Brothers, Limited, Winterthur. 

The combustion turbine, or, as it is to-day more 
usually named, the gas turbine, is an old idea; cer- 
tainly it long preceded the reciprocating internal- 
combustion engine. Its practical development as an 
efficient prime mover might have been achieved much 
earlier had materials been available to withstand the 
high temperatures that cannot be avoided if reasonable 
efficiency is to be obtained. Until recently, also, great 
difficulties would have been experienced due to the 
low efficiency of the types of blower and compressor 
that were available. When materials became available 
for rotors and blades capable of withstanding a fairly 
high stress for long periods at temperatures of 450 deg. 
C., the first step towards the combustion turbine became 
possible in the form of the exhaust turbine coupled to 
@ pressure-charging blower. Such machines have been 
working reliably and efficiently in service for 20 years 
or more. As materials became available that were 
suitable for still higher temperatures, research was 
started by many manufacturers of internal-combustion- 
engines and turbines. The simplest and most imme- 
diately fruitful line of development was the open 
turbine cycle with single combustion, with or without 
a recuperator. Many machines of this type are already 
in service but, while they are apparently mechanically 





* Paper presented at a meeting of the North-East 
Coast Institution of Engineers and Shipbuilders, held in 
Newcastle-on-Tyne, on April 5, 1946. Abridged. 
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sound, the efficiency that 
- can be obtained is compara- 
tively low. This cycle has 
8 sf the further disadvantage 
tem that its efficiency falls 
se 3 rapidly at reduced loads and 
< must still suffer this latter 
[2 disadvantage even if it be- 
comes possible, at increased 
blade temperatures and 
with a very large recupera- 
tor, to attain a full-load 
efficiency approaching that 
of the reciprocating internal- 
combustion engine. 

The greatest use to which 
the combustion turbine has 
been put is for the jet: pro- 
pulsion of aircraft. For 
this service the turbine 
need have only a compara- 
tively short life and thus temperatures may be used which 
give interesting efficiencies even with the simple open 
cycle. Such working temperatures would be impossible 
in a marine installation, the life of which must be 
100,000 hours or more. About 30 years ago, there was 
a proposal for a highly superc reciprocating 
internal-combustion engine exhausting to a turbine, 
the reciprocating engine giving power only to drive 
its supercharging pump and the turbine doing all the 
useful work. The scheme was not proceeded with, as a 
blading and rotor material, even for a comparatively 
moderate exhaust temperature of 400 deg. to 450 deg. 
C., was not then available. Some considerable time 
later; when better blading material had become avail- 
able, the same general scheme was proposed from 
various sources, using compressors of the free-piston 
type or normal internal-combustion engines to provide 
the exhaust gas; but no effective commercial develop- 
ment of any of these has yet been reported. 

The research with which this paper deals was started 
some ten years ago to determine practically, on com- 
mercial-scale tests, the most promising lines of develop- 
ment and the possible field of application of exhaust- 
gas turbines used in conjunction with reciprocating 
machines and of continuous-combustion gas turbines. 
The work done may be divided into (a) research on 
highly pressure-charged reciprocating engines exhaust- 
ing to turbines which develop a substantial part of the 
total power; (b) research on reciprocating units, both 
of the normal type and of the free-piston type, in which 
superchargi 
of the useful output is developed in the exhaust-gas 
turbine; and (c) research on the development of a 
cycle for a contbustion turbine to give reasonably high 
efficiency at a moderate maximum temperature with 
recuperator and air heater of reasonable size. A 

essential characteristic of such a turbine cycle, 
particularly for marine service, is a reasonably flat 
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efficiency curve at reduced loads and the correspond- 
ingly reduced speeds of the propeller. The reciprocat- 
ing unit used in (5), consisting of combustion cylinders 
and compressors, is described as a “power-gas producer” 
and the system is called ‘“‘ the power-gas process.” 

The combustion-turfine cycle shows no real advan- 
tage in efficiency over the steam turbine until tem- 
peratures in excess of 1,100 deg. F. (600 deg. C.) are 
used, and does not compare with the efficiency of a 
heavy-oil reciprocating engine until the comperenere is 
approaching 1,400 deg. F..(750 deg. C.). The highly 
pressure-charged two-stroke engine, or the free-piston 
compressor exhausting to a turbine, can be expected 
to reach efficiencies comparable with, although pro- 
bably somewhat lower than, those attained with the 
normal compression-ignition heavy-oil engine. In 
comparing the turbine with the reciprocating engine, 
however, it must not be forgotten that, while the 
former should be able to use normal boiler fuel oil, 
the latter generally uses fuel oil of a better and more 
expensive grade. 

Although there are materials available to-day that 
will stand up to comparatively high stresses, such as 
occur in a jet-propulsion unit at a temperature of 
1,400 deg. F., they will only stand these conditions 
for a short life in service. Even with the lower stresses 
that occur in the design of turbines that might be 
considered for marine propulsion, the life of materials 
at these high temperatures is limited, but it is reason- 
ably certain that material is to-day available that 
will stand up to a temperature of 1,200 deg. F. for the 
100,000 hours’ working life required from a marine 
turbine installation. 

When this work was started, the object was an 
increase in the specific output of normal types of 
two-stroke engines similar to, but greater than, that 
obtained with exhaust turbo-pressure charging on 
four-stroke engines. The opposed-piston type of 
engine was chosen for the first researches, for the 
following reasons. With the hig b.m.e.p. expected, 
it was evident that, even for relatively high output, 
the cylinder diameter would be small, with a corre- 
spondingly high speed of rotation. With the single- 
piston loop-scavenged engine, the difficulties of scaveng- 
ing and the scavenging pressure losses increase with 
reduced size of cylinder; the through-scavenging 
engine, on the other hand, does not suffer so greatly 
from increased scavenging losses with reduced size 
and higher rotational speed, and these conditions are 
best obtained in the opposed-piston type, which allows 
the greatest effective port area. With high revolution 
and the increased maximum pressures that 
occur with supercharging, the resultant increased 
stresses are more easily catered for in the opposed- 
piston than in the single-piston engine. High-pressure 
supercharging can, however, be applied to the normal 
single-piston loop-scavenged type of engine, and after 
the early tests on opposed-piston types, both single- 
and multi-cylinder loop-scavenged engines were tested 
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with supercharging, the design being suitably modified 
to meet the increased stresses. 

One of the main difficulties of the problem lay in the 
interaction of the various factors involved, that is, 
the provision of air, combustion, thermal stressing, 
tuning of compressor, engine and turbine, and scaveng- 
ing. This made it very difficult, if not impossible, to 
study the influence of changes in any one factor alone. 
In a four-stroke engine, the cylinder is self-charging 
and so draws in sufficient air to start even when (in a 
pressure-charged set) the charging blower is at rest ; 
but, in a two-stroke ine, it is impossible with an 
exhaust-driven turbo-blower to start the engine 
unless means are ided for a separate drive to the 
blower or some other means of scavenging the cylinder 
is used when starting. Tests showed that, even when 
this difficulty was overcome, the exhaust turbo-blower 
would only give enough air for scavenging and pressure 
charging when the engine was working at high load ; 
at reduced loads, the supply of air was not sufficient 
for combustion, so that output fell off, thus further 
reducing the turbine speed until the engine shut down 
completely. It was very evident that, if the super- 
charged engine was to work satisfactorily, it was 
essential either to provide additional power to the 
turbo-blower mechanically or electrically, to provide 
additional air by an engine-driven pump, or to provide 
all the air by an engine-driven pump and absorb the 
turbine output by gearing it up to the engine. 

Two methods of keeping the balance of turbine 
power and air requirements are to com the air 
in two stages, the first a turbo-blower driven by the 
exhaust turbine, the second a reciprocating pump 
coupled to the engine, or to use a turbine and turbo- 
blower geared to the engine so that, at low loads, 
power is taken from the engine to drive the blower, 
while at maximum loads any excess power that the 
turbine may develop over the blower load is available 
through the gearing as useful output. The drive 
between the turbo-blower set and the engine shaft 
must be very flexible, a hydraulic coupling or other 
suitable type of flexible drive being introduced between 
turbine and gearing. In a third arrangement, the 
rotary compressor is omitted from the turbine shaft 
and replaced by a reciprocating compressor driven by 
the engine shaft. A further arrangement is a supple- 
mentary electric drive to a separate turbo-blower. 

Throughout the tests, intensive study was devoted 
to the increased thermal stress on the piston and 
cylinder liner and the effect of this, together with the 
higher pressures, on the piston rings. In the large 
unsupercharged engine, the output is limited by the 
heat stresses set up in the piston, liner, and cylinder 
cover. For the highly supercharged engine, the pro- 
blem became one of limiting the increased rate of heat 
flow to the various surfaces, and, at the same time, 
arranging for intensive cooling as near as possible to 
the heated surfaces. The latter was simply a problem 
of mechanical design, solved by arranging that the 
cooling fluid flows at fairly high velocity through 
passages very close to the heated surface. 

The reduction to a minimum of the rate of heat flow 
was largely a question of research into the best relation 
between charging-air quantity and fuel burnt. » If an 
extremely large charging com: were fitted, heat 
flow could be greatly reduced, but the power absorbed 
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by the compressor would be such that the engine 
efficiency would be too low. If the supercharging 
pressure is excessive it also gives rise to difficulties 
in starting, as the working cylinder must have a lower 
Se ga ratio with higher supercharge and even- 
tually, with an extremely high supercharge, starting 
might become impossible. On the other hand, if the 
quantity of fuel burnt is increased directly in propor- 
tion to the increased quantity of air, the heat stresses 
and general temperature conditions of the cylinder 
become too severe; it is necessary, therefore, to run 
a supercharged engine with a larger margin below the 
limit of load which the engine is capable of carrying 
than is required with an unsupercharged engine. It 
was found possible to strike a balance between these 
conflicting factors which, together with the special 
provisions for carrying away the heat, allowed the 
use of a b.m.e.p. as high as 18 kg. per square centimetre 
without ex ing, on the working surfaces, the tem- 
peratures that are obtained in a large unsupercharged 
engine of the same power working at a b.m.e.p. of 
6 kg. per square centimetre. While it was essential to 
get reasonable working temperatures in the cylinder, 
this is not the only problem that arises; although 
working temperatures may be the same, the working 
conditions in other way are still not comparable with 
those in the unsupercharged engine. The wear of 
piston fings and seizure of pistons has proved to be a 
difficult problem with these high rates of supercharge. 
Various means have been tried to get over these 
difficulties and there is every reason to hope that the 
trouble has been overcome. 

The relative proportioning of engine, turbine and 
charging compressor was a question of relating results 
of tests by careful design work in order to obtain the 
best balance between these factors. It was eventually 
found that, with correct proportions, the turbine and 
compressor power were about equal at something 
rather below the highest safe loading of the engine, 
but at low loads the turbine output falls off, so that the 
power required for the compressor has to be transmitted 
through the ing. Scavenging presented no special 
difficulties. The only new Shien ae that of reducing, 
by suitable port design, the resistance to flow of air 
at comparatively high pressures, while still maintaining 
such turbulence as was required to ensure good com- 
bustion. This turbulence had to ensure that a greatly 
increased fuel quantity in relation to cylinder size 
could be burned in the same time as would be available 
in a non-s engine. All other problems, 
such as starting, increased bearing loads, cylinder wear, 
good combustion, etc., were of secondary importance, 
as their solution was only a question of design based on 

experience with normal engine types. 

PeThe womplex technical peblilenss iarvekved were 
tested on a series of engines over a number of years. 
Each: engine was designed to try out a icular 
problem, arising in a p programme of develop- 
ment. Fig. 1, on page 69, shows the first of these 
engines to be built as a complete combined unit, with 
turbine geared to the engine and supercharging air 
supplied by directly-driven reciprocating pumps, and 
Fig 2 shows the test results. In this diagram, the fuel 
consumption is given in grammes per brake horse-power 

hour; 100 per cent. output represents 1,370 brake 
orse-power on a one-hour rating. These investiga- 


tions were carried out on a series of single-piston and 
opposed-piston engines, the cylinder sizes ranging from 
120 mm. to 480 mm. bore. Rates of supercharge from 
2 atmospheres absolute to 6 atmospheres absolute 
(284 lb. to 85 lb. per square inch) were tried, and piston 
speeds between 6 m. per second (1,200 ft. per minute) 
and 12 m. per second (2,400 ft. per minute) were tested. 
Short tests only were carried out at the high figure 
of 6 atmospheres supercharge on two of the test engines. 
Longer tests were run at the lower rates of super- 
charging, #.e., round about 2 atmospheres. The maxi- 
mum piston speed also was tested only for half an 
hour’s run on one engine type. The tests of extreme 
rates of supercharge and very high piston speeds were 
only run to check the ultimate limits of engine output ; 
there was no thought that these figures might be used 
for the normal commercial development. 

With an ireed eaten engine supercharged te 
2 atmospheres (28} lb. per square inch) absolute, 
working at a piston speed of 7-5 m. per second (1,475 ft. 
per minute), and with a brake m.e.p. of 12 kg. per square 
centimetre (171 Ib. per square inch), a fuel consumption 
of 158 grammes (0-35 Ib.) per brake horse-power per 
hour was obtained. This compares favourably with 
the consumption of large slow-speed engines. On a 
six-cylinder opposed-piston engine of 1,500 brake 
horse-power continuous output, the arrangement of a 
turbine and rotary blower geared to the engine through 
a hydraulic coupling was tested. In general, the 
combustion characteristics of these highly. super- 
charged engines were excellent, and it was possible 
to burn even heavy fuel oils with completely smoke- 
free exhaust. For supercharging, reciprocating pumps 
and both axial- and radial-flow rotary compressors 
were tried, with and without intermediate cooling. 
Single-stage and multiple-stage exhaust-gas turbines 
were tested ; one of the latter is illustrated in Fig. 3, 
page 69. Throughout the trials, no major setbacks 
were experienced and the results, to a large extent, 
fulfilled expectations. 

On the basis of these trials, the construction was 
started of a 4,000-brake horse-power marine ine 
of a design considered to be suitable for a merchant ship. 
This engine is now running and will be subjected to 
extensive shop trials. When these have reached a 
satisfactory conclusion, it is hoped that there will be a 
suitable opportunity for trials in a ship. This engine, 
shown in Fig. 4, has six horizontally-opposed cylinders, 
320 mm. bore and 2 x 400 mm. stroke, 

The horizontally-opposed design was chosen because, 
in the first place, it was evident that the crankshaft 
speed would be higher than a suitable propeller speed 
for the normal ship requiring 4,000 h.p. Tf the engine 

been vertically with the two shafts 
geared on to a common main gearwheel, the centre-line 
of the propeller shaft would have been much too high, 
whereas, with the horizontal design, the propeller shaft 
could be at a convenient height. The more important 
point, however, was the question of dismantling. In 
the highly supercharged engine, the bottom end 
bearing size is increased as compared with a normal 
unsupercharged engine, and, for that reason, the 
bearing cannot be withdrawn through the cylinder. 
Subsequent tests have shown that the bottom-end 
bearing divided at an angle seems to be completely 





satisfactory. 
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A final point that had to be considered was the | four-stroke engine equally as in a two-stroke, and 


question of transverse vibration of the engine; the 
two crankshafts are geared to a common main wheel, 
to be coupled to the propeller shaft. This arrangement 
synchronises the two shafts and at the same time 
gives a 4 to 1 reduction, the crankshaft speed bei 
440 r.p.m. and the shaft speed 110 r.p.m. 
Scavenging and supercharging air is supplied by recip- 
rocating pumps driven from the coma at the 
scavenge-port end of the cylinders. The supercharge 
pressure is 2 atmospheres (28} Ib. _ square inch) 
absolute. Although test engines working at the same 
rate of superch: carried a b.m.e.p. of 12 kg. per 
square centimetre (170 lb. per square inch) or more, 
it was decided that, for marine work, the rating on 
this engine should be limited to 10-6 kg. per square 
centimetre (150 lb. per square inch) b.m.e.p. The 
exhaust-gas turbine is coupled through a hydraulic 
coupling and first reduction gear to the main gearwheel 
between the . For astern running, the 
exhaust is taken directly from the engine through a 
throttled hagas pipe: the astern — is about 
60 per cent. of the full-ahead power. This engine is of 
robust design, suitable for marine service, but even 
so shows to advantage over established t; 
both in wilt sed space. imi test results 
are shown in Fig. 5, opposite. In this diagram, curve 1 
shows the specific fuel consumption in grammes per 
brake horse-power per hour; curve 2, the mean 
effective pressure in kilogrammes per square centi- 
metre; curve 3, the pressure before the turbine, in 
kilogrammes per square centimetre, absolute ; curve 4, 
the scavenge air pressure in kilogrammes per square 
centimetre, absolute; curve 5, the exhaust tempera- 
ture after the turbine, in deg. C.; and curve 6, the 
exhaust temperature before the turbine, in deg. C. 

A lighter engine for special services is also under 
construction and will soon be ready for tests. This 
engine will have eight vertical cylinders, 180 mm. 
bore and 2 by 225 mm. stroke. It is designed to work 
with a supercharge pressure of 2-5 kg. per square centi- 
metre absolute and to develop a continuous output of 
2,500 brake horse-power at 1,000 r.p.m. with a piston 
speed of 7-5 m. hs’ second (1,475 ft. per minute), 
and a b.m.e.p. of 12-3 kg. per square centimetre 
(175 Ib. per square inch). The one-hour rating for this 
engine will be 2,850 h.p. at a b.m.e.p. of 14 kg. per 
square centimetre. In this unit the com r will 
be of the rotary axial-flow type, directly coupled to 
the exhaust turbine, both being coupled through a 
hydraulic ling and gears to the lower engi 
crankshaft. ‘The rotary compressor has been in 
this engine as there is no intention of making the 
engine reversible and also to save space, or, alterna- 
tively, complication. The u and lower crankshafts 
are connected by a train of spur gears, and the drive 
is taken from the lower shaft. The frame is all-welded 
and the weight at the one-hour rating mentioned above, 
is approximately 3-2 kg. brake horse-power (7 Ib. 
per brake horse-power). general, the supercharged 
two-stroke gives a specific output much in excess of 
any other developed type of internal-combustion engine 
with compression ignition. 

Tests are also being made on a four-stroke engine at 


similar high rates of supercharge. It is evident that 
supercharging can be carried to high pressure in a 


that, in fact, in some respects the difficulties may be 
less. The supercharging rate of a four-stroke engine 
with an exhaust turbo-supercharger appears in the past 
to have been limited by the exhaust temperature, but 


being | this obstacle can be overcome by coupling up the 


supercharger to the crankshafts, as has been done 
with the two-stroke engine, so making it possible to 
supply additional scavenging air and to lower the 
exhaust temperature. 

While this high-pressure supercharging of the four- 
stroke engine has been tested, it was felt that, for really 
high ratings and large powers, the supercharging of the 
two-stroke engine wgs the principal line of develop- 
ment, as, with similaf rates of supercharge, the specific 
output of the two-stroke is much higher than that of a 
four-stroke. Two-stroke supercharging has been deve- 
loped now to the stage where it may be considered 
practical for rates of supercharge of 2 to 3 atmosph« res 
absolute (283 Ib. to 43 Ib. per square inch) with a 
b.m.e.p. of from 12 kg. to 15 kg. per square centimetre 
(170 lb, to 215 Ib. per square inch). For these pressures 
the rotary compressor, if used, must be of the multi- 
stage design. In general, the turbine will be of the 
nn tee, type for reason of simplicity of design, 
although fuel consumption might be improved with a 
multi-stage turbine. The turbine develops an output 
of 25 to 40 per cent. of the useful power and is a con- 
siderable step towards the true combustion turbine, 
consisting essentially of a compressor, a turbine and a 
source of heat between these two units. The true 
turbine, in which the turbine itself develops all of the 
power, is still the aim. In the meantime, however, a 
practical power unit has been developed at this inter- 
mediate stage, which, even after the combustion turbine 
has been fully developed, should still find a special field 
of commercial application, particularly for power out- 
puts lower than those for which the turbine is particu- 
larly suited. 

Although, at the moment, the two-stroke engine 
supercha’ to 2 to 3 atmospheres absolute has most 
closely approached the commercial development stage, 
there is an obvious incentive to raise the supercharging 
pressure still higher. As the s harging pressure 
is increased, the proportion of work done by the turbine 
rises, together with the power absorbed by the blower. 
Theoretical consideration showed that, at some chargi 

between 5 and 6 atmospheres, the work done 
by the turbine and that done by the reciprocating unit 
would be approximately equal, and each in turn would 
equal the power absorbed by the paaern Under 
these corditions, the unit consisting of the engine and 
com: r becomes a gas producer and the 
whole of the useful output is produced in the turbine, 
in which the hot high-pressure exhaust gas from the 
— is @ ed down to atmospheric pressure. 

e intention being to produce the whole of the 
power in the turbine, it seemed that the free-piston 
compressor unit was likely to prove the most satis- 
factory method of producing the power gas. It has 
the marked advantage over a rotating unit with 
crankshafts that the compression ratio is automatically 
variable, so that it is capable of starting at low pres- 
sures in the cylinder, whereas a crankshaft engine, if 





ee to such a high rate, involves severe diffi- 
jes in starting. When this work was started, the 








power-gas process seemed to offer considerable advan- 
tages, in that, at that time, materials were not available 
for turbine blading which would permit temperatures 
such that high efficiencies could be obtained on a true 
combustion turbine, whereas in the power-gas process, 
with a moderate turbine temperature, an efficiency 
closely similar to that of the normal reciprocating heavy- 
oil engine could be obtained. In any case, it was 
considered that, whether this type of plant was eventu- 
ally developed commercially or not, it would be a 
most useful stage in the general development towards 
a true combustion turbine, and a great deal of experi- 
ence on gas-turbine design would be obtained in the 
development. The system offers the advantage of 
considerable flexibility, in that a number of independent 
free-piston gas producers can all exhaust to a common 
turbine, and, as the power from each can be fairly 
large, the maximum possible output is considerably 
in excess of that of the usual internal-combustion 
engine. Fig. 6 shows the design of the free-piston 


power-gas compressor. 
(To be continued.) 





RoapD ROLLERS FoR INDIA.—The Government of India 
have recently entered into commitments totalling about 
3,000,0002. with two ieading British manufacturers of 
road rollers for the joint production of road rollers for 
India. This Anglo-Indian commercial agreement is the 
result of negotiations by a mission which flew to India 
early this year, at the request of the Government of 
India, to examine the possibility of utilising the plant, 
tools, personnel and other indigenous facilities for the 
manufacture of British-type road rollers. The conclusion 
reached after inspection was that this could be achieved 
to a substantial extent. The manufacture of steam 
rollers has been entrusted to Messrs. Marshall, Sons and 
Company, Limited, Gainsborough, and that of Diesel- 
engined rollers to Messrs. Aveling-Barford, Limited, 
Grantham. Both firms have agreed to place at the 
disposal of the Indian Ordnance Factories, now becoming 
available, all the technical data and information neces- 
sary for fullco-operation. Assembly and teste will take 
Place in India prior to delivery to the various provinces. 





“ SaFETY ELECTRICAL EQUIPMENT AND ITs USE.”’— 
By safety electrical equipment is now generally meant 
that class of equipment which has been designed for use 
in inflammable or dangerous atmospheres. The General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2, have just published the second edition 
of a booklet by Mr. S. W. Richards, bearing the title 
quoted above, and describing the constructional details 
of most flameproof and intrinsically safe electrical appara- 
tus, and also explaining the need for the stringent 
precautions which are taken in the manufacture. and 
installation of such equipment. This revised edition 
includes matter dealing with the use of fluorescent light- 
ing in mines and other inflammable situations. on the 
design of flameproof tubular and immersion heaters, and 
on the new flameproof joint made by the firm. There 
are also additional notes on the characteristics of inflam- 
mable gases and liquids, as well as a table showing the 
flashpoints, ignition temperatures, and explosive limits 
of the solvents and gases now used in industry. 
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AERONAUTICS. 
575,723. Flying-Boat Base. Saunders-Roe, Limited, 


of East Cowes, and A. Gouge, of London, S.W.1. (4 Figs.) 
March 31, 1944.—In this base, flying boats can be brought 
and berthed inshore, enabling passengers to alight 
directly on the dock, and the cargo to be discharged by 
cranes on the dock. The dock has a number of bays 11, 
to receive flying boats. These are shallow with a deeper 
central trough to receive the hull of the flying boat, which 
is drawn in with its nose towards the quay. Between 
each bay and the breakwater 14, parallel to the quay, is a 
cable 15, the upper run of which is sufficiently below the 
surface of the water in the channel to give clearance for 
the draught of the hull, and the lower run of which is 
near the bottom of the channel. At its inshore end the 
cable passes through an underground duct to a winch 19. 
At its offshore end the upper run of the cable extends out 
of the water and around a pulley 21 mounted on the 
breakwater. Each pick-up cable has stops 22 at fairly 
closely-spaced intervals in its upper run. The flying 


























23) 

boat, after landing on the water outside the breakwater, 
taxies into the channel and an automatic pick-up device 
is lowered from the bow to engage the cable. When the 
cable has been engaged by the device it is drawn in by 
the winch 19, and one of the stops 22 on the cable draws 
the flying boat into the trough in the dock. The cables 
not required for use are sunk in the channel, so as to 
ensure that the right one will be picked up. If the 
flying boat is out of alignment with the main towing cable, 
a second cable for connection to the tail is taken out from 
the breakwater by a dinghy. This tail cable is pulled 
in by a travelling donkey engine 24, so bringing the air- 
craft into alignment. The bays of the dock are roofed 
over, cranes on the roof serving to land and discharge 
the cargo, and sliding doors close the entries open to the 
channel. The central bay is a service bay and has a 
ramp at the end of the trough up which the boat can be 
hauled out of the water, on to a service space 31 on the 
quay. Travelling gangways permit passengers to embark 
and workmen to effect repairs and maintenance while 
the aircraft is in the water. (Accepted March 1, 1946.) 


ELECTRICAL APPARATUS. 


576,114. Contacts for Electrical Switehgear. Erskine, 
Heap and Company, Limited, of Salford, and W. Allcock, 
of Gatley. (4 Figs.) May 9, 1944.—The invention 
concerns heavy-duty contacts for high rupturing capacity 
oil circuit breakers used as direct-on starters for large 
motors, of the type in which two contacts engage the 
opposite sides of a contact bar. A spring-loaded dis- 
placer a guided to have straight-line movements, has two 
pairs of recesses d and e with a cam path in between 
them. The contact-carrying levers g are pivoted in 
fixed brackets and have rollers j capable of resting in one 
or other of the recesses in the displacer a so as to lock ite 
lever in either ite “ out ” or “ in ” position, or of travel- 
ling over the cam path from one position to the other. 
The contacts k are resiliently mounted upon the levers g. 
An insulation block g is secured to each displacer which 
insulates the bar p from the displacer. The outward 
movement of the contact-carrying levers is limited by 
brackets. The levers are held with their rollers in the 


(575.7 








recesses d by the pressure of the spring upon the dis- 
Placer. Flexible electrical connections are provided 
between the contacts and the fixed contact block. 
When the movable bar p moves the displacer a upwards, 
the rollers j ride up the cam paths and the contacts on the 
levers are pressed on to the bar p simultaneously with a 
strong but yielding pressure applied over the full contact 


the | surface. The final movement of the bar p while in 


engagement with the contacts effects a cleaning action 
on their surfaces. This final movement locates the 





(576.4) 


rollers in the lower recesses e in the displacer. When 
the circuit is to be broken, the movable bar is moved 
downwards and when it clears the contacts k, they are 
immediately swung outwards by the movement of the 
displacer downwards. This outward movement causes 
a able i in the “ breaking ” speed, and the 
circuit is broken on the tips of the contacts only. The 
top portion of the movable bar when in the closed 
position, is clear of the top of the contacts and the bottom 
portion is clear of the bottom portion of the contacts, so 
that the parts of the bar and contacts which get damaged 
due to arcing conditions are not in engagement when the 
circuit is fully made, and engagement is between un- 
damaged surfaces. (Sealed.) 


FURNACE APPARATUS. 

576,429. Chain-Tempering Furnace. Parsons Chain 
Company, Limited, of Stourport-on-Severn, and G. F. 
Carrington, of Beauchamp. (7 Figs.) May 1, 1944.—-The 
design of the furnace enables the chain to be heat treated 
in a continuous length, the furnace being of relatively 
small dimensions so that, while there is ample time for 
heat treatment, the chain leaves the furnace uniformly 
at a speed which ensures that the rate of quench shall 
be the most effective for the size of chain. The furnace 
consists of a shallow cylindrical hearth 1 with a domed 
roof, the base supporting a rotating circular hearth 3, 
having a horizontal top on to which the chain is fed 
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during rotation. The roof has an opening 2a through 
which passes a segmental guide 5 for the chain, which is 
oscillated as the chain C is fed on to the rotating hearth 3 
where it lies in a zig-zag. In the cylindrical wall of the 
furnace is a conduit 6 through which the chain is drawn 
into the quenching bath. The hearth is heated by a 
number of radiant conduits 15 and has a concentric 
vertical flue 16 with which these conduits communicate. 
The internal diameter of the furnace chamber is 9 ft., and 
the height at its centre is about 4 ft. The segmental guide 
5 is carried by a shaft 40 and oscillated by a connecting 
rod driven from a motor. The curved edge of the seg- 
ment has a flange 46 which nearly contacts the corre- 
sponding radiused mouth of sleeve 47 fitted in the opening 
2a. The chain C is guided over rollers,into a central 
guideway 48 and pulleys at the lower end of the guideway 
ensure @ smooth passage of the chain into the furnace. 
The chain is fed continuously through the roof of the 
furnace and is withdrawn from the furnace chamber 
radially through the outlet 6 a hood 19 being mounted 
over the outlet to seal it. The quenching tank 20 is 
located immediately beneath the outlet and the chain 





is carried under a driven pulley inside the tank anq 
passes out over another driven pulley. (Accepted Apri! 3, 
1946.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT 

575,468. Wire-Cutting Machine. Welwyn Electrica] 
Laboratories, Limited, of Welwyn Garden City, and N. F, 
Rohbie, of Welwyn Garden City. (2 Figs.) March 20, 
1944.—The machine is particularly suitable for cutting 
wire for use in radio and other electrical equipment. It 
automatically feeds a length of straightened wire through 
a die where a reciprocating knife severs it. The length 
of feed and timing of the cutting operation can be varied, 
The main shaft 13 is carried on the bed and drives a 
vertical axle 17 on which is a horizontal crank-disc or 
turntable 18. A radial slot in the disc 18 carries an 


adjustable crank-pin with a rotatable head, to which is 
secured an adjustable connecting rod 24. At the delivery 
end of the machine the shaft drives a cam 27 which 
actuates the reciprocating knife 28, a return spring 
ensuring the downward stroke of the knife. 


The forward 

















end of the connecting rod is pivoted ona pin which slides. 
with a slight amount of lost motion, in the crosshead 32. 
Mounted on the crosshead is a wire-feeding device having 
a wire-gripper Which moves vertically and is operated by a 
figure-of-eight shaped pivoted cam 37. As the connecting 
rod 24 moves forward the wire is gripped by the gripper 
and pushed forward through a fixed hollow die, but owing 
to the lost motion, the feeding device does not begin to 
slide back along the standing part of the wire until the 
knife has made the cut and until the cam 37 has released 
the gripper. The wire from a supply reel enters the 
machine through a die 40 and first passes through rollers 
which straighten the wire in the vertical and horizontal 
Planes and also act as brakes for the wire, so that when the 
wire-feeding device makes its back stroke and slides back 
along the wire, the wire is held steady. (Sealed.) 


575,738. Measuring the Thickness of Cylindrical 
Walls. The Glacier Metal Company, Limited, of Alperton, 
and W. H. Tait, of Pinner. (4 Figs.) March 6, 1944.- 
The invention is a fixture for use in measuring the wall 
thickness of a cylindrical body such as a bearing shell. 
On a bed-plate 11 is a vertical] column 12 to which a 
mandrel 13 is secured by a knurled screw 16. The 
mandrel is located by a pin 18 engaging the column, 
the pins on all mandrels used on the device being at the 
same distance from the upper surface of the mandrel so 
that the upper surfaces will always be at the same vertical 
height above the bedplate. The diametet of the outer 
curved surface of the mandrel is equal to, or slightly less 
than, the internal diameter of the bearing shell to be 
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mé@asured. The mandrel is hollowed at its free end to 


(s75,738) "7 
receive one anvil 23 of a micrometer. The anvil projects 
through a slot in the upper wall of this hollow end. A 
vertical column 27 at one end of the bedplate has a forked 
upper end which carries a pivot for a U-shaped frame 
which supports a dial micrometer. The frame is counter- 
balanced by an adjustable counterweight 40. The 
bedplate is levelled by means of two adjustable feet 
43 and the arm of the frame carrying the counter- 
weight is lifted by a screw stud 49 to prevent the lower 
arm fouling the mandrel. In use, the anvils of the 
micrometer are set to a spacing slightly less than the 
wall thickness of the bearing shell to be measured, and a 
mandrel, suitable to the size of the shell, is secured to the 
column 12. The shell is placed on the mandrel and pushed 
between the anvils. The dial 45 indicates the shell thick - 
ness at every point while the shell is rotated backwards 
and forwards on the mandrel. (Accepted March 4, 1946.) 
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expansion engines and thoy wea’: tiie last British 
H.M.SS. ‘*MINERVA’’ AND | monof-war to have “Sock” When I 
‘‘MAGNIFICENT,”’’ 1914-1917.* | was in the aw at Chatham in, 1885, I nee seen 
By Enorneze Captain Epgar C. Smrrs, the boil and fitting shope ft : : i B 
0.B.E., R.N. lent to her chief engineer, Josegf'. EE Pile, I put 
Havine enjoyed the “ privilege” of six weeks | the first machinery drawings a hip’s sketch 
leave, earned by my three years in Hong Kong,| book. Every ship and every E officer was 
on January 20, 1914, I found myself appointed | supplied with one of these y sketch 
to the third-class cruiser, H.M.S. Minerva (Fig. 1), books, which were ae | 3 belief = 


then lying in one of the basins at Portsmouth. 
For the next few months, I was y ap able to enjoy 
home life, my family exc six months the 
rural delights of Donington for the urban charms of 
Alverstoke, seeing more of ships and the sea than 
of farms and fields. Nothing occurred to disturb 
the peace of that spring save a fire in one of the ship’s 
bunkers, which led to my crossing the harbour at 
midnight and gave the local paper a chance to 
make @ splash with the headlines “ Warship Fire,” 
‘“‘ Bunker Blaze in H.M.S. Minerva,” “Steel Sides 
Aglow.” Imagination is certainly a wonderful gift ! 
Why the coal heated remained a mystery but, 

















“‘Engineer Officers will bec@ae 
with the internal parte of t : 
to examine and measure them 
making the sketches than if D - 
nery were to be furnished t 
had to be produced at insp 
and some of us spent many ho rei 
but all I saw told the same story, i ¢1 
were usually works of art whic at 
any drawing office, but this si 
Colours ceased to be used, ink 
the exact methods of descriptive gex 


by havi 





of freehand drawing, and then th 





; | sumption 
Hyacinth; which was not 





room and our connecting cord was carried up a 
ventilator. Beyond our sketch books and Manuals, 
engineer offieers had other manuscript books full of 
information about the structure of the ship and all 
the arrangements for ventilation, drainage, and 
pumping. Only chief and senior engineers had 
these books, which contained the rules and sketches 
by which they each obtained their “‘ Certificates of 
A 2 ” 


Though, considering her age, the Minerva in 1914 
was a very good shape, her machinery naturally 
was not in the perfect condition it was in 1900-01, 
when she was lent to the Domville Boiler Com- 
mittee, who pitted her against the Hyacinth, which 
had Belleville boilers. In October, 1900, the two 
ships carried out a series of coal and water con- 

trials, but the palm always went to the 
surprising, seeing that 

her boilers worked at 250 lb. pressure against the 
Minerva’s 150 lb. The Hyacinth’s engines deve- 
loped 10,000 h.p. at 180 r.p.m.; the Minerva’s, 
9,600 h.p. at 140 r.p.m. Though, while I was in 
her, we did not approach that horse-power or her 




















fortunately, the damage was slight. In June, 
the ship completed to complement and joined the 
Third Home Fleet for the manceuvres and the review 
inJuly. I watched the fine searchlight display at the 
review from the bridge of the ship with my oldest 
schoolfellow, A. E. Thomas, little thinking what 
the future held for us. He and I had won prizes 
at the Gravesend regattas and he afterwards became 
a& good yachtsman. His hobby, however, was 
soldiering and he held the rank of sergeant in the 
famous Honourable Artillery Company. A few 
weeks after I said goodbye to him, he crossed to 
France and, on November 25, met his death leading 
his men, the first of the H.A.C. to die in action. 
For the previous four years he had been the secretary 
of the Hampstead and North London Hospital, in 
the corridor of which is a tablet to his memory, 
which was unveiled by the then president, the 
Grand Duke Michael of Russia. 

The Minerva was one of the nine ships of the 
Talbot class, cruisers of 5,600 tons displacement, 
built during 1894-96. Her original armament had 
been five 6-in. and four 4-7-in. guns, but in 1914 
she had eleven 6-in. All the class had triple- 





* The previous article in this series appeared on 
pages 577 and 601, of vol. 161, (1946). 
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tracings pasted in, indicator diagrams, rough 
sketches, notes and calculations. When the days 
of examinations were over, the books were regarded 
as so much lumber, but we clung to them, and in 
1945, when notepaper was scarce, I had letters 
written on torn from a sketch book at least 
50 years old. As far as the Minerva’s sketches were 
concerned, neither the chief nor I measured anything, 
for I copied from drawings supplied by the Dockyard. 

Our acquaintance with our machinery was also 
furthered by compliance with the instructions to 
insert particulars of it in the ruled pages provided 
at the end of our Steam Manuals, and thus to-day 
I know that the Minerva’s eight single-ended return- 
tube boilers had 2,536 plain tubes and 1,016 stay 
tubes, that it was 75 ft. from the grate to the top 
of the funnel, and that the cylinder constants were 
H.P. 0-165815, LP. 0-373759, L.P. 0-843414; but 
why anyone troubled to go to six places of decimals 
I cannot imagine. Another valuable item of informa- 
tion was that the workshop engine had a cylinder 
4} in. in diameter. That engine did its best work 
in the Red Sea, for we harnessed our ward-room 
punkah to the quick-return action of the shaping 
machine and at meal times a stoker started up the 


H.M.S. “ Mnoverva.” 





engine, a service for which the mess paid him 10s. 
a month. The workshop was just below the ward 











original speed of 19-20 knots, she proved a good 
steamer and her reliability was unquestioned. As, 
during 1914-15, she passed from one squadron to 
another, each admiral found her a useful and willing 
maid-of-all-work. In the course of 13 months, she 
coaled 38 times, took aboard over 15,000 tons of 
coal, and steamed about 45,000 miles. The mere 
distance, however, is not the whole story, for at 
times—as, for instance, when patrolling in the 
7igean—the telegraphs were never silent for long 
and the engines underwent more frequent and 
severe alternating-stress tests than August Wohler 
ever dreamt of in his long life of 94 years. Every 

i on watch, I imagine, wishes at times that 
those on the bridge would use a little more discretion 
in the use of the telegraphs. The Minerva’s machin- 
ery, however, stood up to the strain very well. We 
did have accidents, three in all, and all connected 
with the slide gears. In the first, the flange of a 
steel link-block broke away, an accident perhaps due 
to a too-sharp corner being cut in 1895. In the 
second accident, an eccentric-strap bolt broke and 
the experts would to-day probably put that down 
to corrosion fatigue. The third was a little more 
serious, for an eccentric strap fractured while we 
were going at full speed down the Gulf of Akaba. 
The straps were of gunmetal, lined with white metal, 
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Fic. 2. Some Orricers or H.M.S. “Minerva” (1914). 
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and had lubricating boxes cast integral with them. | 
From the boxes, oil holes had been drilled. The 
strap broke across the line of holes and so, I suppose, 
the failure could be put down to a discontinuity. 
Of course, old age has to be taken into account. In 
the matter of speed and coal consumption, we were 
favoured by the ship’s copper sheathing being 
cleaned at Queenstown in August, 1914, and again 
at Malta in March, 1915, but of dockyards we saw 
little and of dockyard workmen nothing at all. 
After paying off in July, 1914, the ship lay in 
Stokes Bay for a day or two and then went into 
Portsmouth harbour to be made ready for the 
coming fight and to recommission. The captain, 
Percival Henry Warleigh, a gunnery expert, had 
about him more of the professor than the bluff sea 
dog, but I always found him genial and under- 
standing. The commander, William Balfour Mac- 
donald, had once been senior to Warleigh and in 
Egypt found a job more to his liking than a second- 
class cruiser. When Macdonald left us, the navi- 


gator, Lieutenant V. B. Cardwell, was given the 
rank of acting-commander, and, I think, held it 
for three years. As navigator, he was succeeded 
by B. C. Porter. Bruce Fraser (now Admiral Lord 
Fraser), our gunnery officer, had climbed the pro- 
motion ladder more quickly than some of his con- 
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temporaries, and—more important to the Minerva— 
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possessed qualities which endeared him to both 
officers and men. Lieutenant G. W. Busk Wood, 
R.N.R., of the Canadian Pacific Company, and 
Lieutenant H. R. L. Shaw, R.N.R., of the Union- 
Castle Line, were both genial shipmates. The latter 
rose to the command of the Warwick Castle and lost 
his life in 1942 in her when she was torpedoed 400 
miles from Gibraltar on her way home. The Royal 
Marines were well represented by Capt. J. W. Snepp, 
who, unfortunately, was wounded at Akaba; Staff 
Surgeon A. T. Gailleton was the family physician 
who, as censor, read many of our secrets, while in 
Paymaster B. A. Bromley we had an able accountant 
officer. Both the captain and Bromley were more 
than fortunate in having the assistance of Harold 
Vincent Such, of the Bank of England, who, as an 
Assistant Paymaster R.N.R. since 1903, brought to 
his task a wide knowledge of naval affairs and an 
alert mind. As a Paymaster Commander, from 1923 
to 1926, he served on the Royal Naval Reserve Advi- 
sory Committee, and in the Birthday Honours of 
1924 was given the 0.B.E. He was in the Minerva 
from August, 1914, to September, 1917, and after- 
wards wrote an accurate and entertaining account 


of the ship and her doings, which, it is to be hoped, 
will not always remain in manuscript. To him 
I am greatly indebted for permission to make use 
of this truly admirable record. Such was placed 








H.M.S. “‘ Minerva” OPENS THE WAR AGAINST TURKEY. 


on the retired list of the Royal Naval Reserve in 
1931 and retired from the Bank of England in 
1939 after holding for ten years the position of 
Deputy Chief Accountant. Among other officers 
who commissioned the ship were Chief Artificer 
Engineer J. Liddle and Artificer Engineer W. H. 
Ellison, on whom fell the brunt of the work of the 
engine room department, and also eight midship- 
men, of whom to-day the only survivors on the 
active list, I think, are Commander (E) P. E. F. 
Walker and Commander M. J. Parker-Buchanan. 
Many of those I have mentioned are shown in the 
rather pleasing informal group (Fig. 2) photographed 
when the ship was off Cape Finisterre in September, 
1914. Fraser (with pipe) and Such are in front, 
squatting on the deck. Half-hidden behind Fraser 
is Bromley, with Shaw on his right, and Cardwell 
is immediately behind:Such. Snepp is seated be- 
hind Shaw, I am peering over the top of Bromley’s 
cap, and standing behind me is Macdonald. Gaille- 
ton is perched behind Cardwell and in the back- 
ground, with only his head visible, is Wood. 
Captain C. P. Metcalfe, shown on the extreme 
right, was taking passage to the destroyer Wear, 
in which he was afterwards to earn the highest 
praise for his work in rescuing survivors from the 
battleship Irresistible when she was mined inside 
the Dardanelles. on March 18, 1915. 











> in 

in 
of 
pers 
icer 


the 
1ip- 
the 


an. 
the 


er, 
mit, 
ser 
vell 


y's 
lle- 
ck- 


me 
ar, 
est 
the 
ide 





WLS 


OES a re ae ir 


JULY 26, 1946, 


ENGINEERING. 





75 








The ship sailed from Portsmouth at 6 p.m. on 
the fateful August 4, 1914, and’ in preparation for 
what was now certain we obeyed the instructions in 
the Steam Manual by discharging the ammonia 
from the ‘‘ Lapwing” refrigerating machine and 
the spare flasks. Though now, in action, no one 
would be overcome by ammonia fumes, the cham- 
pagne had to go un- iced and the provisions uncooled, 
a 80, on occasions, we were down to “ bare Navy,” 
which meant tinned beef, tinned salmon, pea soup, 
etc., “the standard naval dish at the Equator or 
the North Pole.” Down below, we had two CO, 
plants for cooling the magazines, but in hot weather 
these had all their work cut out. Five hours after 
leaving Portsmouth (that is, at 11 p.m.) we received 
the signal ‘‘ Commence hostilities against Germany,” 
and some began to wonder if the German 11-in. 
gun cruiser Goeben would be at large in the Atlantic. 
After putting in at Queenstown, we joined the 
11th Cruiser Squadron, patrolling the dreary waste 
of waters to the south-west of Ireland, thus helping 
to guard the western approaches and cover the 
transports crossing to France. In spite of heavy 
seas, on our first Saturday out we toasted ‘‘ Sweet- 
hearts and Wives,” and afterwards kept up the 
practice. Our vigils off Ireland soon came to an 
end, however, by our being ordered to join the 
9th Cruiser Squadron, working northward from 
Gibraltar, and before long Cape Finisterre became 
as familiar to us as the Old Head of Kinsale. 

On September 1, we were instructed to meet the 
Challenger and take over the escorting of the 
Union-Castle liner Edinburgh Castle, homeward 
bound from Gibraltar with 700 troops. No sooner 
had we picked her up than we sighted the small 
Hungarian steamer Bathori, which had a shorter 
career at sea than in the law courts. With lyddite 
and guncotton, to the cheers of the 700 troops, 
we sent her to the bottom, her distressed captain 
watching the tragedy from our quarter deck. As 
she plunged to her doom, he raised his cap, saying, 
“Goodbye, old Bathori.” Nineteen years later, 
the Judicial Committee of the Privy Council had 
to decide, not whether we were right in sinking her, 
but whether the owners, captain and crew were 
entitled to compensation. It was then admitted 
that the Bathori had left Havre under a safe conduct 
from the French, countersigned by the British 
Consul, for the voyage to Vigo; and that she was 
registered at Fiume and was of Hungarian nation- 

ality. It was also admitted that her sinking was 
due to a misunderstanding, but all these admissions 
proved unavailing because, in 1920, the Treaty of 
Trianon was signed. Through international agree- 
ments, the wrong done in 1914 could not be righted 
in 1933. Having sunk the Bathori, the Minerva 
with her charge resumed her voyage, and, fog playing 
into our hands, we carried straight on into Ply- 
mouth Sound, seeing nothing of the French cruiser 
to whom we were told to entrust the Edinburgh 
Castle. 

It was a week before we left Plymouth again. 
We were to patrol the Atlantic no more, but, with 
the battleship Ocean, were to convoy 14 fine ships 
of the Royal Mail, Donaldson, Leyland and other 
lines, carrying the East Lancashire Division and 
the Herts and 2nd County of London Yeomanry, 
to the East. Aboard the Deseado, Aragon, Cali- 
fornian, Norseman, Avon, etc., were some 600 
officers and 17,000 men. Before we turned over 
the convoy to the Weymouth in the Eastern Medi- 
terranean, the Minerva had become so popular 
that the wardroom was afterwards sent a silver cup 
inscribed as from ‘‘ Major General W. Douglas and 
the Officers . - ,in Recollection of their voyage 
to Egypt in September, 1914, during the European 
War, under the safe escort of the Cruiser.” It was 
probably the first gift of its kind in the war of 
1914-18, and it is now in the Royal Naval Barracks 
trophy store at Portsmouth. In exchange for our 
convoy, the Weymouth turned over to us 23 ships 
bound for Marseilles with the first Indian contin- 
gent going to France. Our bunkers getting fairly 
empty, we hurriedly put into Malta for a couple of 
hundred tons and then saw our flock safely to its 
destination. From Marseilles, we were ordered to 
be Said, which meant another 900 tons of coal at 

ita. 


In the forenoon of October 3, after a somewhat 





stormy passage, we entered the muddy waters off 
the Egyptian coast and, passing the colossal statue 
of De Lesseps (Fig. 3, opposite), anchored amid a 
crowd of shipping off Port Said. When the great 
engineer died in 1894, at the age of 89, it was said in 
ENGINEERING, that ‘‘ The Suez Canal, costing 19 mil- 
lions sterling . . . was far more the work of Lesseps | ‘ 
than was the railway of Stephenson, the steam engine 
of Watt, and the spinning machine of Hargreaves.” 
Begun in 1859, the Canal was officially opened in 
November, 1869. From jetty head to jetty head, 
it is 100 miles long, including the passages through 
Lake Timsah and the Bitter Lakes. When it was 
opened, ships of about 4,000 tons could pass through, 
and among the first British vessels to traverse it 
regularly were the once famous Indian troopship 
Serapis and her four sisters. To-day, there are 
few ships4oo large to use it, and in 1927, 5,545 ships, 
with a net tonnage of 28,962,048, passed through the 
Canal. In 1914-15, it fell to us to defend it from 
attacks from the east ; in 1939-45, against attacks 
from the west. As a writer said in The Times, the 
Canal is not only a link between continents, an 
engineering wonder and a financial plum, but a 
factor in high politics. 

Leaving Port Said on October 5, the Minerva 
made the passage through the Canal, preceded by 
two empty transports to bump off any mines ; 
and from Suez we steamed southward, enjoying a 
temperature in the middle 90’s, which led to the 
setting up of our wardroom punkah. On our way 
down the Red Sea, we looked in at Jidda, firing 
two salutes, one of 20 guns—that was one short— 
and another of 21 guns. Our saluting gave Germany 
the chance to put about the story that we had bom- 
barded the port for Holy Mecca. After four days at 
Aden—and, of course, more coal—we left for 
Karachi, but only reached 800 miles east of Aden 
where we fell in with the Bombay and Karachi 
convoys, carrying the second Indian contingent 
and shepherded by the Swiftsure and Duke of 
Edinburgh, compared with which the Minerva was 
small fry. However, it fell to us to see the ships 
safely up the Red Sea to Suez, which we reached on 
October 31. We were to have had five days off for 
cleaning boilers, etc., but about five hours had to 
suffice and, with our bunkers again filled, we were 
sent off to Solomon’s old port of Ezion-Geber, or 
Akaba, where our doings were to lead people all 
over the world to scan their atlases. 

The Gulf of Suez is about 200 miles long, and the 
Gulf of Akaba about 100 miles (see Fig. 4, opposite). 
In between them lies the great mountainous mass 
of the Sinai Peninsula, rising to a height of over 
8,000 ft. The average width of the Gulf of Suez 
is some 30 miles, that of the Gulf of Akaba less than 
half as much; but, whereas the former is almost 
as busy as the Straits of Dover, the latter is as 
unfrequented as many a Scottish loch. Into this 
silent sea the Minerva burst time and again, passing 
through the narrow reef-protected entrance in the 
early morning and then steaming at speed towards 
Akaba. More often than not the waters, hundreds 
of fathoms deep, were unruffled, the air balmy, the 
sky cloudless, and at sunset and sunrise the serried 
ranks of the Sinai hills took on all the deeper colours 
of the rainbow. It looked a geologist’s paradise. 
Both the Asian and African heights were dry and 
arid, and the only vegetation noticeable from the 
ship was where rare cloudbursts had carried the 
debris of the valleys down to the shore and there 
formed sand spits on which grew the heirlooms of 
the Arabs, date palms. The cleft in the earth’s 
surface in which the Gulf lies is a continuation of 
that in which lies also the Dead Sea, 1,300 ft. below 
the level of the Mediterranean, and thus the lowest 
portion of the earth’s surface. 

Situated at the head of the Gulf of Akaba, where 
the boundaries of Arabia, Palestine and Egypt 
meet, the small town of Akaba, or Ezion-Geber of 
the Bible, whence Solomon sent his Phcenician sailors 
to Ophir, is of no commercial importance, but it is 
of value strategically for an attack on Egypt from 
the east, and we were being sent there to deny its 
use to the Turks and to gather information of their 
movements. Two destroyers had preceded us and 
had had a skirmish, but it was the action of the 
Minerva, on the afternoon of November 1, 1914, 
which announced to the world that hostilities had 





begun against Turkey, and, incidentally, told our 
families of our whereabouts. The Turks and Arabs 
had fled to the hills and wadis before we arrived, 
but to disperse any lingerers, Fraser’s 6-in. guns were 
pointed towards the old Sixteenth-Century fort, 
leading our artist to depict the scene in his sketch 

* Extraoi Behaviour of the Gunnery Dept., 
November 1, 1914” (Fig. 5, opposite), probably the 
only pictorial record of an historic event. If there 
were any casualties, they were among the hens and 
cats. During the succeeding days, the display of a 
flag of truce was followed by the setting fire to 
“ stores,” quenching the fires, putting out proclama- 
tions to the Arabs saying that we wanted to be 
friendly, and a seining party on the beach and the 
catching of many strange fishes. It was not always 
as peaceful as that. In the three months, December, 
January and February, we were at Akaba nine 
times, and became acquainted also with Mahna 
and Mowila on the Arabian coast. Dahab and 
Nawbi on the eastern side of the Sinai Peninsula, 
and. with Abu Zenina and Tor on the western side. 
We carried to these places officers familiar with the 
district, interpreters and secret-service agents. We 
had also French aviators with their seaplanes and 
British observers. In the crash of one of these 
machines among the rocks and scrub some miles 
north of Akaba, both Pilot Grall and Captain W. F. 
Stirling nearly lost their lives, but after some 
adventures regained the beach and the safety of 
the ship. Stirling, who later was the companion of 
Lawrence of Arabia, put his escape down to a piece 
of white heather I had given him. 

Among our most important expeditions was that 
to Tor, the quarantine station for pilgrims returning 
from Mecca. Thither from Suez we carried 400 
officers and men of the 7th Ghurka Rifles, under the 
late Lieut.-Col. C. 8S. Haldane. They were landed 
at dead of night and successfully accomplished their 
task with the loss of one comrade. Back on board 
again, it was difficult to know whether the cheery 
little men were more pleased with their 100 forlorn 
prisoners or with the blood on their murderous 
kukris. To show their appreciation of our hos- 
pitality, the officers of the regiment sent six of these 
weapons to be distributed among the ward room 
officers. Mine has a blade 12 in. long and a handle 
of 44 in. Three inches wide, the blade is ¥ in. 
thick at the back, tapering to a razor-like edge. 
Its weight is just under one pound. Of our other 
activities during those three interesting months— 
another run down the Red Sea, periods as Senior 
Naval Officer's ship at Port Said and Suez, some 
days lying in the Canal at Shalouf during the 
Turkish attack, etc.—there are full accounts in 
the entertaining chronicles of Such, and briefer 
records in the illustrated library work The Akaba- 
barian, published at Christmas, 1915. The attack 
on the Canal having been repelled and Egypt saved 
for the time, the dozen or so warships used in its 
defence were dispersed. The Minerva sailed for a 
colder clime and still more strenuous work, and we 
saw Akaba no more. Our destination was the 
Agean Sea. 

(To be continued.) 





RESEARCH LABORATORIES, SHEFFIELD.—Messrs. Edgar 
Allen and Company, Limited, Imperial Steel Works, 
Sheffield, 9, have announced that extensive new 
research laboratories are in course of construction at 
their works. It is hoped that they will be completed 
early in the autumn. 





THE LaTe Mr. J. H. Tovtmin.—It is with regret 
that we record the death of Mr. J. H. Toulmin, which 
occurred at his home, Catterall Cottage, Garstang, 
Preston, Lancashire, on July 12. Mr. Toulmin was a 
director of Leyland Motors Limited, Leyland, Lanca- 
shire, and had been connected with the activities of the 
firm for over 50 years. He was a director of James 
Sumner, Limited, a Leyland firm engaged in the manu- 
facture of steam lawnmowers, the forerunner of the Lan- 
cashire Steam Motor Company, which later’ became 
Leyland Motors Limited. He was also a director of 
Messrs. T. Coulthard and Company, of Preston, whose 
steam-wagon business was absorbed by the company in 
1907. He was appointed to the board of Leyland 
Motors Limited, in May, 1922, and, two years later, 
was made chairman. He retained this position for 18 
years, after which he was succeeded by Mr. C. B. Nixon, 
the present chairman. 
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LITERATURE. 


Jet Flight. By JoHN GRIERSON. Sampson Low, Marston 
and Cémpany, Limited, 43, Ludgate-hill, London, 
E.C.4. [Price 18s. net.) 

THE fact that so much of the development work 
on the jet propulsion of aircraft has been done under 
war conditions of extreme secrecy makes it especi- 
ally desirable that the first-hand experiences of 
those who were engaged in it should be recorded 
at the earliest stage that security permits. Even 
the most vivid personal memories can become 
appreciably less exact after a period of years, and 
when the occupation which provides them is 
essentially hazardous, there is always the possibility 
that the opportunity to set down really valuable 
information may be lost for ever. On every count, 
therefore, this book by the test pilot who first took 
the Whittle-engined Gloster Meteor on a cross- 
country flight must be welcomed as a valuable 
contribution. It is, as the author states, “‘ the story 
of jet propulsion from the inside as seen by a test 
pilot”; a pilot, moreover, who has the advantages 
of an exceptional background of air experience, 
considerable literary skill, and an evident bent 
for scientific inquiry. We venture to predict that 
few who start to read the book will lay it down 
unfinished—a sufficiently unusual tribute to 

in these columns; and that those who have read it 

will thereafter hold the courageous fraternity of 

test pilots in enhanced respect, as well as feeling 
that, even now, the recognition accorded to Air 

Commodore Whittle and his little band of early 

supporters is far from adequate. 

Heating and Ventilating for Architects and Builders. By 
R. K. CoRNELL, A.M.I.H.V.E. Paul Elek Publishers 
Limited, 36-38, Hatton-garden, London, E.C.1. [Price 
7s. 6d. net.) 

THs country is confronted with an enormous pro- 
gramme of building. The immediate emphasis must 
be on low-cost housing, but the planning of larger 
scale buildings is proceeding apace, and it is of the 
greatest importance that architects should have a 
clear understanding of the factors involved in the 
technical equipment of the buildings for which they 
will be responsible. Among such factors, the heat- 
ing and ventilating arrangements are of paramount 
importance, since the system to be employed, and 
the most suitable type of construction, are to a 
large extent interdependent; also, rising costs 
render it necessary to ensure that fuel for heating 
(which, somewhat surprisingly, accounts for half of 
the total inland consumption) is used in the most 
efficient way. A great deal of interest is being 
evinced in the subject and numerous articles, 
mainly on the simpler aspects of heating, are appear- 
ing in architectural and allied journals. This slim 
volume is reminiscent of the usual run of such 
articles. It gives an outline account of the methods 
commonly used for central heating and should serve 
to give an architect or builder a general acquaintance 
with the subject. 

Some typical transmission coefficients are given 
and a small example is worked to show how total 
heat requirements are estimated. It would have 
been useful, however, if the method of calculating 
the transmittance of compound constructions had 
been explained ; this is very simple and would have 
enabled preliminary estimates to be made of the 
amount of heat required. Usually, plans do not 
reach the heating engineer until the main structural 
factors have been settled, whereas a more satisfac- 
tory installation can often be designed if the thermal 
aspects are considered in the earliest sketch-plan 
stage. Incidentally, the method of calculation 
described includes an approximate estimate based 
upon total cube; this may be misleading when 
applied to buildings of considerable magnitude, in 
which the cube to be heated is usually about three- 
fifths of the architect’s cube. Some diagrams of 
typical central-heating systems are given, but no 
attempt is made to compare their relative advan- 
tages, or to indicate the circumstances in which each 
would be most suitably employed. A diagram (Fig. 
22) is given also of a combined heating and hot- 
water system supplied from a common boiler, but 
the arrangement shown is one to be recom- 
mended : either the radiators would be over-heated 





in mild weather or the temperature of the hot water 
would be unduly low. 

One of the most important factors which the 
architect has to consider is the comparative cost of 
various heating systems. Several pages are devoted 
to this subject, but the figures given appear to relate 
to pre-war conditions; moreover, the comparison 
made is not quite true, as the rentable value of the 
space occupied by the heating plant should be 
brought to account, and this usually goes some way 
to reduce the difference in cost as between solid fuel 
and the refined fuels. Ventilation and air condition- 
ing are dealt with in only six of the 56 pages com- 
prising the book and obviously so short an account 
can touch but lightly upon this very complicated 
subject. There is some confusion between propeller 
and axial-flow fans, the applications of which are 
entirely different. Some notes on the maximum 
resistance in ductwork systems, and the speeds of 
fans in relation to silent operation, would have been 
of interest, and a bibliography would have aided 
those who wish to pursue the subject. There are 
other points which might be criticised but, as 
stated, the book should serve as a useful introduc- 
tion to the non-technical reader. 





Sir William J. Larke Medal Competition: Prizewinning 
Papers. The Institute of Welding, 2, Buckingham 
Palace-gardens, London, 8.W.1. [Price 7s. 6d. to 
members of the Institute, 12s. 6d. to others.} 

Out of 49 papers entered for the Sir William J. 

Larke Medal competition in 1944, the Council of 

the Institute of Welding awarded prizes to the 

five papers which form the contents of this volume. 

The first paper deals with welded-steel structures 

for the London Passenger Transport Board and is 

by the late H. W. Clark, the winner of the Medal. 

The two first all-welded railway bridges in this coun- 

try are described in detail, with fairly complete sets 

of drawings and a graph record of vibrations observed 
on a welded and a riveted bridge of similar span and 
design. The welded bridges are that at Ladbroke- 
grove, Kensington, of 60-ft. span, and the Hainault 
bridge of 40-ft. span, built in 1939; both will have 

a place in the history of structural welding in 

England. An interesting example is given of cutting 

and arc welding used in reconstructing some heavy 

plate girders to vide @ new approach to the 
booking hall of a London railway station. ‘‘ Manipu- 
lators for Arc Welding ”’ are described by R. Drucker, 
who states clearly the case for their introduction, 
and discusses some efficient designs up to 10 tons 
capacity, and how to use them to the best advantage. 

The development of similar machines of 40 tons 

capacity or more is visualised for heavy engineering 

and shipbuilding. ‘‘ Arc Welding Fabrication from 

a Practical Point of View,” by P. Hastie, gives 

useful hints on work assembly, jigs, clamps and 

welding procedure, referring to plate work, ship- 
building and structural work. Literature on 
welding-shop practice is scanty and this contribution 
should ‘be most welcome. J. R. Ferguson discusses 

“Some Aspects of Production where Arc-welded 

Fabricated Steel has been Introduced into Marine 

Engineering,” replacing cast iron. The organisation 

of a progress department, the use of manipulators, 

and large-gauge electrodes are among the subjects 
and three production plans are given in appendices. 

“‘ Copper Welding as Applied to the Repair of Loco- 

motive Fireboxes,” by G. Foster, describes certain 

types of repair work in critical comparison with the 
earlier methods of riveted or studded patches to 
provide steamtight joints. The repair work dealt 
with was carried out on the London Midland and 

Scottish Railway and the description of it forms an 

interesting and valuable contribution. 





GENERATION OF ELEcTRIcITY.—The official returns 
rendered to the Electricity Commissioners show that 
2,762 million kWh of electricity were generated by 
authorised undertakings in Great Britain during June, 
1946, compared with 2,652 million kWh during June, 
1945, an increase of 110 million kWh, or 4-1 per cent. 
During the first six months of 1946 the total energy 
generated was 20,481 million kWh, compared with 
19,245 million kWh during the corresponding period of 
1945, representing an increase of 1,236 million kWh, 
or 6-4 percent. The total quantities sent out during 
June, 1946, and during the first six months of 1946 were 








2,599 million kWh and 19,328 million kWh, respectively. 








COLLOIDAL CARBON.* 
By Mason W. H. Capmany, M.B.E., B.S8c., F.R.L.C. 
(Concluded from page 55.) 


Tue thermal process is an intermittent cyclic process 
by which natural gas is cracked or thermally decom. 
posed in furnaces either packed with chequer firebricks 
or refractory flues. Two aces are required for 
alternate heating and cracking. In the “ heat” cycle 
the bricks or flues in one furnace are heated with a 
mixture of gas and air to the operating temperature of 
from 1,200 deg. to 1,400 deg. C. This is followed by 
the “‘ make” cycle in which the natural gas is treated 
alone, when it is decomposed into carbon black and 
hydrogen. The black, which is carried away in the 
gas stream, is then recovered by means of water 
washers and filters. The hydrogen produced at the 
same time may be used as fuel. Blacks made by this 
process, such as Thermax, are soft. They are not 
pelleted, as they cause no dust trouble while being com- 
pounded with rubber, and a cubic foot usually weighs 
more than 30 lb. There is a thermal! plant in California 
making “‘ Shell Black” on a commercial scale by a 
thermal process using refinery waste gases. The main 
object is to produce hydrogen for ammonia synthesis. 
The black is a by-product; it resembles Thermax. 

The furnace process is a continuous process by which 
natural gas or other h arbons are burnt in a limited 
supply of air in free inside a large horizontal or 
vertical firebrick-lined furnace. The quantity of gas 
and of air admitted into the furnace simultaneously are 
carefully controlled to ensure the incomplete or partial 
combustion only of the hydrocarbon gases. The tem- 
perature inside the furnace can also be controlled so as 
to produce various types of furnace blacks. The soft 
furnace black is separated from the gaseous stream, 
after passing through a watér-cooling tower, by means 
of an electrical precipitator, cyclones or bag filters. 
This black is generally pelleted. As stated above, a 
recent development in the manufacture of furnace black 
is the utilisation of natural gas enriched with heavy oil 
residues, or “tank bottoms.” The high modulus 
furnace-type of black called “ Philblack”’ is made in 
this way. A maximum recovery of 60 per cent. of the 
theoretical is stated to have been reached, as compared 
with 25 per cent. to 50 per cent. by the standard furnace 
process and 3 per cent. to 5 per cent. by the channel 
process, using natural gas alone. 

Acetylene black can be made by four different pro- 
cesses. In the first, the channel process, acetylene 
gas is substituted for natural gas in a standard channel 
plant. This gives a black of very fine particle size and 
intensely black in colour. The low yields, however, 
make the cost of production prohibitive compared with 
the other processes. In the second, or explosion, process, 
acetylene gas is decomposed into carbon and hydrogen 
by an electric s when compressed to more than two 
atmospheres. The s is used to start the decom- 
position locally and this causes all the acetylene in the 
reaction vessel to be dissociated explosively, so that 
certain hazards have to be guarded inst. This 
method of ana acetylene black a used in 
Germany, and is still in operation. ; 

The third is the electric-arc process. This process is 
used primarily for the manufacture of elbtytens from 
methane, but some acetylene black is producéd at the 
same time, as a by-product resulting from small quanti- 
ties of the acetylene being decomposed into carbon and 
hydrogen. This process was used in Germany during 
the war. In the fourth or thermal process (cracking), 
acetylene black is made by the thermal decomposition 
of acetylene gas at temperatures above 800 deg. C. 
The reaction is exothermic, and once started it requires 
no further application of heat externally to maintain 
the reaction. The black formed is collected by cyclones 
and bag filters. Most of the acetylene black is now made 
in Canada at Shawinigan Falls, Quebec, and is known as 
Shawinigan black. In the Canadian plant acetylene 
gas, alone or mixed with other gases, is passed through 
an inlet pipe into a refractory-lined retort which has 
been first heated to the dissociation temperature, of 
about 800 deg. C., by burning some of the acetylene. 
When this temperature has been reached, the 
is allowed to continue to flow into the retort without 
air or mixed with only a small quantity of air, and the 
decomposition continues without any further applica- 
tion of heat. The separated black settles down on the 
bottom of the retort as flocculent flakes. The black is 
usually compressed for shipment. 

Acet black is a mig wipes. J pigment and 
resembles impingement blacks, like rubber-grade chan- 
nel black, in giving to rubber good abrasion and tear 
resistance. Its heat build-up is low. It has very good 
electrical and heat conductivity. Electron micro- 
photographs show 2 weap por network or chain forma- 
tion. Acetylene k is valuable in place of graphite 
in dry batteries, and this is due to this electrically con- 





* Paper read before the Royal Society of Arte, London, 
on May 29, 1946, Abridged. 
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ductive network or bridging chain-like structure which 
enables all the particles of manganese dioxide in the 
mixture to be electrically connected with the carbon 
electrode. Another reason is that the material has 
good absorption for liquids, and can retain sufficient 
of the liquid electrolyte to give the battery a long 
service life. In the X-ray diffraction patterns crystal- 
lites can be seen. 

Acetylene black is also used in both crude and 
synthetic rubber. It is particularly useful in the pro- 
duction of racing tyres from natural rubber, because of 
its low heat build-up and good heat conductivity. 
Another use is as a filler in cartridges for liquid-oxygen 
explosives. Its good electrical conductivity makes it 
useful where dissipation of static electricity is required. 

Lampblack, or smoke carbon, has been known for 
many centuries and became a pigment for ink in the 
Third Century a.p. In the ancient method of making 
lampblack, use was made of certain fundamental princi- 
ples which still apply to the most modern plants. These 
principles are a restricted air supply to ensure incom- 
plete combustion ; the burning of the raw material in 
a free flame without impingement ; and collecting the 
colloidal carbon or soot from the smoke away from 
the flame. Lampblack was first made in Europe and 
America by burning resins or fats in a closed room 
until the flames were extinguished by the smoke pro- 
duced through lack of oxygen. By this method, both 
the yield and the quality of the lampblack were poor. 
The invention of printing and the demand for black 
paints brought about better methods of manufacturing 
lampblacks. One of the first improvements was to 
have a separate settling chamber for the deposition of 
the lampblack. This was connected by a flue to the 
burning pot or furnace. 

Ip a modern lampblack plant the burning pots are 
housed in brick or stone buildings. Each of these is 
covered with a conical hood from which the smoke is 
conducted away through large-diameter flues to a 
number of depositing chambers, fitted with baffle walls 
to cause the smoke to take a zigzag path until it finally 
enters the chimney. These baffles facilitate the deposi- 
tion of the black in the various chambers. The deposit 
in the last of the chambers nearest the chimney and 
farthest from the furmace, is the finest in particle size 
and, therefore, the best quality lampblack. 

In the United Kingdom, lampblacks are produced 
chiefly from creosote oils. In Germany, naphthalene 
and anthracene oils are the raw materials in general 
use. The method of making lampblack from tar oils, 
particularly creosote oils in the United Kingdom or 
petroleum oils in the United States, has many advan- 
tages over the use of solids. The liquid drops into hot 
furnace pans or on to plates and is under exact control, 
as is also the quantity of air admitted for its partial com- 
bustion. In a modern plant, the smoke is removed 
from the flames as fast as it is produced. This pre- 
vents any loss of colour of the blacks from over-heating. 
The black is also removed from the depositing chambers 
continuously and cooled outside the chambers. The ash 
content of lampblack is negligible. 

The two main groups into which lampblacks are 
divided are (1) heavy, which has many uses in the 
rubber industry and in arc-lamp electrodes, and (2) 
light, used in paint and ink pigments. The distinction 
between these two types of lampblack depends on the 
“loose density”’ which is measured by determining 
the number of grammes of black which can be “* poured” 
into a fixed volume of one litre. The loose density of 
heavy lampblack is from three.to four times that of 
light lampblack. Fach of these two main groups is 
subdivided into a number of different grades. In the 
early days it was common practice to submit lamp- 
blacks to a subsequent heating in order to remove the 
tarry matter contained in it when made. 

As a reinforcing agent for rubber, lampblack is 
inferior to both carbon black and acetylene black, but 
it is superior to carbon black in some other respects. 
The principal uses of lampblacks are for compounding 
with rubber. The product is highly resilient and low 
in heat build-up. For this reason, lampblack is of con- 
siderable value in the manufacture of solid tyres, as 
the treads need to be highly resilient as well as hard 
and tough. During the war a considerable quantity 
of lampblack was made use of in the manufacture of 
solid tyres for tractors. The principal other uses of 
heavy lampblack are in tyre carcasses, synthetic inner 
tubes, footwear, insula wire, and in mechanical 
goods, 

Lampblack is also used for printing and other inks ; 
it was the only black pigment to be used until 1864, 
but it has been largely displaced by other blacks.. The 
material is also used for lacquer and paint pigment. 
It is superior to carbon black for some purposes requir- 
ing grey tints, because of its bluish-grey undertones. 
Other uses are for arc-lamp carbons, carbon electrodes, 
cinema projection and studio work (it is usually mixed 
with pulverised coke and other ingredients for arc-lamp 
and searchlight carbons), therapeutic work, hospital 
treatment and arcs for process work, blueprinting, etc. 
In the United States, five companies in the lamp- 


black industry produce about 20,000,000 Ib. of 
tubber-grade lampblack. The yield is from 4 lb. to 
5 lb. of rubber-grade of black per gallon of oil burnt. 
In the United Kingdom the maximum production is 
about 5,000 tons per annum, and the number of plants 
three. 

The usual chemical tests for colloidal carbon include 
determinations of moisture, grit, ash and volatile 
matter, acetone extract, oil and iodine adsorption, 
colour, pH value, and tinting strength. Freedom 
from grit is all important, whether a black is to be used 
as a pigment or in rubber. The rubber manufacturer 
evaluates a black by its actual behaviour in rubber 
compounding, followed up by practical tests. In the 
case of tyres, these include strenuous road tests. The 
usual laboratory tests in the case of rubber include 
resistance to abrasion, ageing, electrical resistante, 
resistance to flexing, Shore Scleroscope hardness, heat 
build-up, resiliency, and tear resistance. In the case 
of inks, paints, varnishes and enamels, the tests for 
a black include colour, strength, tinting power, adsorp- 
tion characteristics, consistency, dispersion, flow, 
spreading power, absence of grit, and grinding quality. 

Although colloidal carbon has been in commercial 
use for nearly 75 years, it was not until 1941 that the 
first tentative specification was drawn up by the 
American Society for Testing Materials. This was 
followed shortly afterwards by the A.S.T.M standard 
specifications and methods of testing carbon black. 
Before then, each user of colloidal carbon had his own 
arbitrary specification and method of testing. These 
tests, by themselves, are not good guides to the quality 
of any particular grade of black. They do, however, 
ensure that the plant operation is normal. The final 
test of any black, whether it is to be used as a pigment 
or for the reinforcement of rubber, is a practical tert 
of its actual performance. 

Some of the special and novel applications of colloidal 
carbon will now be described. The use of colloidal 
carbon mixed with concrete, for cplouring highways 
grey, and so deadening the glare of the sun’s rays on the 
road, is becoming increasingly popular. It is used for 
this purpose on the United States highways and on 
the German Autobahnen. This makes driving more 
comfortable and reduces the risk of accidents. It has 
been found that colloidal carbon is’a valuable aid in 
grinding cement. The addition of small percentages 
to the clinker increases the fineness of the cement. 

Ever since the invention of photography, colloidal 
carbon has been incorporated in the black wrappings 
used for screening out light from sensitive photographic 
supplies such as plates and printing paper. Colloidal 
carbon has also been utilised in Alaska to hasten 
the melting of ice, and so enable water traffic to be 
opened up more quickly. For this purpose it is mixed 
with a cheap petroleum oil and the mixture is then 
spread thinly on the frozen inland waterways. This 
makes the black surface a good absorber of the heat of 
the sun’s rays, and brings about a quicker thawing of 
the ice. 

The electrical resistance of both natural and synthetic 
rubber can be substantially reduced by the incorpora- 
tion of finely divided reinforcing types of colloidal 
carbon. Such rubber is called “‘ electrically conductive 
rubber.” The Dunlop Rubber Company was making 
conductive aeroplane tyres in 1934 using acetylene 
(Shawinigan) black. Lampblack also forms rubber 
compounds of exceptional conductivity. Conductive 
rubber is made use of mainly to dissipate static charges 
of electricity in places where explosives, inflammable 
dust or vapours are present. By making tlie tread and 
sidewalls of tyres of conductive rubber, static charges 
on aircraft are effectively earthed, and in the case of 
motor cars and other vehicles also, any building up of 
high static charges by friction is eliminated. Other 
uses for conductive rubber include conveyor belts on 
machines handling papers which otherwise tend to 
adhere to non-conducting belts, and the backing of 
carpets with conductive rubber and the-provision of 
a few conductive fibres in the pile of the carpet to 
prevent the generation of static charges when walking 
on them. By making the rubber tubes, sheets and 
flooring and all other rubber articles used in hospital 
operating theatres of a conductive colloidal carbon 
compound, the risk of danger from fire or explosion 
of angsthetic vapours, due to static charges, is 
completely overcome. Conductive rubber has been 
successfully applied to suppress electromagnetic radia- 
tion which causes interference in wireless sets. 

The question may be asked whether the intro- 
duction of conductive rubber, with a conductivity 
many times greater than that of water, does not involve 
considerable danger from electric shock, because rubber 
and articles made of rubber, such as gloves, the handles 
of pliers, etc., have always been looked upon as bad 
conductors of electricity and therefore safe. The 
possibility of this danger has not been overlooked and 
the Government has recommended that all articles 
made of conductive rubber shall be clearly marked. 

The future of the colloidal-carbon industry is neces- 








sarily speculative. The industry will remain, as in 





the past, closely related to the rubber industry, and 
especially motor-car tyre manutacture. Although 
natural rubber will soon be available again, signs are 
not wanting that the synthetic.rubber industry will 
continue on a large scale without any Government 
protection or subsidy, and at a cost per pound which 
may be competitive with natural rubber. It is anti- 
cipated that there will be an increasing demand for 
colloidal carbon. 5, 

If more natural gas is released in the United States 
for carbon-black manufacture, to meet increased 
demands, an immediate outcry against this potential 
threat to America’s proved gas reserves is to be 
expected. It is not unlikely that the world’s future 
demands for carbon black will only be met by the 
starting up of carbon-black production on a large scale 
in countries outside the United States where cheap 
supplies of natural gas are available. America seems 
likely to lose her pre-war monopoly of the world’s 
carbon black supplies. More carbon black may be 
made in the future than hitherto from raw materials 
other than natural gas, such as acetylene, the coal-tar 
oils, pitch and other coal derivatives, or petroleum 
residues. So far as this country is concerned, most, if 
not all, of the soft carbon blacks required by the rubber 
industry could be made in the United Kingdom from 
coal products, but it is doubtful whether such processes 
could be established without some form of protection, 
such as a tariff on imports. 

As regards the types and grades of colloidal carbons 
likely to be required most in the future, these will 
obviously depend on the relative quantities of natural 
and synthetic rubber used. The increased use of 
natural rubber will require a corresponding increase 
in the amount of channel and other impingement 
process blacks. If, at the same time, there is a 
decreased consumption of synthetic rubber, then less 
of the semi-reinforcing furnace black will be required 
in favour of an increased production of the fully 
reinforcing type. 

A striking feature of the enormous war-time develop- 
ment of furnace-process plants has been the production 
of furnace blacks suitable for many purpeses and at 
competitive prices. The higher yields and lower pro- 
duction costs have already led to their substitution 
for channel blacks for certain purposes for which 
products of these two processes have been found to be 
more or less interchangeable. The tendency is for 
further encroachment of the furnace-process blacks 
into the domain previously confined to channel-process 
blacks. 

As regards the large number of non-rubber grades 
of colloidal carbon at present being manufactured 
and used in comparatively small quantity for inks, 
paints, colouring and reinforcing plastics and various 
miscellaneous purposes, it can be predicted safely that 
many new uses will be found. There is a very close 
co-operation between the manufacturers and the users 
of colloidal carbon. Both parties are striving to 
substitute processes based upon fundamental scientific 
principles for the empirical methods of the past. 
Both employ a highly-trained technica] staff to concen- 
trate on research and development with the object 
of improving methods of production, developing better 
grades of colloidal carbons for specific purposes, and 
finding new uses for this valuable material. 

The successful first experimental bulk shipment of 
carbon black, in pellet form, from a port in Texas to 
Boston indicates that the bulk transport of this material 
in tank cars and in the holds of ships, in place of the 
customary packages, may become common practice 
in the future when it has been developed further to 
reduce costs and speed up the loading and unloading 
operations. The shipment of colloidal carbon mixed 
and dispersed in the rubber latex at the plantations also 
presents great possibilities and would be welcomed by 
the rubber manufacturers. It would eliminate com- 
pletely the dust nuisance in their factories. 

Even in the more or less distant future, when the 
world’s supplies of natural gas are exhausted, there 
need be no shortage of colloidal carbon. Acetylene 
can be made economically, in Canada and elsewhere, 
from coal and limestone provided a cheap source of 
electric power is available to convert these two raw 
materials into calcium carbide. 





THe LATE Mr. NORMAN HuL.—We note with regret 
the death of Mr. Norman Hill, which occurred at Sonning- 
on-Thames on July 17. Mr. Hill, who was 74 years of 
age, was a director of the Renold and Coventry Chain 
Company, Limited, Manchester. In 1896 he was 
associated with his brother, the late Mr. Alec Hill, in 
establishing the business which, in 1902, became known 
as the Coventry Chain Company, Limited. Of this 
firm he was at one time joint managing director. In 
1930, the Coventry Chain Company, Limited, was 


merged with Hans Renold, Limited, of Manchester, 
under the title of the Renold and Coventry Chain 
Company, Limited, and of this company he remained 
a director until his death. 
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THE TREATMENT OF STEEL STRIP 
BEFORE FABRICATION.* 


By Dr. W. F. Coxow, M.Se., F.R.LC 


THERE is to-day a serious shortage of steel strip 
and a limited capacity for finishing articles which have 
been formed to shape. Although many plating plants 
are laid down to cope with comparatively small quan- 
tities of ready-formed articles, the war has not had 
the effect of stimulating the development of pre-treated 
steel strip in this country to the same extent as it has 
on the Continent and. in America. In Germany, the 
acute shortage of tin made it essential that food cans 
made from lacquered black-plate strip, or from deoxi- 
dised steel strip, phosphated and lacquered, should be 
developed, and this was undertaken at the beginning 
of the war. It is reported that, in 1944, the Germans had 
made over 600,000,000 cans for packing non-acid 
vegetables, meat, fish, and milk products. Valuable 
lessons on the technique of making the treated strip, 
and of its fabrication, have been learned from the 
three principal can makers in Germany—namely, 
Schmalbach, Ziichner, and Gunther Wagner—while 
considerable advances in the development of film- 
forming protective coating resins took place at the I.G. 
Farbenindustrie, Réhm and Haase, and Albert Chem- 
ische Werke. This information has been thoroughly 
investigated and forms the subject of a most interesting 
survey of the German can industry which has been 
published by the Combined Intelligence Objectives 
Sub-Committee, on behalf of Great Britain and America. 

There are certain advantages to be derived from the 
use of pre-treated strip which make further development 
and use of the material in this country desirable. In 
the first place, sheets or strip are flat, and can be evenly 
coated with a given thickness of metal with the mini- 
mum amount of handling. For small articles made 
from plated strip, there is an immediate saving in the 
ultimate handling operations. Since the pre-plated 
strip is flat it is easier to polish, and lends itself to an 
automatic or semi-automatic polishing machine more 
readily than does the final article. When plating is 
undertaken after the article has been formed into shape, 
there is always the possibility that, owing to the limited 
throwing power of the plating solution, a uniform 
thickness of metal is not deposited, so that the deeply 
recessed parts of the article receive a correspondingly 
thinner coating of metal. Added to this is the necessity 
of polishing after plating, which can be exceedingly 
difficult on an awkwardly shaped article, and may 
result in the removal of the plating from these thinner 
deposited areas. 

The disadvantages are that, where the article is 
stamped out of a plated sheet or strip, the edges are 
left bare and are liable to rust. This is overcome by 
fabricating in such a way that these edges are rolled 
in to give a smooth rim, and it is again from the German 
can-making industry that lessons in the art of fabrica- 
tion, to overcome this difficulty, can be learned. 
Furthermore, there is the possibility that, where deep 
drawing is undertaken, there is a tendency for the 
coating to be stripped from the basis metal or to become 

or porous. To obviate this is the problem 
which confronts the manufacturer of the treated strip. 
By careful attention to the metal, rigorous and efficient 
pre-cleaning, and a carefully controlled plating bath, 
it is possible to produce strip which can be subjected 
to the most drastic deformations ; failures of the coating 
during fabrication can invariably be tracked down to 
inadequate attention during the coating process. What 
is more, a special-purpose plating plant for strip can 
be laid down, and, having once established the opera- 
tional details, little difficulty should be encountered in 
producing a uniform product. 

With stainless-steel strip, the polishing problem is 
very difficult. In America, sulphuric acid-citric acid 
electro-polishing solutions are widely used for stainless 
steel. The high production of civilian goods during the 
war in that country has given ample opportunity for 
the development of these newer decorative finishes. 
In Britain, because of the total war effort, decorative 
finishing has had a setback for nearly six years, but 
America has proved that electro-polishing is a practical 

roposition and their refrigerators, toasters, and 4 
host of other domestic utensils, plated in nickel or made 
from stainless steel, have been finished by electro- 

lishing. Some months ago the author visited several 
Sono dabemiehed len staal Mectebiads, ‘altle e: View 40 Ceo 
development of electro-polishing. Only one of these 
firms is actively developing the process, and present 
investigations are concerned with its use for aluminium 
products and stainless-steel sections The results in 
the laboratory and in the large-scale experimental 
tanks have been sufficiently satisfactory to warrant the 
erection of semi-automatic production lines. T 
ordinary polishing operations prior to electro-plating, 
in particular for aluminium, are such that the number 





* Paper read at the annual general meeting of the 
Sheet and Strip Metal Users’ Technical Association in 
London, on July 5, 1946. Abridged. 





of people who are prepared to undertake it is severely 
limited. It is the duty of research workers and tech- 
nicians to examine these dirty jobs and to endeavour to 
clean them up, particularly if cheap production for 
export is to be realised. Electro-polishing is a clean, 
scientific, and readily available means of solving this 
problem and its application to continuous carbon steel 
or to brass and copper strip as a pre-plating treatment, 
or to stainless steel as a finishing treatment, should be 
fully exploited in the next year or so. 

In plating strip steel or other metals, the material can 
be fed continuously through a special plating plant 
and is fairly easy to deal with. The width and thickness 
of the strip and the operations to which it is to be 
subjected have to be considered ; for example, narrow 
strip can be passed over rollers into the plating tank 
and plated in the horizontal position. Wider strip, 
however, which is not readily bent, must be passed 
on edge through the whole plant. Although this 
introduces certain difficulties regarding leakage, it 
allows both sides of the strip to be dealt with equaily, 
so that the trapping of air or gas bubbles underneath 
is avoided. If the strip be fed through the side of the 
tank, rubber rollers at either end can serve as the 
medium of transmission, and the solution which flows 
through the rollers with the strip is collected and returned 
to the plating tank (through a filtering arrangement) 
by suitable pumps. Swilling operations may be carried 
out by jets of water, so that the normal swilling tank 
arrangement may be di with. If anodic 
cleaning is amp | prior to plating, it is best done 
by a separate rectifier or generator, arranged so that 
the strip is at earth potential. The whole plant should 
be laid out so that it is continuous in operation and 
the necessary reeling device should be provided, together 
with an arrangement for welding the strips together. 

The use of electro-tinning in the production of tinplate 
has been worked out with more certainty than other 
processes, but the mat deposits from acid solutions, 
although they can be bent and stamped quite satis- 
factorily, need polishing before they can be considered 
as a commercial proposition. This is done by a 
mechanical treatment such as rolling or mopping, or 
by heating to cause the tin to flow slightly. The 
advantage of electro-depositing tin, particularly during 
the war, has been in the saving of the metal tin. The 
American Weirton steel tinplating tank, only a foot 
deep, and plating at speeds up to 1,000 ft: to 1,200 ft. 
per minute, together with the Carnegie Illinois Steel 
Corporation’s plant with its opposed tension drive 
bridles, offer points for consideration, particularly as 
similar units can be used for zinc-plating strip to the 
thickness of 0-0001 in. Recent results published by 
the Tin Research Institute show the benefits of thin 
tin coatings as a foundation for paint. In a similar 
way, it is possible to bright nickel-plate strip in con- 
tinuous lengths so that the coating will stand up to 
deformaticn. 

It is worth while to consider the production of 
lacquered-steel strip as used in the manufacture of 
food cans, with particular reference to German proce- 
dure. In this case, rooms are provided from which 
the steel strip is fed through slits in a wall leading 
to the lacquering room, and the end of one coil is 
welded to the beginning of the next. The strip steel 
enters the lacquering room, which is provided with 
dust-free air under high pressure. It then enters the 
lacquering and baking unit, which consists of a pair 
of two-side roller coating machines, capable of lac- 
quering three narrow widths of steel strip with a 
two-gramme per square metre film of a high-baking 
phenolic lacquer. They are given a five-minute flash 
bake at 180 deg. C. in an oven which is 20 m. long, 
and, after a very short forced cooling, the six narrow 
widths of steel are given a second two-gramme per square 
metre coat of the same phenolic lacquer by another 
pair of two-side roller coating machines; they they 
are baked at 220 deg. C. for about 12 minutes. 

The speed of lacquering is about 5 m. per minute, 
and two coils, 400 mm. wide, can be lacquered on one 
unit, as well as six coils 130 mm. wide. If necessary, 
the coating rollers can be cut away to leave a. margin 
of any width on the side of the strip, both to facilitate 
handling and to enable this portion of the strip to be 
subsequently tin-plated so that it can be readily 
fabricated by soldering. When lacquered strips come 
out of the oven, they are cooled by a blast of air at 
room temperature and are also run over highly polished 
chromium-plated cooling drums before being coiled up 
by the recoiling units. Inspection of the strip before 
recoiling is carried out on one side directly and on the 
other by reflection in a mirror. 

The temperature inside the heating chambers of the 
short flash-baking oven is about 300 deg. to 350 deg. C. 


he | The strip comes up instantly to a temperature of 


180 deg. C. and the final baking is at 400 deg. to 500 
deg. C., giving a sheet temperature of 210 deg. to 
220 deg. C. Natural-draught stacks allow the solvent 
vapours to escape from the oven and are arranged at 
intervals of 4 m. to 5 m. along the entire length of 
both ovens. Investigations have shown that lacquered 





plate baked at a sheet temperature of 350 deg. ©. for 
three to four minutes is as good as that baked for 
12 minutes at 220 deg. C., and the tendency is to take 
advantage of the possibilities of electric induction 
heating, gas, or infra-red ovens for production purposes, 

Although there has always been an objection to 
phenolic resins as a coating material for food cang 
because of the slight taste which is imparted to the 
food, the Germans considered that, as this could only 
be detected by experts and as there had been no 
objection by any great number of consumers, the 
procedure was satisfactory. They consider that the 
use of a high-boiling solvent such as ethylene glycol in 
these high-baking phenolic lacquers assures a con- 
tinuous film of lacquer without that degree of porosity 
which would be obtained by the use of solvents having 
a greater rate of evaporation and a lower boiling-point. 
The one general procedure includes the application of 
two separate thin sheets of phenolic lacquer to each 
side of the plate, although this is much greater in cost 
because of the baking time in between the applications, 
A typical application for the base coat in can manu- 
facture consisted of 48 parts by weight of Phenodur HW 
—an alcohol-soluble phenol formaldehyde’ resin; 
1-1 parts by weight of Luphen W resin—a plasticiser 
which is an oil-modified phenol formaldehyde resin, 
and 50-9 parts by weight of ethylene glycol. Four 
grammes per square metre (dry film weight) of this 
material is applied to both sides of freshly pickled or 
deoxidised stee] sheet or strip and baked at 180 deg. 
to 200 deg. C. for 12 minutes. 

In a German patent specification (No. 126,774), 
Schmalbach describes the multiple protective layers of 
lacquer film obtained by applying a non-arsenical 
lacquer to the blackplate, baking at 180 deg. C., and 
then applying an aqueous emulsion of polymerised 
ester containing vinyl or substituted vinyl groups with 
a pigment such as iron oxide, which dries at approxi- 
mately 180 deg. C. They also claim the application of 
non-polyvinyl chloride lacquer as a covering layer 
which is subsequently baked at 190 deg. C. Another 
German patent (No. 673,888) describes a process by 
which strips having a width of 320 mm. were lacquered 
on both sides so that a strip of 9 mm. to 11 mm. was 
left free from lacquer, and, after stoving, the tin was 
deposited on the strips so that they could be ultimately 
made up into cans by the normal methods An obvious 
disadvantage, however, was the difficulty of soldering 
electrolytic tinplate 

The plating and paint suppliers would do well to 
investigate the possibilities of installing the special 
plant and equipment which would be necessary to 
provide pre-treated steeljstrip. Electro-polishing metals, 
there seems no doubt, is a field well worthy of con- 
sideration, because any method whereby the labour 
costs involved in the stages between the raw material 
and the final production can be cut down will help 
this country in competition for the world’s markets. 
Since, obviously, it is undesirable to transport unpro- 
tected steel, it would perhaps be advisable for at least 
some part of the protection, if not all, to be imparted 
at the mills delivering the strip. British industrialists 
can claim that they are pioneers on most new pro- 
cesses, and that they have a flair for improvisation and 
meeting current problems of both development and 
production. This is a most important post-war trading 
asset, and one field in which it could be applied with 
very good effect would be in the pre-treatment of steel 
strip so that the fabricator would be freed from the 
responsibility of finishing a variety of products, often 
of different and complicated shapes, in circumstances 
which may sometimes be uneconomic in terms of 
labour, and, therefore, of final price. 





MARINE MINE AND DEGAUSSING EXHIBITION.—An 
exhibition of British and German naval mining and de- 
gaussing material, used during the war of 1939-45, is to 
be held at the Science Museum, South Kensington, 
London, S.W.7, for three months commencing on August 
1. The exhibits will include the first German magnetic 
thine which was recovered intact and used in the pre- 
paration of effective counter measures. On the British 
side, regulations prevent the exhibition of material which 
is still on the secret list ; moreover, the varieties of mines 
and activation systems employed are so numerous that 
it is impossible to accommodate them all in the space 
available. The total number of British mines laid during 
the war was apparently 263,000, of which 77 per cent. 
were buoyant and the remainder ground mines. It is 
now confirmed that 1,588 enemy ships were sunk or 
seriously damaged by British mines. By D-day, 1944, 
the British degaussing organisation was responsible for 
minimising the danger from magnetic mines in respect 
of some 18,000 degaussed vessels. The maintenance of 
these ships in a satisfactory condition involved magnetic 
measurements on some 500 ships. a day, the analysis of 
the instrument records and the promulgation of the 
results throughout the degaussing organisation so that 
ships could receive all necessary treatment at any con- 
venient port. 
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TELEPHONE DEVELOPMENTS AT 
FARADAY BUILDING, LONDON. 


THE position of London as a capital city and a 
centre of trade and industry has had the naturaf conse- 
quence that it has become the focal centre for more 
than one system of intercommunication. Among these 
systems not the least important at the present time, 
both for internal and external purposes, is the telephone; 
and, though during the war public facilities in this field 
have had to be greatly restricted, it is to be hoped that 
not only will the leeway soon be made up, but that 
within a short period considerable further developments 
will become possible. This being so, it is opportune 
to call attention to the tom narra ati ui t 
for this — which is contained in F y Building, 
Queen Victoria-street, London, E.C.4, and describe 
the steps which have been taken recently to improve 
the services centred there. 

The nucleus of what is now Faraday Building 
was built in 1890 and was first occu wes gree ee 
Office Savings Bank. In 1902, the Cen telephone 
exchange was opened on the fourth floor of this seven- 
storey building, and was followed by the long-distance 
exchange two years later. The origi ilding, which 
is known as the north block, is still in use, but has been 
overshadowed by the new building, which was opened 
in 1933, and is now known as the south block. This 
consists of eleven storeys, and is linked to the old 
building by bridges and subways. More recently a 
south-east block of seven storeys has been built, 
while the list is completed by the north-east block, 
which is a bomb-proof windowless building of four 
storeys. This was erected during the war and contains 
switchboards and plant, which could be brought into 
use in case of emergency and thus ensure the main- 
tenance of at least the more important services nor- 
mally dealt with in the building. These services include 
the London Trunk exchange, which is housed in four 
switchrooms; the Overseas exchange, which main- 
tains communication with non-Euro countries 
through various radio links ; the Continental exchange, 
which deals with European traffic ; the Tol exchange, 
which is concerned with incoming and outgoing calls 
for a wide area round London ; and, finally, the local 
automatic City and Central exchanges. A staff of 
more than 4,000 is employed, of whom over half are 
female operators, and nearly 600 are engineers 
on maintenance and supervisory work connected with 
the equipment. Over 2,000,000 calls are dealt with a 
week, of which about 1,200,000 pass through the toll 
exchanges and nearly 900,000 are inland trunk com- 
munications. 

An inspection of the appargtus installed and of the 
methods adopted for dealing with the calls enables the 
steps that are being taken to introduce a greater 
degree of mechanisation into the long-distance tele- 
phone service to be appreciated. This mechanisation 
has been brought about by warious causes. The 
increasing use of automatic exchanges for dealing with 
local calls has rendered it desirable that similar working 
should be introduced, as far as possible, into the longer 
distance services. Moreover, by eliminating inter- 
mediate operators to a great extent in setting up trunk 
calls, time is saved thus leading to reduction of the 
delays in establishing communication and also increas- 
ing the pay load of the system. The improvement in the 
quality of the conversation which has been made 
possible by the introduction of new apparatus has also 
played a part in bringing about progress in the same 
direction. As an example of the changes made 
recently in the methods of handling traffic it may 
be mentioned that the outgoing trunk calls from 
subscribers on certain local automatic exchanges are 
now handled at those exchanges. The procedure is 
that these calls are passed to a se switch room in 
Faraday Building where the operators are given 
access to the long-distance circuits. There is a similar 
separate switchboard for handling calls from London's 
manual exchanges, and a third where calls from the 
provinces to London and beyond are dealt with. If 
a trunk call cannot be established immediately it is 

to one of 76 “delay” positions, where it is 
dealt with in strict order by a special operator. In 
the same way, the operators concerned with ordinary 
traffic are relieved of the duty of dealing with “ per- 
sonal” calls and calls booked to be made at a certain 
time. Similarly, toll traffic has been speeded up by 
the erection during the war of a new automatic ex- 
change. This deals with most of the medium distance 
calls in the toll area, even though a considerable portion 
of this traffic is still operated manually. 

The re-opening of the telephone system with the 
majority of European countries has brought renewed 
activity to the Continental switchroom, which, of 
course, was largely shut down during the greater part 
of the war. In addition to the public services, circuits 
are now available for maintaining communication 
between Government offices in this country and the 
Control Commissions and occupying troops on the 
Continent. 





RESTORATION OF THE DUTCH 
RAILWAY SYSTEM. 


In September, 1944, at which time the Germans were, 
of course, in occupation of Holland, the Netherlands 
Railways were operating 1,974 miles of track. By 
May, 1945, 1,221 miles, or 62 per cent., of these had been 
destroyed or torn up by the retreating enemy, so that 
the system and the industry of the country were practi- 
cally paralysed. At the earliest possible moment, 
however, the work of restoration was energetically 
undertaken ; and some figures issued by the Secretariat 
of the N.V. Nedeflandsche Spoorwegen' at Utrecht 
show the success that has been attained, in spite 
of great obstacles, the principal of which was shortage 
of materials. It is, in fact, ing to be able to 
record that 1,800 miles, or 91 cent., of the total 
mileage, are now back in use. has been 
made also with the restoration of the electrically- 
operated lines, of which there were 354 miles in service 
in September, 1944. About 315 miles, or 92 per cent., 
were destroyed or rendered useless, but at the present 
time 115 miles are back in service The extent of the 
destruction may be further illustrated by saying that 
16 out of the 21 bridges over the great rivers were 
destroyed. Thanks to great efforts, and the help 
given by the Allies, twelve of these are again open to 
traffic. In all, 220 railway bridges were blown up or 
damaged, of which 191 are now in use. The effect of 
all this on traffic is shown by the fact that while in 
September, 1944, 38,562 miles were run by r 
trains and 24,375 miles by freight trains, in May, 1945, 
only 1,183 miles and 1,313 miles, respectively, were 
run. At the present time the figures are 29,493 miles 
for passenger trains and 20,625 miles for freight trains, 
or 69 per cent. and 85 per cent., respectively, of the 
former totals. 

Considerable damage was also done to rolling stock 
of various types. Here again, however, some progress 
has been made towards their restoration. While 
156,000, or 96 per cent., of the 163,000 seats in passenger 
vehicles were a total loss in May, 1945, owing to the 
damage and removal of the carriages by the Germans, 
it has been only possible up to the present time to 
provide 45,560 seats, or 28 per cent. of the original total. 
In particular, 137 modern streamlined electric cars were 
removed or destroyed, as well as 57 Diesel-electric and 
25 Diesel cars. Of the non-streamlined electrified 
rolling stock, 294 cars, or 98 per cent., were also ren- 
dered unfit for service or stolen. At present 31 stream- 
lined electric, 14 Diesel-electric and ten Diesel cars are 
back in service, as well as 138 non-streamlined electric 
cars. That more progress has not been made is due to 
the plundering wrecking of the workshops, as well 
as to the shortage of materials, already mentioned. 

That the Germans attached great importance to 
steam- locomotives is shown by the fact that they 
removed or destroyed 722, or 84 per cent., of the total 
belonging to the Netherlands Railways. Some 400 
of these were su tly discovered in Germany, and 
have been brought though the principal value of 
many of them will be to provide material for the 
reconstruction of the remainder. At present, 326 loco- 
motives are running, which is 37 per cent. of those in 
use in 1944. This, however, includes 15 new Swedish 
and 19 used, but serviceable, Swiss engines. In addi- 
tion, 294 engines have been hired from the United 
Kingdom, many of which, however, are not in good 
repair. Supplies are therefore still below requirements, 
and, in spite of the fact that private firms are engaging 
in repair work, it has not been found possible to rebuild 
the engines and to carry out the necessary 
maintenance at the same time. The position is further 
complicated by the necessity for working many of the 
electrified lines by steam. 

These conditions, it may be hoped, are only tem- 
porary, and further improvements in the position 
may be expected. In particular, a scheme for the 
immediate conversion of all main lines to electric 
traction has been prepared and this, it is hoped, will 
enable the speed of passenger trains, which is at present 
limited to 40 m.p.h. to be increased. 





BRITISH TRADE MISSION TO BELGIUM—At the invita- 
tion of the Belgian industrialists, a delegation of the 
Federation of British Industries has visited Brussels 
to continue discussions commenced in January, when 
Belgian delegates came to this country for trade talks. 
Lt.-Col. Lerd Dudley Gordon, past-president of the 
Federation of British Industries, was the leader of the 
delegation, 





ELECTRICAL GENERATING Costs.—In a written answer 
in the House of Commons, on Wednesday, July 10, the 
Parliamentary Secretary to the Ministry of Fuel and 
Power (Mr. H. T. N. Gaitskell) said that the average total 
cost of electricity (including capital charges) per kilowatt- 
hour sent out from generating stations had risen from 
0-3379d. in 1939 to 0-5339d. in 1945. The fuel cost 
was 0-1520d. per kilowatt-hour in 1939 and 0-3307d. 
in 1945. 


METROVICK MARINE RADAR SET. 


We give below some further particulars of the 
marine radar set designed by Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17, for use on merchant ships. As men- 
tioned on 514, ante, this set, one of which is 
installed at the Marine Radio School, Woolwich, is 
based on the specification (Document 35) issued by 
the Ministry of War Transport last . It is claimed 
that it provides for all the practical needs of merchant 
ship navigation, and that in its design account has 
been taken of the space and other limitations likely 
to be met with on shipboard. Care has also been 
exercised to secure a combination of high-grade per- 
formanee, reliability and simplicity of operation and 
maintenance. The purpose of the set is to provide 
pay my ye in the vicinity of coast-lines 
and islands and to provide warning of the proximit 
of other surface et 5 and obstructions, as ral as Of 
—_ and navigation marks. 

The equipment consists essentially of a console, 
which is illustrated in Fig. 1, a transmitter unit and 
an aerial unit or scanner. The console, which occupies 
about two square feet of floor space and is 6 ft. 7 in. 
high, contains the receiver, plan position indicator 
(P.P.L), time-base and strobe unit, control panel, 
power unit and modulator. It thus forms the centre 
from which the set is controlled and where the radar 
information is presented. _ It is shown set up in the 
School, in Fig. 2, in combination with the radio tele- 
phone on the left and the radar warning unit and 
radar transmitter on the right. Normally, however, it 
would be mounted in the wheelhouse in an easily- 
accessible position, with the P.P.I. screen facing aft, and 
would be under the control of the officer of the watch or 
the navigating officer. The console is designed in the 
form of a rack which contains six cradles mounted on 
runners. Each cradle contains one or more chassis 
which form a unit having particular electrical functions. 
Each unit can be drawn out individually for servicing 
without disconnecting any leads, and is held in the 
“in” position by a locking mechanism. This mech- 
anism is released by a trigger on the front panél, 
and electrical interlocks are provided to interrupt 
the main power supplies when any unit is drawn 
out. To restore these supplies, two push-buttons must 
be operated simultaneously. A chassis can be removed 
from the rack after the cable plug and socket have been 
disconnected and a few thumb screws loosened. 

The transmitter unit comprises the transmitter 
proper, signal mixer, head amplifier and mixer, and 
the intermediate-frequency amplifier and discriminator 
circuit for automatic frequency control. It can be 
seen on the extreme right of Fig. 2 and is contained in 
a weatherproof case, since, for electrical reasons, the 
best position for it is close to the aerial, which will 
usually be exposed. When the cover is screwed down, 
the unit “ breathes ” through a differential air-operated 
valve and any air entering the box passes through a 
dessicator. The transmitter section is electrically 
screened from the other sections, being completely 
enclosed in a metal box. The unit is 18 in. high by 
24 th. wide by 12} in. deep, and is mounted on anti- 
vibration supports. 

An illustration of the aerial unit, or scanner, is given 
in Fig. 3. It comprises the rotating aerial with its 
associated wave guides, driving motor, transmitter 
and geari The aerial is in the form of a para- 
bolic “‘ cheese” and is 3 ft. 6 in. across the aperture 
and 24, in. deep. The wave-guide feed terminates in a 
flare, which is situated at the focus of the parabolic 
reflector. The scanner is normally driven through 
gearing at a speed of 20 r.p.m. by a 25-volt direct- 
current shunt motor. To enable a special object to be 
“* watched ” or a “‘ watch ” to be kept in one direction 
only, the scanner can also be trained by hand at 
a speed of from zero to 4 r.p.m. in either direction. 
(With automatic scanning the rotation is in the counter- 
clockwise a only.) When the hand control is 
turned to the stop position, the motor is disengaged b: 
an electrically-operated clutch and a brake is af 
to the scanner shaft. The clutch also operates con- 
tacts in the motor-armature circuit, so that the latter 
can be energised only when the motor drive is 


engaged. 

The aerial rotates inside a Perspex dome which is 
4,;-in. thick and is bolted to the aerial platform. This 
dome is fitted with a watertight To prevent 
interference with the performance of the set owing to 
ice formation, the dome is provided with two banks of 
1-kW heaters. These can be switched on ind - 
dently by two vacuum relays which are phar < gat 
three thermostats. Two of these thermostats are 
situated outside the dome and bring in one or two 
heaters according to the external temperature. The 
third thermostat prevents an excessive rise of tempera- 
ture inside the dome. 

Other items of equipment are a motor-alternator, 
which can be located in a space 4 ft. 6 in. by 1 ft. 





anywhere near the main equipment, and an auto-alarm 
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MARINE RADAR EQUIPMENT. 


MESSRS. METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 











Fie. 1. 


Recetvine CoNnsoLe. 


unit, which can be mounted in any convenient place 
to give audible indications either that the set is working 
properly or that an obstruction has been detected. 
This obviates the necessity for keeping a continuous 
watch. Control is effected from a control board, 
which contains the starting contactor, resistors and 
overload relay for the motor of the motor-alternator 
set, and voltage regulators, voltmeters and smoothing 
chokes for both alternating-current and direct-current 
generators. All this apparatus is enclosed in a steel 
case about 36 in. high by 24 in. wide by 9 in. deep. 

The wavelength of the set is in what is known as the 
X band, i.e., it is of the order of 3 cm. The nominal 
frequency is 9,500 megacycles per second, and the 
actual frequency is between 9,425 and 9,525 mega- 
cycles per second. The peak power and pulse-repe- 
tition frequency, which are determined by the maximum 
range requirements, are 50 kW and 1,000 per second. 
In order to obtain a minimum range of less than 50 
yards the pulse width has been made as short as 
+ microsecond, which necessitates a receiver band 
width of about eight megacycles per second. Great 
care has been taken to prevent the head amplifier 
from being paralysed by the transmitted pulse, not only 
by screening but also by applying a blocking pulse to 
the head amplifier during the period of transmission. In 
order to control the extent to which reflections from 
nearby waves mask reflections from nearby obstructions, 
the gain of the intermediate-frequency amplifier is 
automatically increased from a relatively low value 
for adjacent objects to the maximum value at long 
ranges. The extent to which the “swept-gain” 
circuit is operative is under the control of the operator, 
who can therefore adjust the performance of the 
receiver to suit the weather conditions. 

The cathode-ray tube, which can be seen in Figs. 1 
and 2, and forms the plan position indicator, is provided 
with a long after-glow screen, so that echoes remain 
visible during successive scans of the target. This 
after-glow is emphasised by a yellow filter, which 
reduces the apparent intensity of the primary trace. 
A bearing scale is fitted at the circumference of the 
screen, and is graduated from 0 deg. to 180 deg. on 
each side, with 0 deg. at the top representing the 
ship’s head. A hand-rotated cursor facilitates the 
reading of the bearing of an echo which is given 
relative to the ship’s head. The latter can, if re- 
quired, be shown on the screen as a thin dotted 
line. Bearings of close objects can be determined with 
greater accuracy by displacing the beginning of the 
trace from the screen centre; this is known as 
expanding the centre. The alignment of the P.P.I. 
presentation with the scanner in azimuth is accom- 
plished by auto-aligning contacts, which are geared to 
the scanner and scan-coils drives. These interrupt the 
system for a short period in each revolution, except 
when the two drives are correctly ali : 

By a simple switching of the range scales provided 
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Fie. 3. Scanning Untr. 


by the time-base unit serving the plan position indi- 
cator, the display can be set for working ranges of 
3,000 yards, 10,000 yards or 60,000 yards, depending 
on the location of the ship and the likelihood of 
obstructions around her. At the closer ranges, the 
calibration circles on the indicator show 1,000-yard 
intervals, but are increased to 4,000-yard intervals 
on the 60,000-yard range. Ranges can be read to 
an accuracy of about 5 per cent. of the range scale, 
that is, to within 150 yards on the 3,000-yard scale, 
and even closer accuracy—to about 1 per cent. 
of the range scale—is given in dial readings on a 
panel visible below the indicator in Fig. 1. Obstruc- 
tions, including other ships of quite small size, are 
clearly shown on the plan position indicator, and are 
audibly notified by the auto-alarm unit. An important 
feature of the performance of the set is that “‘ echoes ” 





do not disappear into the centre of the indicator until 
the objects are within 50 yards of the aerial. 

To relieve the officer of the watch from having to 
refer constantly to the P.P.I. screen during ‘‘ quiet ” 
periods, the automatic warning unit mentioned above 
is designed to give an audible indication of the presence 
of an object in any direction within range limits of 
3,000 yards to 6,000 yards. This warning is given in 
the form of a 1,000 cycles per second “ pip” on the 
loudspeaker, the pip lasting } second during each 
revolution of the scanner. A soft note initiated by 
“‘sea returns’ should also occur every revolution to 
indicate that the set is working properly. The pre- 
cessing commutator is designed so that the 10-deg. 
sector, which is blanked during the reception of the 
“sea returns,” occurs in a different direction during 
each revolution. 
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25-TON UNIVERSAL TESTING MACHINE. 


MESSRS. TANGYES, LIMIT:“«D, BIRMINGHAM. 































































































25-TON UNIVERSAL HYDRAULIC 
TESTING MACHINE. 


Fig.3. 
= 

THE compact hydraulic testing machine illustrated | mY. b ax? 
in Figs. 1 to 3 is described as “ universal” owing to AK” CF 
its adaptability for carrying out tensile, compression | DS 
and shear tests, as well as bending tests either between 
supports or between anvils. The load capacity is Cs % 
25 tons and the power stroke is 4 in. in length.. The A mb 
machine has been developed by Messrs. Tangyes, ? Ae 
Limited, Cornwall Works, Smethwick, Birmingham, | + 
to cover most of the ordinary industrial requirements. | °'?-*) . bine ease 
In consequence, the design has been kept as simple as 
possible, though neither the durability nor the sensi- most convenient, for shear tests. The top of the casing 
tivity is adversely affected thereby. The accuracy | is indicated at g in Fig. 2, so that in Fig. 1 the only part 
is indicated by the fact that the dial readings are to | of the crossbeam visible is a small portion seen through 
the nearest 0-5 cwt. throughout the load range. Aj|the casing window. In this illustration, the parts 
general view of the machine is given in Fig. 1, though, | projecting above the top of the casing are parts of the 
owing to the fact that the lower half is completely | two columns and the crossbeam f. The only portion of 
cased in, it is necessary to refer to the outline drawings, | the two columns } that can be made out in this view is a 
Figs. 2 and 3, which show the lower half, in order to | short length showing as a dark mass through the casing 
understand the principles of construction and operation. | window immediately under what can be seen of the 
Some leading external features may be referred to. crossbeam c. This explanation is desirable as the 
The load is applied by the operation of the long vertical | coincidence of columns 6 and e in Fig. 2, renders this 
lever seen on the right, this lever operating a hydraulic view somewhat difficult to follow; reference to the 
pump. The load is released at the conclusion of the | plan, Fig. 3, however, will make the reason for this 
test by manipulation of the capstan wheel seen just | coincidence clear. 
below the load-indicating dial. The vertical scale just; Dealing with the lower space first, as shown in Fig. 2, 
above the dial is for indicating the extent of the stroke | the top of the table and the bottom of crossbeam c 
of the ram in any particular test. The window with | are fitted with solid anvils 4} in. in diameter for com- 
door below it to the left of the dial give visibility and | pression tests. The maximum vertical distance 
access to specimens tested inside the casing. between the anvils is 5} in., and tle minimum distance 
: Referring to Figs. 2 and 3, the hydraulic cylinder is | is1}in. Since, in a compression test, there is a tendency 
indicated at a. The load is applied by movement of | for the specimen to “spall” and for pieces to fly off, it 
the ram vertically upward, The cylinder has a pair of | is necessary to protect the operator by the toughened- 
lugs which carry columns }, which are secured to glass window shown in Fig. 1. 
lugs on a stiff crossheam c ; the crossbeam and cylinder | in order to allow bending tests to be carried out by 
are, therefore, rigidly coupled together and are fixed. | centre loading, the specimen being carried on the 
Attached to the top of the ram is a table d, lugs on triangular supports indicated in Fig. 2 by chain-dotted 
which carry a pair of columns ¢, which, in turn, are/|lines at each end of the table; the corresponding 
attached to the top crossbeam f. This crossbeam and | triangular central loading anvil is similarly shown. 
the table are also thus rigidly coupled together, but the | The maximum distance allowed by the table between 
assembly is movable. It will be clear that any upward | the centres of the two triangular supports is 36 in., 
movement of the ram results in a decrease of the vertical | but 24-in. and 18-in. spans are arranged for also. On 
space between the underside of the crossbeam c and the | the tensile side of the crossbeam c, the arrangements are 
top of the table d, and, in a corresponding increase of the | of course, different; a pair of self-aligning jaws are 
vertical space between the top of the crossbeam c and | provided, the upper one being adjustable in the cross- 
the underside of the crossbeam f. From this it is|beam f. This adjustment consists of a screw working 
obvious that the space below the crossbeam c is suitable | in a nut having capstan manipulating handles, and is 
for compression or bending tests, while that above it is | necessary not only to allow for different lengths of 
suitable for tensile tests. Either space can be used, as | specimen but also to permit the specimen to be inserted 
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The table d is extended | 


readily and the play to be taken up before the load is 
applied. The maximum distance between the load 
faces of the tensile testing yokes is 10} in., the minimum 
| distance being 17 in. The arrangement for tensile 
| testing will be clear in Figs. 1 and 2, and it will be 
| observed in the former illustration that the operator is 
protected from flying fragments by a transparent 
| hinged screen attached to the left-hand column. 
| The hydraulic load-measuring device, indicated at 
| hin Fig. 2, is wholly separate from the straining system. 
It is of the metal-diaphragm type, hydraulic pressure 
being generated behind the diaphragm without internal 
friction. The unit is hermetically sealed, and once 
| fitted in the machine, is stated to require no attention. 
| The accuracy of indication of which it is capable has 
been mentioned above and a pointer on the dial, 
which can be set by hand, enables the maximum load 
applied to be ascertained after the load has been 
| released and the moving pointer has returned to zero. 
Certificates of test, issued by an independent authority, 
| accompany each machine ; further, should it be desired 
| to change the load-measuring device at any time, it 
| can be removed complete and a certified service unit 
| can be fitted without dismantling the other parts of the 
|machine. Readings of movement of the table, either 
for deflection in a beam test or extension in a tensile 
| test, are obtained, with sufficient accuracy for most 
| purposes, from the vertical scale seen in Fig. 1, near 
the right-hand column, but where more precise indica- 
| tions of extension of tensile test specimens are required 
any of the standard types of extensometer can be 
|} used. Yokes and other fittings are included to suit the 
| types of test piece most commonly employed, and these 
appliances are constructed so as to be self-aligning, 
| thus ensuring axial loading. The machine is a self- 
|contained unit and no external connections are 
| required. In view of the additional cost and complica- 
| tion which would be entailed by arrangements for con- 
| trolling automatically the rate of application of the load, 
these have not been provided, but it is stated that very 
| close control can be obtained by suitable manipulation 
| of the operating lever. The hydraulic pumping unit is 
| seen at i in Fig. 2, and the release valve at j. The floor 
| space required is 3 ft. 6 in. by 2 ft. 3 in., and the overall 
| height, when the ram is at the top of its stroke, is 8 ft. 
| The machine can be installed on any floor, no excavation 
| or holding-down bolts being required. 
| 








| 
| THE TRAINING OF CHEMICAL 
ENGINEERS. 


| As one method of meeting the demand for chemical 
| engineers which modern industrial development is 
creating and increasing, the Ministry of Education are 
arranging for full-time intensive training courses in a 
number of technical colleges. The courses, which will 
last for approximately 12 months, will be open to men 
who have graduated in engineering, physics or chemis- 
try or have secured the Higher National Certificate in 
engineering or chemistry, or who have obtained a 
general science degree in mathematics, chemistry and 
physics. Men who have obtained war-time degrees in 
| the specified subjects will be eligible for the courses but 
/no candidate who has not fulfilled his military obliga- 
tions or who has not done a sufficient period of civilian 
war work to enable him to resume his studies will be 
accepted. The courses will be recognised by, and 
operated in co-operation with, the Institution of Chemi- 
cal Engineers, which, with the industrial associations of 
those branches of industry concerned with the employ- 
ment of chemical engineers, will co-operate with the 
Ministry of Labour and National Service in the selection 
of candidates for training. The fee will be of the order 
of 601. to 801. for the entire course, but eligible candi- 
dates may qualify for allowances under the Further 
Education and Training Scheme. Applications for 
fuller information should be addressed to the Ministry 
of Labour and National Service, Technical and Scientific 
Register, York House, Kingsway, London, W.C.2 
(telephone: TEMple Bar 8020). Leaflet P.L. 126 
should be mentioned by applicants in their communica- 
tions. 








BRITISH INDUSTRIES Farr, 1947.—The first post-war 
British Industries Fair will be held during May, 1947. 
The London section, at Olympia and Earls Court, will 
be organised by the Export Promotion Department, 
Board of Trade, 35, Old Queen-street, London, 8.W.1. 
The Engineering and Hardware Section, to be held at 
Castle Bromwich, Birmingham, will be organised by the 
Birmingham Chamber of Commerce (under the auspices 
of the Export Promotion Department, Board of Trade), 
95, New-street, Birmingham, 2. Forms of application 
for space and further details regarding the exact date 
of the Fair and all other matters of interest to 
engineering firms intending to take part, will be issued 





as soon as they are available. 
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INSTITUTION ELECTIONS. 


InstrruTion oF Crvi. ENGINEERS. 


Associate Member to Member.—Robert Glover Baxter, 
O.B.E., M.A, (Cantab.), Southend-on-Sea; Frederick 
Hyde Blake, B.Sc. (Eng.) (Lond.), London, N.13; 

Alexander D , B.Sc. (B’fast), Eskbank, 
Dalkeith; Charles Herbert Dobbie, B.Sc. (Eng.) 
(Lond.), Rye, Sussex; William Jesse Dyer, M.A. 
(Cantab.), Hastings; Robert Louis Fitt, B.Sc. (Eng.) 
(Lond.), London, S8.W.1; William Hood, O.B.E., 
Bombay, India; John Eadie Jack, B.Sc. (Edin.), 
Bombay, India; Lewis Edward Kent, B.Sc, (Eng.) 
(Lond.), Walton-on-Thames; Rasanayagam Kuma- 
ranayagam, B.Sc. (Eng.) (Lond.), Colombo, Ceylon ; 
Arthur James Mitchell, Dar-es-Salaam, Tanganyika 
Territory, British East Africa; Felix John Oliver, 

-A. (Oxon.), Johannesburg, South Africa; Roger 
Edward Pitt, B.Se. (Eng.) (Lond.), Sydney, New South 
Wales, Australia ; Robert William Roy Rankin, M.A., 
M.A.I. (Dubl.), Madras, India ; Cyril Minchin Roberts, 
London, 8.W.5; William Gordon Stewart, B.Sc. 
(Edin.), Singapore, Malaya; Michael Sergius Sviridov, 
Johannesburg, South Africa. 

Associate Member.—Terence Eldon Crowley, B.Sc. 
(Leeds), Chorley, Lancs.;° John Furniss Fletcher, 
Coxford, Southampton ; Kenneth David Green, B.C.E. 
(Melbourne), Footscray, Victoria, Australia; William 


Lochhead Galbraith Lawson, Ruthe , Glasgow ; 
Edward Foord Anderson Mo j rd; Basil 
Stephen Edward Nobbs, Aylesbury; Leslie Henry 


Robjohn, M.B.E., Portsmouth; Alan Peter Rose, 
B.Sc. (Eng.) (Lond.), Lahore, Punjab, India; William 
Crosbie McGlashan Russell, B.Sc. (Witwatersrand), 
Benoni, Transvaal, South Africa; Richard Turnbull 
Scott, Hawick, Roxburghshire. 

Student to Associate Member—John Christie, B.Sc. 
(Eng.) (Lond.), Bushey Heath, Herts. ; John Frederick 
Fone, B.Sc. (Eng.) (Lond.), Rochester ; > Arumadura 
Nandasena Silva Kulasinghe, Colombo, Ceylon ; Robert 
Ernest Lloyd, B.Sc. (Eng.) (Lond.), London, 8.W.1; 
Donald Macpherson, B.Sc. (Glas.), Glasgow; Victor 
Charles Schlienger, London, N.7; Charles Rasaratnam 
Tissaina, , Colombo, Ceylon; Mallroy Evan 
Wijesinghe, B.Sc. (Eng.) (Lond.), Colombo, Ceylon. 


InsTITuTION OF MECHANICAL ENGINEERS. 


Associate Member.—Herbert Thompson, Thornbury, 
Bradford ; John Dennis Usher, M.A. (Cantab.), Tol- 
worth, Surbiton, Surrey; Capt. Thomas Ward, B.Sc. 
Tech. (Manch.), Grangemouth, Stirlingshire; George 
Ernest Evans Warder, Bath; Charles Edward Hubert 
Watson, B.Sc. (N.Z.), London, 8.W.1 ; Raymond Milne 
Wealleans, Gateshead-on-Tyne; Otto Weigner, Kai- 
warra, Wellington, N.Z.; Bartel Wilton, Schiedam, 
Holland; Capt. Harry Edward Witheford, I.E.M.E., 
Moseley, Birmingham. 

Associate to Associate Member.—William Eric Church, 
Cardington ; Sqd.-Ldr. David Hay Surgeoner, R.A.F., 
Colchester. 





O1r-BURNING G.W.R. LocoMoTIvEs.—The Great West- 
ern Railway announce that 25 of their Castle-class loco- 
motives are to be converted to oil burning at their 
Swindon works. They will be used on main-line services 
between Paddington and Bristol, the West of England 
and South Wales. Ten goods locomotives have already 
been, and eight more are to be, converted. 





SEVERN BARRAGE SCHEME.—In reply to a question in 
the House of Commons on Tuesday, July 16, the Minister 
of Fuel and Power (the Rt. Hon. E. Shinwell) said that 
no decision had been reached on the expert committee’s 
recommendations that a new tidal model should be 
constructed and that the dock authorities should be 
given an opportunity of being represented on the com- 
mittee of hydraulic experts, which would supervise the 
construction and operation of that model. 





Stupy GRovuP ON SPECIAL LIBRARIANSHIP.—In con- 
junction with the Library Association, Aslib has organised 
a study group to cover many of the aspects of special 
libraries and information ‘services. The meetings will 
be held at Chaucer House, Malet-place, London, W.C.1, 
from Monday, August 12, to Saturday, August 17. 
Lectures will be given in the mornings and discussions 
held in the evenings, the afternoons being devoted to 
visits to special libraries. The lectures will deal with 
such matters as special library routine, classification, 
cataloguing, sources of information, etc., and will be 
given by specialists in the various fields covered. The 
visits will include the Science Museum Library, the 
libraries of the London School of Economics, Patent 
Office, Messrs. Kodak, Limited, Messrs. Mond Nickel Com- 
pany, Limited, and a number of others. The fee for the 
whole course is 2. 2s. 0d., and 10s. for one day, or part 
of a day. Full details and forms of application can be 
obtained from the Director, Aslib, 52, Bloomsbury-street, 
London, W.C.1. 


BRITISH STANDARD 


SPECIFICATIONS, 

THE following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 


Cast-Iron Flue Pipes.—-A recent addition to the 
standard specifications relating to building work 
issued by the British Standards Institution, is a revision 
of B.S. No. 41, covering cast-iron spigot and socket 
flue or smoke pipes. The specification, originally 
published in 1908, has been amplified and now provides 
for pipes, bends and offsets of from 4 in. to 20 in. 
nominal bore. It is required that each bend and 
offset shall be provided with a soot door for cleaning 
and that the method of attachment of clean-out hole 
covers shall be such that the holes can be effectively 
opened and closed at will. [Price 2s., postage included. ] 

Screw Threads for Copper Tubes.—A second recently- 
issued revision deals with copper tubes. The specifi- 
cation; B.S. No. 61, was first published in 1913 and it 
has been decided that, in future, it will be issued in 
two parts. One of these, B.S. No. 61: Part 2-1946, 
covering screw threads for copper tubes, has now been 
prepared and issued. In this revision no changes have 
been made in either the form of thread or the gauge 
diameters, but some minor amendments have been 
made which will result in more satisfactory screwed 
joints. The opportunity has also been taken to present 
the tables of dimensions in a form which makes the 
particulars more readily available to the user of the 
specification. [Price 2s., postage included.] 

Ferrous Traps for Baths—A new specification, 
B.S. No. 1291-1946, covering ferrous traps for baths 
has been prepared and issued as a complementary 
specification to B.S. No. 1189, which relates to cast-iron 
baths for domestic purposes. The traps are of the 
‘““p” type and may be of ordinary or malleable cast 
iron. The external finish may be as cast, galvanised 
or painted and the internal finish, fine cast, galvanised 
or glass enamelled. [Price 2s., postage included. } 





BOOKS RECEIVED. 


History of the British Railways During the War, 1939-45. 
By R. Bett. “The Railway Gazette” Offices, 
33, Tothill-street, Westminster, London, S.W.1. 
{Price 258.] 

Who’s Who, 1946. Adam and Charles Black, 4, 5 and 6, 
Soho-square, London, W.1. [Price 80s. net.] 

Penguin Books. Science News. No. 1. Edited by 
JoHN EnoGaT. Penguin Books Limited, Harmonds- 
worth, Middlesex. [Price 1s.} 

The British Electrical and Allied Industries Research 
Association. Technical Report No. K/T121. Facilities 
for Tests on New Housing Developments. By J. L.. CaRR. 
Offices of the Association, 15, Savoy-street, Strand, 
London, W.C.2. [Price 2s. net.] 

The Directory of Shipowners, Shipbuilders and Marine 
Engineers, 1946. Compiled under the direction of the 
Editor of “‘ Shipbuilding and Shipping Record.” The 
Directory Publishing Company Limited, 33, Tothill- 
street, Westminster, London, S.W.1. [Price 20s. net.] 

“* Mechanical World”’ Monographs. No. 21. Finance 
for the Engineer. By GorDON LOWE. Emmott and 
Company, Limited, 31, King-street West, Manchester, 3. 
[Price 2s. net.] 

Report on Filing and Indexing. A Study of the Principles 
and Practice of Classification as Applied to Filing 
Systems. O. W. Roskill and Company (Reports), 
Limited, 14, Great  College-street, Westminster, 
London, 8.W.1. [Price 42s.) 

Improving London’s Transport. The New Works Scheme 
of the L.P.T.B., the L.N.E.R., and the G.W.R. “ The 
Railway Gazette ”’ Offices, 33, Tothill-street, West- 
minster, London, 8.W.1. [Price 5s.] 

The Ohio State University Studies. Engineering Series. 
Circular No. 48. Ohio’s Water Resources. By C. V. 
YouneQuist. Engineering Experiment Station, The 
Ohio State University, Columbus, Ohio, U.S.A. 

A Study of the Growth of Grass in “* Surface-Stahilised ” 
Soil. By Martin A. F. Surron, in collaboration with 
T. F. N. ALEXANDER and F. C. West. Sutton and 
Sons, Limited, Reading. [Price 3s. 6d. net.) 

Ministry of Works. Further Uses of Standards in Build- 
ing. Second Progress Report of the Standards Committee. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 9d. net.] 

L’ Art du Monogramme. By L. SAROUKHAN. 
Partout,” Rue Crespel 32, Brussels. 

Morgan’s at War. A Story of Achievement Under Fire, 
1939-1945. The Morgan Crucible Company, Limited, 
Battersea Works, Battersea Church-road, London, 
S8.W.11. 

Trains, Tracks and Travel. By PROFESSOR T. W. VAN 
Metre. Seventh edition. Simmons-Boardman Pub- 
lishing Corporation, 30, Church-street, New York 7, 


“ Publicité 





N.Y., U.S.A. [Price 3-50 dols.] 
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PERSONAL. 
LIEUT.-GENERAL SIR RONALD WEEKS has been ap- 
pointed deputy chairman of Vickers Limited and chair- 
man of the English Steel Corporation Limited as from 
August 1. Sm ALEXANDER DUNBAR, the present holder 
of the latter position, is retiring on July 31. Sir 
FREDERICK YaPP is relinquishing the post of managing 
director of Vickers Limited but will retain his seat on 
the board. He will retire from the boards of Vickers- 
Armstrongs Limited and the English Steel Corporation 
Limited. COMMANDER SIR ROBERT MICKLEM is to be 
chairman and Mayor H. R. KILNER deputy chairman of 
Vickers-Armstrongs Limited as from August 1, and Sir 
Alexander Dunbar will retire from the board on July 31. 

Lorp Luioyp has joined the board of directors of the 
Horseley Bridge and Thomas Piggott, Limited, Horselvy 
Works, Tipton, Staffordshire. 

VicE-ADMIRAL Sir Eric J. P. Brinp, K.C.B., C.B.E., 
has been appointed President of the Royal Naval Colles, 
Greenwich, in succession to COMMODORE A. W. S. AGar, 
V.C.,D.S.0. Sir Eric will take up his duties in September. 

ViscouNnT BENNETT, P.C., K.C., LL.D., President of 
the Royal Society of Arts, has been re-elected chairman 
of the Council of the Society for the year 1946-47. 


Mr. M. W. Turina, formerly on the staff of the British 
Coal Utilisation Research Association, has been appointed 
head of the Physics Department of the British Iron and 
Steel Research Association, 11, Park-lane, London, W.1. 
Dr. W. C. NEWELL, until recently on the staff of the 
Brown-Firth Research Laboratories, Sheffield, has been 
appointed head of the Steel Castings Division, and Mr. 
E. L. DtaMonD has been made mechanical engineer to 
the Plant Engineering Division, of the British Iron and 
Steel Research Association. 

Dr. GLEESON E. RoBINSON, C.B., M.C., who has been 
Traffic Commissioner for the Metropolitan area since the 
inception of the Road Traffic Act, 1930, has been ap- 
pointed by the Minister of Transport to be chairman of 
the Appeal Tribunal constituted under Section 15 of the 
Road and Rail Traffic Act, 1933, in succession to the 
late Mr. R. HaRKER, K.C. Simm HENRY PiGoorrt, C.B., 
C.B.E., is succeeding Dr. Robinson as Traffic Commis- 
sioner for the Metropolitan Traffic Area for the time being. 
Mr. F. Gorpon TuckER, O.B.E., T.D., has been ap- 
pointed chairman of the Commissioners for the South- 
Eastern Traffic Area. 

Dr. D. F. Twiss, who has been chief chemist of the 
Dunlop Rubber Company, Limited, for the past 32 years, 
has just retired. 

Mr. R. T. Parry, A.M.1.E.E., Assoc.I.Mech.E., has 
been elected President, for 1946-47, of the Engineer 
Surveyors’ Association, 19, Atlantic Chambers, 7, 
Brazennose-street, Manchester, 2. 

Mr. G. G. IBBoTson, M.M., chairman of the Thorncliffe 
Works Managers’ Advisory Committee, has been made a 
local director of Newton, Chambers and Company, 
Limited, Thorncliffe, near Sheffield. 

Mr. J. D. Grirrirus has been elected chairman of the 
Executive Council of the Association of Supervising 
Electrical Engineers for.the year 1946-47. 

Following the retirement of Mr. J. H. Furniss after 
many years’ service with the Hercules Cycle and Motor 
Company, Limited, Aston, Birmingham, 6, Mk. WALTER 
F. WrrHers, A.M.I.A.E., has joined the company as 
works director, in general control of the Rocky Lane and 
Manor Mills factories. Mr. T. A. Yapp, M.B.E., will con- 
tinue as works manager of the Manor Mills factory and 
Mr. P. J. LESTER as works manager of the Rocky Lane 
factory. 

Mr. J. L. ORCHARD, resident engineerin the Manchester 
area of the Cambridge Instrument Company, Limited, 
13, Grosvenor-place, London, S.W.1, has retired on 
reaching the age limit. Mr. A. W. BURRELL, who has 
represented the company in the Home Counties for 
several years, has been appointed to succeed Mr. Orchard 
in the Manchester area. Mr. H. J. STARLING, one of the 
company’s London representatives, has been appointed 
resident engineer in the newly-formed ‘‘ Nottingham- 
shige ” district, which covers the Counties of Nottingham- 
shire, Cambridgeshire, Lincolnshire, Leicestershire, 
Northamptonshire, Rutland, Huntingdonshire, Norfolk 
and Suffolk. 

The offices of the CRUCIBLE AND HIGH-SPEED STEEL 
CONFERENCE and of the CRUCIBLE AND TOOL STEEL 
AssociaTIoy have been transferred from 59, Clarkehouse- 
road, Sheffield, to Corn Exchange Buildings, Sheaf-street, 
Sheffield, 2. (Telephone: 27536.) 

Messrs. JOHNSON AND PHILLIPS, LimiTED, Chariton, 
London, 8.E.7, have announced that they have opened a4 
new depot at the offices of Messrs. James J. Hyde, Limited, 
Belfast. This will be under the control of Mr. W. REay, 
and the address is Johnson and Phillips, Limited, 38, 
Bedford-street, Belfast. (Telephone: Belfast 21379.) 
The Ministry of Supply have announced that the offices 
of the BristoL REGIONAL MACHINE-TOOL DISPOSAL 
CENTRE, are now located at Elmdale Hotel, Elmdale-road, 





Bristol, 2. 
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NOTES FROM THE NORTH. 
GLasaow, Wednesday. 


Scottish Steel—The holidays have interfered with 
business to a slight extent, but the interlude was neces- 
sary this year on account of the repairs to furnaces and 
machinery required after a long spell of high-level 
production. The first six months of this year were the 
busiest that have ever been experienced in the history 
of the Seottish steel industry. The Clyde and Belfast 
shipyards have been causing steelmakers a good deal of 
anxiety, and efforts have been made to safeguard these 
important consumers and ensure delivery of their require- 
ments. So far, the position has been kept under good 
control, and shipbuilders are satisfied at the way the 
steclmakers have dealt with their record-breaking orders. 
Plates are still the most difficult item, but the additional 
shifts at two light plate mills have produced good results, 
and delivery dates have been prevented from becoming 
unduly extended. Sections and bars are also very 
heavily committed, but with six to ten weeks delivery 
the position is reasonably satisfactory. The most urgent 
specifications are given special attention to enable users 
to keep up their programmes of construction. Outputs 
are practically at the maximum possible with the plant 
available. The export, side is totally unsatisfied, only a 
fraction of inquiries being met owing to the prior needs 
of the home user. 

Scottish Coal.—The supply position is very difficult. 
The holidays have created circumstances of great tem- 
porary stringency. The Coal Survey Officer is keeping a 
strict watch on supplies in order to prevent any inter- 
ference with the operations of public-utility services. 
Electric power stations are perhaps in the worst position, 
but gasworks and other industrial users are also in urgent 
need of supplies. Before the holidays outputs showed 
signs of improvement, but the holidays have set back the 
position. A new campaign for increased efficiency in the 
use of fuel and economy among consumers is being 
inaugurated for the autumn. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Tron and Steel.—Progress is being made slowly with 
the installations of additional machine tools to deal with 
the large volume of work on the books of iron and steel 
concerns. Manufacturers are cheered by the prospect, 
encouraged by the American Loan sanction, of obtaining 
from the United States the heavy machine tools urgently 
needed here. Further large orders for electrical- 
engineering concerns have been secured, and a long run 
of activity is assured in this section, both on home and 
export account. In the heavy steelworks there is room 
for more orders from the engineering trades of the 
country. This is in marked contrast with the position 
in the lighter steel branches, which are overwhelmed 
with orders and in arrears with deliveries. Tool factories 
are extremely busy and are likely to remain so for a 
long time. 


South Yorkshire Coal Trade.—Production generally 
has been steadily maintained, but the demand is increas- 
ing in most sections. Small allocations of house coal 
are able to cover the deliveries permitted, and the surplus 
is helping to relieve the scarcity of washed and graded 
steams and gas coal. Railways are pressing for larger 
deliveries to cover the increased consumption due to 
improved train services. Electric power undertakings 
are making some progress in bringing their reserves to a 
safe level. Coking coal is being delivered to the per- 
mitted extent, which necessitates some slow heats at 
coke-works and reduces available supplies of coke 
for current use and for stock. 





INTERNATIONAL AERONAUTICAL EXHIBITION, PARIS.— 
An International Aeronautical Exhibition will be held 
in Paris from November 15 to December 1, 1946. Further 
particulars may be obtained on application to the 
Commissaire-Général, 4, Rue Galilée, Paris (16e.). 





THE OPERATION OF Gas PRODUCERS.—The Ministry 
of Fuel and Power have now added to the series of fuel- 
efficiency bulletins a manual on the operation of gas 
producers, designed to’appeal not only to operatives 
but also to the producer superintendent. The main 
text, while dealing briefly with the general principles of 
gasification and the characteristics of fuels, is primarily 
intended to give guidance in operation to those actually 
working gas producers. Appendices are included in 
which the blast saturation temperature, the properties of 
fuels, the use of instruments, and other matters are 
discussed from a somewhat more technical aspect for the 
benefit of the producer superintendent. A point stressed 
in the manual is that of ensuring adequate liaison between 
those responsible for the operation of a plant and those 
using the gas produced by it. Copies of the publication 


are obtainable free on application to the Regional Offices 
of the Ministry of Fuel and Power. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The total tonnage of iron and steel 
available for distribution is at a high level but is insuffi- 
cient to satisfy the urgent requirements for home purposes 
and overseas needs. Supplies of pig iron, supplemented 
by a substantial tonnage of scrap, is barely sufficient for 
current requirements and the demand is increasing. 
Consumers are readily taking up the full allocations and 
larger deliveries are necessary to enable some users to 
turn out enough tonnage to meet their delivery obliga- 
tions as they fall due under running contracts. Steel 
semics are still wanted in larger quantities than are obtain- 
able and the demand for finished descriptions of steel 
continues intense. 


Foundry and Basic Iron.—The irregular and limited 
make of high-phosphorus pig iron is contributing but 
little to the increasing requirements, but substantial 
supplies of Midland brands are reaching North Hastern 
foundries regularly. Makers of light castings are calling 
for larger allocations. Basic-iron production is maintained 
at a level that covers the requirements of the steelworks in 
the Tees-side area, but provides no surplus tonnage for 
use elsewhere. 

Hematite, Low-Phosphorus and Refined Iron.—Makers 
of East-Coast hematite are managing to maintain 
deliveries for home purposes of sufficient magnitude to 
meet essential needs but consumers have practically no 
iron stored and would welcome larger deliveries to re- 
plenish their stocks. Merchants have command of only 
small parcels and are obliged to refuse both home and 
export business. Licences for shipment overseas are 
still unobtainable. The outputs of low- and medium- 
phosphorus grades of iron continue to be satisfactory. 
Refined descriptions are the only class of iron available 
for export. 

Manufactured Iron and Steel.—Semi-finished iron is in 
ample supply and finished-iron manufacturers could deal 
with more work than they have in hand but the aggregate 
tonnage output of steel falls considerably short of the 
demand and priority claims for the requirements of the 
home industries render restrictions in release of tonnage 
for export necessary. The demand for all classes of 
steel semies is increasing. Home production is large but 
substantial imports of commodities from overseas are 
still necessary to meet the heavy requirements of the 
re-rollers. The various classes of rolled steel are being 
specified in large quantities, and contracts for sheets and 
plates extend over periods in the early part of next 
year. Makers of rails, chairs, points and crossings, and 
all other railway requisites, have heavy bookings and 
plants engaged in the production of pit props, arches 
and colliery roofings are fully employed. 

Scrap.—Scrap is in good supply and exceptionally 
large quantities are reaching the foundries and steel- 
works. The descriptions in greatest demand are all 
grades of cast iron, machinery metal and heavy steel. 





Export CREDITS GUARANTEE DEPARKTMENT.—During 
the quarter ended June 29, 1946, the Export Credits 
Guarantee Department assumed liability, under section 1 
of the Export Guarantees Act, 1939, and under section 2 
of the Export Guarantees Act, 1945, up to a maximum 
of 14,240,0097., in respect of contracts, policies and 
guarantees amounting to 30,173,684. 





INDUSTRIAL FLOOR Space.—In reply to a question in 
Parliament regarding the total area of industrial floor 
space released and returned to industry during April, 
May and June, the President of the Board of Trade, 
Sir Stafford Cripps, stated, on July 15, that 29-1 million 
sq. ft. had been so released, and that 73 million sy. ft. 
still remained under requisition by Government depart- 
ments. 





ROLLS-ROYCE AERO ENGINES AND Moror-CaRs.— 
Speaking at the annual general meeting of Messrs. Rolls- 
Royce Limited, held on July 19, Captain E. C. Eric 
Smith, M.C., the chairman of the board, stated that 
considerable attention was being paid to the planning 
and development of aero engines for civil aviation. He 
added that a substantial contract had been received 
from Canada for the installation of Merlin engines in 
commercial aircraft now being built in that Dominion. 
The production of motor cars had been resumed and 
completely new designs of the Rolls-Royce “ Silver 
Wraith ” and the Bentley Mark VI were being made, 
It was hoped that the rate of delivery would improve as 
the year proceeded. Captain Smith also announced that 
the granting of manufacturing licences to foreign coun- 
tries was under consideration. In connection with this 
last’ statement, the firm state that it has now been 
confirmed that licences have been granted to France 
and also to China, and that negotiations are proceeding 





with the United States on this question. 
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NOTES FROM THE SOUTH-WEST. 


CarRpDIFF, Wednesday. 


The Welsh Coal Trade.—An insight into the manner 
in which the coal industry in South Wales will be admin- 
istered under nationalisation has been given by Mr. 
Arthur Horner, area president of the National Union of 
Mineworkers. The region which, in addition to the South 
Wales coalfield, will also include Gloucestershire and 
Somerset, would have a Regional Board composed of 
six or seven full-time paid officers and an independent 
chairman and vice-chairman, and would be the local 
duplicate of the National Board. It would be responsible 
for the day to day working of the industry and there would 
be sub-regional boards drawn up on a geographical 
basis or on the basis of the classification of coal. Although 
the latest figures of output for the area showed a slight 
improvement, compared with both the previous week 
and the same period of a year ago, they amounted to 
489,784 tons, 487,792 tons and 473,434 tons, respectively, 
there was still insufficient coal to satisfy all the require- 
ments on the Welsh steam-coal market. Home demand 
was insistent, and producers were kept fully engaged in 
meeting the requirements of these users. In several 
instances, in order to prevent deliveries falling heavily 
into arrears, producers have had to include some lower 
grades than those booked. There was no sign of any 
falling off in the demand from this source and, with order 
books well filled for some time to come, exporters were 
prevented from entertairling much business. As a rule, 
the only qualities offering for overseas use were the very 
poorest sorts, chiefly anthracite duffs, and steady deli- 
veries of these proceeded under current allocations. 
All the large sorts were well sold forward and, with 
the demand actively maintained, the tone was firm. 
Supplies of the sized and bituminous smalls were almost 
impossible to arrange for for a long time ahead, and as a 
result any odd parcels that became available were 
quickly taken up at full late values. Cokes and patent 
fuel were in brisk request and buyers found that they 
were not easy to secure. 

Swansea Steel-Sheet Infustry—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, the tin-plate industry displayed a fair activity. 
The demand was strong but business was restricted by 
the production which is still much below capacity. In 
the export market the demand was good and sales, 
although not numerous, increased. Steel sheets show no 
change ; the exceptional demand is fully maintained and 
orders, owing to manufacturers’ heavy commitments, are 
difficult to place. The iron and steel scrap market is 
quiet as the acceptance of deliveries is limited, more 
particularly of the lighter and inferior qualities. The 
prices of iron and steel products and of non-ferrous 
metals are as follows :—Prime tin-plates, per box of 
108 Ib., containing 112 sheets measuring 20 in. by 14 in., 
32s. 6d., 32s. 9d., and 33s. 14d., f.o.r., according to the 
tin coating, for home consumption, and 33s. 6d., and 
upwards, f.o.b., for export. Unassorted tin-plate base 
uncoated plates, 27s. per box f.o.r., at makers’ works. 
Unassorted terne-plates, per box of 112 sheets, measuring 
28 in. by 20 in., 61s. 9d., f.o.r. All the above prices are 
subject to a schedule of extras for certain sizes and 
qualities. Galvanised corrugated sheet sheets, Nos. 17-20 
gauge, 271. 13s. 6d., and steel sheet and tin-plate bars, 
121. 2s. 6d., all per ton delivered. Welsh hematite pig 
iron 81. 9s., and Welsh basic pig iron 71. 15s. 6d., both 
per ton, delivered, and both subject to a rebate of 5s. 
The distribution of supplies of metallic tin is controlled 
and the price of the metal is 3001.a ton. The maximum 
control price of fite-refined copper (containing not less 
than 99-2 per cent. of the metal) is 827. 10s. a ton, and 
that of high-conductivity electrolytic copper, 841. a ton. 
The maximum control price of lead, English quality, is 
561. 10s. a ton, of foreign soft pig lead, duty paid, 55l. a 
ton, and of spelter, 501. a ton. 








THE INSTITUTION OF ELECTRICAL ENGINEERS.—The 
scrutineers appointed at a meeting of the Institution of 
Electrical Engineers held on April 25, have now reported 
the result of the ballot held to fill vacancies occurring 
on the Council on September 30. The President for 
1946-47 will be Mr. V. Z. de Ferranti, M.C., and three 
vice-presidents were elected, namely, Mr. J. Hacking, 
Mr. T. Graeme N. Haldane, and Professor E. B. Moullin. 
The honorary treasurer is to be Mr. E. Leete, and the 
newly-elected ordinary members of the Council are Dr. 
T. E. Allibone, Mr. D. B. Hoseason, Colonel B. H. Leeson, 
O.B.E., T.D., Mr. H. Nimmo, Mr. C. 8. Briggs, Dr. F. C. 
Williams, and Mr. G. Wansbrough. In addition, Mr. 
J. F. Shipley has been elected chairman of the Installa- 
tions Section Committee ; Mr. L. J. Matthews, chairman 
of ‘the Measurements Section Committee; Professor 
Willis Jackson, chairman of the Radio Section Com- 
mittee ; and Mr. J. Andrew Lee, chairman of the Trans- 
mission Section Committee. Vice-chairman and 
ordinary members of the Section Committees have 
also been elected to fill vacancies occurring on 





September 30. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 
TEMp.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.°.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom.................... £3 5 0 
For Canada— 
Thin paper copies ................ £2 18 6 
Thick paper copies. ............ £3 3 0 
For all other places abroad— 
Thin paper copies ............... £3 3 0 
Thick paper copies ............ £3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 





Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as | 
well as for insets, can be obtained on application to | 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements | 
appearing. under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
$3} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in “heir possession for more 





than two years. 
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ATTRACTING THE 
APPRENTICE. 


Tue Edward Williams Lecture delivered by Sir 
Claude Gibb to the Institute of British Foundrymen 
on June 19 and reproduced, with only slight abridg- 
ments, on page 93 of this issue of ENGINEERING, 
contains a great deal of thought-provoking material 
of direct concern to the engineering industrialist and 
designer, as might be expected from a managing 
director of a famous turbine-building firm who is 
himself a practical engineer ; but it contains other 
comments which ought to be studied and carefully 
pondered by a much wider public. 
are some pointed observations regarding the 
difficulty of recruiting a satisfactory number of new 
entrants for the foundry. Sir Claude, it is evident, 
is not one of those who consider that the day of the 
foundry, if not actually over, is drawing rapidly to 


its close as a result of the relative ease, not to men- | 


tion the other advantages, of fabrication by welding. 
In this, he spoke with expert knowledge, for, as his 
lecture shows, he has experimented widely on the 
complete or partial substitution of weldings for 
castings, but he sounded a clear note of warning : 
“there is no suggestion,” he declared, “‘ that foun- 
dries are going out of existence—unless they do so 
for lack of labour,” as a result of the general difficulty 
in obtaining a sufficiency of new apprentices to 
foundry work. 

“It is my belief,” said Sir Claude in concluding 
his lecture, ‘‘ that foundries are now facing a crisis, 
and that to go on much longer as most are doing 
to-day means extinction; yet, with courage and 
vision, there is a greatly improved and prosperous 
future ahead. If you are short of apprentices, 
before long your ability to produce large and 
intricate castings will disappear. Apprentices must 
be attracted to the foundries and this can be done 
in one of two ways: firstly, by bribing with high 
wages (or, in other words, submitting to a form of 
blackmail in which the demands will become stiffer 
and stiffer) or, alternatively, by lifting the whole 
status of foundries and foundrycraft. . . . In the 
long-term plan, the foundry must remain. Bribery 








85 


is not the way to obtain good craftsmen ; attractive 
working conditions provide the only solution.” 

We have quoted thus extensively from the lecture 
as a preliminary to examining some of these observa- 
tions in rather more detail ; not that any of them is 
such as to invite strong dissent, but because it seems 
that they do not portray the full picture, which 
should rightly include more than the foundry. So 
long as the recruiting difficulties of the foundry 
owner or manager only are considered, there is some 
risk that the necessarily arduous and relatively 
grimy nature of most foundry work will be assumed 
to be the main causes of the difficulties ; but there 
is only too good reason to fear that the trouble lies 
much deeper, and is being accentuated by a number 
of factors which, outwardly, have only a slender 
connection with this particular problem. The 
strenuous character of the work, and the fact that it 
involves a certain amount of grime, might be 
adduced as reasons for the corresponding difficulty 
in obtaining apprentices to blacksmithing or rolling- 
mill work ; but they do not account for the existence 
of a similar problem among, for instance, ehrono- 
meter makers, and they tend to be invalidated, or at 
least made questionable, by the apparent fact that 
there is no serious shortage of boys who want to 
become garage mechanics—an occupation which, 
actively pursued, will make them quite as tired and 
dirty as will a day’s work in a foundry. 

To get to the root of the problem, it would seem 
necessary to start the search for origins somewhat 
farther back, and, in doing so, it may be taken as 
axiomatic, perhaps, that the average boy, on 
leaving school and making his first contact with 
manufacturing industry, is not actuated in any way 
by a desire to work or, in many cases, to learn. 
Very often, he definitely does not want to work, 
and the only influences that lead him to do so are 
either parental or other pressure, or a desire for 
necessaries or amenities that can be satisfied in 
no other way. In many cases, at the age of 15 
or 16, he has not even begun to think clearly or 
constructively, although he may believe that he 
has; and the age at which he does begin to think, 
and to desire knowledge and skill for their own sakes 
or for the more mercenary reason that he recognises 
them as essential to his personal advancement, 
depends very largely upon his background— 
especially his domestic environment. Although the 
domestic influence may wane in importance as the 
| influence of his scholastic background spreads over 
a larger proportion of his waking hours, it is by 
no means certain that this change is always in the 
right direction, regarded as a factor in determining 
| his potential future as a craftsman and a producer ; 
it may prove to be rather an unsettling influence, 
developing the type of mind that argues, not “I 





Among them | 


think, therefore I am,” but “I am, therefore I 
| have a right to be supported whether I contribute 
| to that support or not.” There are still, for all the 
jaevemons in education, far too many people who 
|seem to think that, because water flows out of a 
| tap, the tap is the source of the water. 

So far as the foundry is concerned, the frequently 
unpleasant working conditions are probably among 
the root causes of the lack of new entrants ; for, 
certainly, in this particular trade, the problem is 
no new one. It existed many years before, though 
perhaps not in an acute form. In 1924, the then 
Board of Education published a report on “ Educa- 
tion in relation to Foundry Work,” which com- 
mented on the fact that, because foundry work was 
dirty, the best boys in a district rarely took it up, 
those who did enter the trade being most often 
those who had not made much progress even in 
an elementary school. Moreover, it was alleged, 
moulders did not often make moulders of their 
sons, but preferred to send them into some other 
branch of engineering. Seven years later, the 
report of the Committee on Education for the 
Engineering Industry—a committee which included 
a strong representation of engineering employers— 
commented in very similar terms on the difficulty 
of providing suitable instruction for boys in foun- 
dries, who were, they stated, “on the average, of 
lower ability than those in other branches of engi- 
neering.” The committee thought, however, that 
“a better type of recruit should be obtained as 
working conditions are improved and this will in 
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turn mean better material for the schools,”’ adding 
that “we think that in this way, but in this way 
only, the problem of an adequately trained personnel 
for foundry work will gradually be solved.” That 
it has not been solved is not to be taken as evidence 
that the committee were wrong in their opinion, 
but rather as the result of increasing competition 
from other quarters—for example, the Services, 
which have absorbed numbers of youths who other- 
wise would have entered the engineering industry. 

The report of this committee was published in 
1931, and in the 15 years that have elapsed since 
its appearance many advances in foundry technique 
and amenities have been made. Naturally, they 
have been most in evidence in newly-constructed 
foundries, and particularly in those laid out for the 
quantity production of relatively small castings, 
but the conditions in the larger jobbing foundries 
have improved also, if sometimes less obviously ; 
yet it is clear from Sir Claude Gibb’s lecture that 
the fundamental objection to foundry work persists. 
In part, no doubt, this is a matter of relativity ; the 
foundry has improved, but so have the other trades 
which compete for the young “ school-leaver,” and 
most of them have improved to a greater extent. 
Many of them, too, offer to the promising youth a 
chance to develop into a designer, and to the keen 
youngster that possibility presents great—if some- 
times illusory—attractions, the influence of which 
does not always receive due weight. The importance 
of design is early impressed upon the young me- 
chanic ; the welder is taught that the full benefits of 
welded construction can only be enjoyed if the job is 
designed ab initio for welding and by a man who 
has a thorough practical knowledge ; but no one 
suggests to the young moulder or coremaker that he 
is likely ever to be given a chance to design anything. 

To quote again from the 1931 report, everything 
depends upon the goodwill of the student, and 
‘ambition soon fades unless he sees that he has 
a reasonable chance of rising by his efforts to more 
responsible and better-paid work.” This is a point 
of view that might be given more consideration by 
some of His Majesty’s Ministers when they are 
engaged in concocting new schemes for the control of 
industry. By their plans for the nationalisation of 
the iron and steel industry, they are removing at 
a stroke a powerful incentive that must have 
sustained. many a young man in the past—the 
possibility of becoming his own master. Standardi- 
sation and regimentation have tended, in many 
directions, to reduce the opportunities for the 
exercise of originality, so that the man in a position 
of seeming authority is often no more free to apply 
any special creative gift that he may possess than 
is any labourer in the shop. In other directions, 
there are so many restrictive rules and ordinances 
to be observed—the accumulated efforts of several 
generations of trade-union officials, employers’ 
organisations, insurance companies, Parliamentary 
legal draughtsmen, etc.—that a policy of “‘ Safety 
First ” is inevitably engendered, with the feeling 
that to be original is to invite trouble. Finally, as 
an influence of increasing importance, there are the 
financial considerations arising from the larger scale 
of so many present-day industrial operations, com- 
pared with those of even 20 years ago. Sir Claude 
Gibb mentioned that, to make their foundry more 
up-to-date, his firm were prepared to spend a quarter 
of a million pounds; and that is a fair measure of 
the present cost of being progressive. They believe 
that this policy will pay them, and no doubt it will ; 
but any who may be tempted to point the finger of 
scorn at other foundries, not so modernised, and to 
declare that no man in his senses would send his 
son to work in such a place (a type of argument 
not unknown in the House of Commons) would do 
better to remember that even the oldest foundry 
was new once ; that, in all probability, skilled men 
did as good work in it as could be done elsewhere 
at the time, or, perhaps, to-day ; and that the real 
root of the good work that is done anywhere, and 
the contentment that comes from doing it, is in 
the state of mind of the doer. That is not an 
argument for maintaining squalor in foundries, but 
it is an argument that the employee, as well as the 
employer, must, in a sense, dedicate himself to his 
work if he really wants to improve his status and 
that of his craft. 





RAILWAY STATISTICS. 


BEFORE the war, the Ministry of Transport was 
in the habit of issuing annual statistical returns 
relating to the operations of British railways. For 
reasons of security, these were suspended after the 
issue covering the year 1938. The gap of six years 
which resulted, however, was made good, to a large 
extent, in the early part of this year when a 
summary covering. the years 1938 to 1944 was 
published; this was reviewed in our issue of 
May 17, 1946. It was somewhat incomplete, as 
shortage of staff during the war did not permit 
the collection of information in such detail as had 
been usual in normal times. Pre-war practice has 
now been resumed, and returns* for the year 1945 
have been made available. In general, it may be 
said that although the information furnished indi- 
cates certain tendencies, the differences between 
the figures for 1944 and 1945 are not very great. 
The war in Europe did not end until May 9, and 
the conflict with Japan continued into August, so 
that the railways were still dealing with war traffics 
during a large part of the year covered. Doubtless, 
the returns for 1946 will furnish better evidence of 
peace-time performance and trends. 

Any consideration of the railway position must 
be influenced by the knowledge that it is the 
intention of the Government to nationalise them. 
This matter in no way affects the statistics of the 
the returns, but must have a bearing on any deduc- 
tions drawn from them. Railway revenue has now 
fallen below the fixed sum which was paid to the 
companies during the war, and on which the State 
made a handsome profit, and, as a first step towards 
balancing returns against outgoings, passenger fares 
have been raised. If railway income is to be con- 
sidered in terms of full years, this decision must 
have been based on the figures for 1945, as 1946 had 
not half run when the increase was decided on. 
If the matter is looked at in this way, the statistics 
suggest that passenger rates have been increased 
to offset falling returns from freight traffic. In 
1945, the number of passenger journeys was 
26,455,000 greater than in 1944 and the average 
receipt per passenger journey was 2s. 3-63d., 
against 2s. 1-83d. in the previous year. The average 
receipt per train mile rose from 15s. 10d. to 16s. 
Against these figures, the total freight traffic de- 
creased by 26,119,000 tons, and the receipt per 
freight-train mile from 24s. 8d. to 23s. 3d. 

This comparison, based on the figures available, 
is obviously unduly simplified, as the decision to 
increase passenger fares was clearly influenced 
largely by rising labour and other costs. This aspect 
of the matter is not dealt with in the statistics, 
which do not include any overall financial informa- 
tion. Even the trend which the figures indicate 
may represent no more than a transient condition. 
The end of the war naturally resulted in considerable 
population movement, particularly in the direction 
of the south of England, while the long-pent demand 
for holidays would tend to increase passenger travel 
in all districts. On the other hand, the fall in 
freight traffic may be no more than a reflex of a 
state of transition. It was not to be expected that a 
decrease in the extensive movements of war stores 
could be made good immediately by a great increase 
in normal trade traffic. Factory reconversion, on 
which this depends, occupies many months. 

Figures of much industrial importance are 
furnished by the returns of coal traffic and it is not 
satisfactory to find that the total coal hauled in 
1945 was the lowest for the series of years since 
1939. In this type of traffic there has been a 
continuous decline. Expressed in thousands of 
tons, the movements in the years 1939 to 1945 
were 184,967, 177,261, 163,346, 162,828, 156,744, 
150,663, and 143,133. The progressive fall during 
the war may be explained partly by a decrease in 
output, but it was probably mainly due to a deli- 
berate policy of utilising coal as near as possible to 
the point at which it was mined. As a war measure 
to relieve overloaded railways, this procedure may 
have been justified, but it resulted in many users 





* Summary Table of Statistical Returns of Railways of 
Great Britain, 1945. London: H.M. Stationery Office. 
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being supplied with types of coal unsuitable for 
the industrial operations on which they were 
engaged. The traffic figure for 1945 does nt indi- 
cate that any change was made in this policy in the 
latter part of that year. In 1938, when industrial 
users were free to select the coal most suitable for 
their particular purpose and when they naturally 
included freight costs as an item in their buying 
policy, the railways handled 172,773,000 tons of 
coal. Whether that figure and the freedom of 
choice which accompanied it will ever return is 
questionable. With both the mines and the railways 
in Government ownership, a policy dictated to their 
interests rather than to those of the industrialist 
is likely to be adopted. 

In 1945, the merchandise and livestock hauled 
fell to 73,519,000 tons, compared with 87,436,000 
tons in 1944. This again is no doubt an indication 
of conditions in a transition year, but it is of import- 
ance to note that even the lower figure greatly 
exceeds the 45,595,000 tons of 1938. As already 
pointed out, the railways were still operating under 
war conditions during a large part of 1945 and 
it is likely that statistics for 1946 will show a 
considerable decrease as compared with 1945. 
The comparative traffics of 1938 and 1945 are not a 
direct indication of financial returns for, while in 
1938 the average receipt per ton of this type of 
traffic was 18s. 2d., in 1945 it was 28s. 4d. This 
difference represents a direct charge on trade, but 
must naturally be interpreted in terms of the altered 
value of money. Merchandise is the class of railway 
freight business for which road transport is a 
competitor and any attempt even to guess at future 
traffics must be coloured by the fact that the 
nationalisation of road haulage is contemplated. 
The question of the competition of road and rail 
in the carrying of merchandise has long been a 
matter of discussion and controversy. It was raised 
in a specific form in the ‘‘ Square Deal” proposals 
put forward by the railway companies in, 1939. 
The matter has now been raised again in a memoran- 
dum presented to the Minister of Transport by the 
main-line railways in conjunction with the Road 
Haulage Association. Basically, the proposals are 
that rates for the two competing forms of transport 
should be correlated. The memorandum does not 
mention nationalisation ; it is written in terms of 
the status quo and, in view of the declared intentions 
of the Government, must be described as a little in the 
air. The future relations between road and rail 
transport will be determined by Government plans, 
which, judging by confessions made in other con- 
nections, probably do not yet exist. 

In their more technical aspects, the returns record 
some progress in rehabilitation by the end of 1945. 
The total number of locomotives available, however, 
actually fell to 18,728, compared with 18,915 in 
1944; these totals include various minor classes. 
Steam tender locomotives, on which main-line 
traffic mainly depends, increased in number by 
84, but tank locomotives decreased by 20. The 
number of locomotives under or awaiting repair 
rose from 1,257 to 1,563. This may indicate either 
growing congestion in the shops or an increase in 
repair activities. The total number of passenger 
carriages available fell from 37,305 in 1944 to 36,025 ; 
the figure for 1938 was 40,793. The number under 
or awaiting repair rose by 1,213, which may reason- 
ably be interpreted to indicate that progress was 
being made in dealing with long-deferred mainten- 
ance work. The total number of merchandise and 
mineral vehicles available was 609,256, which is 
27,859 less than at the end of 1944. There were, 
however, 19,039 more under or awaiting repair 
than at the earlier period. No doubt falling goods 
traffic enabled wagons to be withdrawn for repairs 
which had perforce been postponed under the 
difficult conditions of the war. Indication of 
improving services is given by the increase of 
passenger train miles per hour from 13-48 in 1944 
to 13-86. For freight trains, the figures were 
7-14 and 7-44. The coal consumption per engine 
mile, at 64-21 Ib., showed a slight reduction on the 
64-35 Ib. of 1944. Neither of these figures is satis- 
factory. In 1938, the average consumption was 
52-50 lb. The small improvement in 1945, was 
probably due to the increase in engine miles per 
hour rather than to improvement in quality of fuel. 
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NOTES. 


Tue Seconp Atomic Boms at BIKINI. 


PROMPTLY at 10.35 p.m., British Summer Time, 
the second atomic bomb, in the series of experiments 
organised by the United States Navy, was exploded 
in the lagoon at Bikini Atoll. It was suspended 
under water, at a depth which has not been dis- 
closed, from a landing craft moored about 600 yards 
from the old battleship Arkansas and the aircraft 
carrier Saratoga, and was detonated by radio control 
The broadcast of the event was much more clearly 
received in this country than that of the first bomb, 
the explosion being heard as a prolonged roar, 
lasting rather more than a quarter of a minute. 
Observers who were watching a television screen off 
Bikini reported that everything was obscured by a 
great cone of water, about 2,000 ft. in diameter at 
its base and a mile high, which was succeeded by a 
cloud of smoke and steam. When this cleared, it 
was found that the Arkansas and one transport had 
disappeared, and the Saratoga, the battleship New 
York, and the Japanese battleship Nagato were 
listing more or less heavily. The waves caused by 
the explosion were not of exceptional size. 


Tse InstrruTe oF FUEL. 


In a letter addressed to all members of the 
Institute of Fuel, the President, Dr. E. W. Smith, 
and the chairman of the Charter Committee, Dr. 
C. H. Lander, state that the Council of the Institute 
have received notification from His Majesty’s Privy 
Council Office that “‘the King was pleased, at the 
Council held by His Majesty on July 10, to approve 
the grant of a Charter to the Institute of Fuel. 
The Order in Council approving the draft Charter 
will be issued to the Home Office, from which 
department yot will receive a communication in 
due course.” Dr. Smith and Dr. Lander add in their 
letter that, although they are not yet aware of the 
date when the Royal Charter will become opera- 
tive, they desire to place on record their thanks, 
on behalf of the members of the Institute, to all 
those, particularly Sir John Greenly, Mr. H. A. 
Humphrey, and the other members of the original 
and present Charter Committees, including Dr. G. E. 
Foxwell, the Charter secretary, who by their con- 
tinued interest and devoted efforts have been instru- 
mental in securing the grant which has now been 
approved. The Institute is to be congratulated on 
obtaining this well-deserved distinction, which would 
have been appreciated by none more than the late 
Lord Melchett, its first President, had he lived to see 
this confirmation of his own belief in the importance 
of the study of fuel technology. 


*Brrrars Can Make It” Exarsirion. 


An exhibition, the object of which is to demon- 
strate the leadership of British goods in design, is 
to be opened at the Victoria and Albert Museum, 
South Kensington, London, on Tuesday, Septem- 
ber 24. It will remain open until Thursday, 
October 31, though the closing date may be post- 
poned until Saturday, November 23, should the 
attendance warrant it. The exhibition is being 
organised by the Council of Industrial Design, 
Tilbury House, Petty France, London, 8.W.1, and a 
conference, under the joint sponsorghip of that body 
and the Federation of British Industries, will be 
held at the Central Hall, Westminster, London, 
S.W.1, on Thursday and Friday, September 26 and 
27. At this conference papers will be read on the 
designer’s place in industry, the design of machinery, 
design and research, and design as an ally in exports. 
For the purposes of the exhibition, design is defined 
as meaning not only shape, colour, texture, decora- 
tion and visual appeal generally, but also functional 
efficiency. As regards organisation, 90,000 sq. ft. 
of gross floor area will be available, but space will 
not be sold. Moreover, there will be no stands 
representative of individual firms or industrial 
associations, but each type of commodity will be 
presented in one of three ways: In groups, either 
in specially-designed settings or in separate halls 
or sections ; in a series of some 24 rooms or, in the 
case of such displays as packaging, in a manner 
which will throw light on the significance of design 








in relation to that class of article. There will 
be a special section called ‘‘ War and Peace.” In 
this, examples of goods will be shown, which in 
design, material or method of production derive 
mainly from lessons learned during the war or 
from types of articles originally developed for war 
purposes. It was stated at a Press conference on 
Monday, July 22, that over 20,000 items have been 
submitted by 50 industries, and that 20 selection 
committees have been appointed and are at work 
making the choice of 5,000 exhibits from this total. 
Except, perhaps, in the transport, scientific instru- 
ments, radio and domestic equipment sections, the 
interest of engineers in this exhibition is likely to 
be indirect rather than direct, but it may suggest 
ideas which can be utilised in the fields of plant and 
machinery. 


CLEARING HovsE FoR ELEcTRICAL Fautt REPORTS, 


Some time ago the British Electrical and Allied 
Industries Research Association, 15, Savoy-street, 
London, W.C.2, was asked by the electricity supply 
industry to carry out the collation and statistical 
analysis of fault data obtained from undertakings 
in the British Isles. As a result, a committee, 
comprising representatives of the authorised elec- 
trical undertakings and the manufacturers, was set 
up to decide how best to perform this work. We 
understand that they have now prepared a report 
form, which, it is considered, will cover the majority 
of cases. For this purpose a fault is defined as any 
occurrence which has or may have caused damage to 
plant and between the generator coupling and the 
consumer's terminals or equipment ; or a disturb- 
ance of the supply of electricity. Defects revealed 
by inspection or test are to be considered faults, as 
is the unjustified operation of a protective relay. 
Faults considered by the undertaking as normal 
hazards or sustained on very old or obsolete plant 
are not, however, to be included. The relevant 
atmospheric conditions and any exceptional local 
conditions, such as high atmospheric pollution, 
are also to be recorded, as are the causes of the fault. 
The action taken with regard to the fault, or the 
means suggested to avoid its recurrence, are to 
be stated. This is considered a most important 
item, since it may be of benefit to the whole elec- 
tricity supply industry. We are informed that 
arrangements are now complete whereby the reports 
received by the Association will be classified in 
such a way that, on inquiry, it will be possible to 
ascertain what information is available regarding 
any particular type of fault. Arrangements have 
also been made for the issue of occasional progress 
reports, especially on certain types of apparatus and 
materials. The publication of an annual report is 
also possible. As failures of equipment often 
form a valuable step to improvement in its design, 
even the local collection of such information would 
be useful ; but the usefulness will increase in direct 
proportion to the extent to which the knowledge is 
disseminated, and it is hoped, therefore, that the 
scheme will receive widespread support from the 
industry. 


THe Wor.p’s SHIPBUILDING. 


The shipbuilding returns of Lloyd’s Register of 
Shipping for the quarter ended June 30, 1946, show 
that the total tonnage of merchant ships, of 100 
gross tons and upwards, under construction in 
Great Britain and Ireland, namely, 1,764,943, is 
not only greater by 377,650 gross tons than the 
total which was being built on June 30, 1945, but 
is the highest figure of tonnage under construction in 
British shipyards to be recorded since June, 1922. 
The figure of 1,764,943 gross tons is made up of 
195 steamers totalling 911,225 tons, 190 motor- 
ships aggregating 842,444 tons, and 27 sailing vessels 
and barges making together 11,274 tons. During 
the quarter under review, work was begun on 
329,084 tons of shipping and 374,405 tons were 


launched. The tonnage of merchant vessels under | During 


construction abroad on June 30 is given in the 
returns as 1,512,382, which is 68,441 gross tons 
less than the total recorded for March 31, 1946, 
when it was noted that no figures were available 
for Danzig, France, Germany, Japan, Poland and 
Russia. These reservations, it is pointed out, still 
apply, except in the case of France, concerning 





which country the information now included in the 
return is incomplete. The leading foreign ship- 
building countries are the United States, with a 
total of 386,583 tons ; Sweden, 190,170 tons ; Italy, 
140,887 tons; Denmark, 139,650 tons; Holland, 
132,183 tons ; Spain, 97,376 tons; Belgium, 91,204 
tons; and France, 78,066 tons. In the British 
Dominions the total of the merchant tonnage build- 
ing on June 30, 1946, was 169,673, of which Canada 
was responsible for 121,198 gross tons. During the 
quarter under review, 190,222 tons of shipping were 
commenced abroad and 221,040 tons were launched. 
The vessels being built in the world on June 30 
included 49 steamers and 51 motorships, each of 
between 6,000 and 8,000 gross tons; 38 steamers 
and 49 motorships, between 8,000 and 10,000 tons ; 
18 steamers and 30 motorships, between 10,000 and 
20,000 tons ; and five steamers and one motorship, 
between 20,000 and 30,000 tons. The last-mentioned 
five steamers, of between 20,000 and 30,000 tons 
each, are being built in this country, and the motor- 
ship in Holland. 


CONFERENCE ON FUEL AND THE FUTURE. 


A conference organised by the Fuel Efficiency 
Committee, at the request of the Minister of Fuel 
and Power, is to be held at the Central Hall, West- 
minster, London, S.W.1, on Tuesday, Wednesday 
and Thursday, October 8, 9 and 10. It will deal 
with “Fuel and the Future,” and will be opened 
at 10.30 a.m. on the first day under the presidency 
of Dr. E. S. Grumell, C.B.E., chairman of the 
Fuel Efficiency Committee. The speakers will 
include the Minister of Fuel and Power and the 
Minister of Health. In the afternoon of October 8 
and in the morning and afternoon of October 9, six 
simultaneous sessions will be held so as to afford 
adequate opportunity for the discussion of all 
branches of fuel utilisation. These will deal respec- 
tively with ‘‘ The Generation of Steam,” the general 
chairman being Sir Johnstone Wright; “Steam 
Utilisation,” general chairman, Mr. J. G. Bennett ; 
‘Heat for Drying,” general chairman, Mr. W. L. 
Boon, O.B.E.; ‘‘ High-Temperature Processes,” 
general chairman, Dr. R. J. Sarjant, O.B.E.; “The 
Carbonisation and Chemical Industries,” general 
chairman, Dr. E. V. Evans, O.B.E.; and “‘ Special 
Industries,” general chairman, Professor D. T. A. 
Townend. Among the subjects to be discussed at 
the various sessions are “‘ The Availability of Water- 
Tube Boilers,” “Shunting Locomotives,” ‘‘ The 
Training of Boiler-House and Furnace Operators,” 
“Where Everything Depends on Steam,” “ Factory 
Heating and Air Conditioning,” “* Heat for Agricul- 
ture and Horticulture,” ‘“‘ Furnace Design,” “‘ The 
Modern Gas Producer,” “ Oil Firing,” ‘‘The Gas 
Industry,” “The Coke-Oven Industry,” “The 
Chemical Industries,” ‘“‘ The Light and Heavy Clay 
Industries,” ‘“‘The Railways,” and “The Coal 
Industry.”” On the morning of Thursday, October 
10, there will be two simultaneous sessions dealing 
with ‘“‘ The Sizing and Grading of Coal” and “ Dis- 
trict Heating,” the chairmen being Mr. J. C. Gridley, 
C.B.E., and Sir Patrick Dollan, respectively. The 
final general session will be held from 2.15 to 4 p.m. 
on Thursday, October 10. The Minister of Fuel and 
Power will preside and the general chairmen will 
report briefly on the outstanding contributions from 
each sectional session. A final summing up of the 
achievements of the conference as a whole will be 
made by Dr. E. S. Grumell. Further particulars 
regarding the conference may be obtained on 
application to the Director, Fuel Efficiency Branch, 
Ministry of Fuel and Power, Queen Anne’s Chambers, 
Dean Farrar-street, London, 8.W.1. 


BrraMiIncHaM ELectricrry SUPPLY. 


An interesting example of the advantage of 
large-scale operation and the increasing efficiency 
of electric genérating plant is furnished by the 
accounts of the City of Birmingham Electric Supply 
Department for the year ended March 31, 1946. 
the year covered, the cost of coal was 
2,469,3911. If the price of this commodity had 
remained the same as it was in 1936, before prices 
began to rise considerably, the coal used would 
have cost 683,4671. The extra charge of 1,785,9241. 
a year, which these figures represent, is a serious 
sum for an organisation with a total trading-account 
revenue of 4,691,589/., but naturally it cannot be 
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attributed entirely to rising coal costs, as the units 
generated in the latter of the two years were more 
than twice as great as those of the former. Coal 
cost per unit, however, increased by four times. 
Despite this adverse condition, the average price 
per unit sold, which in 1936 was 0-986d., fell to 
0-950d. in 1946. This maintenance of a relatively 
steady selling price was certainly facilitated by the 
growing size of the business, overhead charges not 
increasing directly as output. It was also, however, 
to be attributed to increasing efficiency of genera- 
tion, which has been assisted by the coming into 
operation of the first half of Hams Hall ‘“‘ B ” power 
station, which was illustrated and described in these 
columns on February 1, 1946. An additional 
50,000-KW set in this station was brought into 
operation during the financial year and further 
extension is in progress, but it is not anticipated 
that the next machine will be available until after 
the winter of 1946. It has been possible to main- 
tain basic tariffs unchanged, but some of the larger 
customers have been affected by a coal charge. 
Total sales in 1946 were 94 million units less than 
those of 1945. This fall was entirely due to decreased 
demand from high-tension consumers, the sale of 
low-tension units increasing by 38 million. The 
decrease in the large-consumer load is no doubt to 
be attributed to the change-over from war to peace 
production in many factories. The effect may be 
only of a temporary nature; otherwise it appears 
doubtful whether it will be possible to maintain the 
existing favourable terms for domestic and small 
consumers. As it is, the average price per unit 
sold, which, as already quoted, was 0-950d., may 
be compared with the price of 0-819d. in 1944. 
Presumably, the extra charge which the 1946 figure 
represents has been carried by the large consumers 
and if their demand is not maintained it would 
appear that some part of the added coal charge will, 
sooner or later, have to appear in basic tariffs. This 
state of affairs is not peculiar to Birmingham, but 
applies to most, or all, undertakings. In the long 
run, the cost of electricity supplies will be con- 
siderably influenced by the activities of the National 
Coal Board. 


British INLAND WATERWAYS. 


For many years past, two of the three means of 
intercommunication in Great Britain, road and 
rail, have received constant and concentrated 
attention, while the third—the inland waterway— 
has been, it is not too much to say, grossly neglected. 
The river and the canal played, at one time, an 
important part in the country’s economic and social 
life but it can hardly be expected that this lost 
position can be wholly regained. At the same 
time, there is no excuse for allowing such an asset 
as inland waterways still form to decay further 
than it has done already. Possibly the real reason 
for the neglect is that the maintenance, develop- 
ment and use of rivers and canals, both for water- 
borne traffic and for national amenities, have, in 
these latter days of planning, been the business of 
nobody in particular. Such an apathetic state of 
affairs should not be allowed to continue and we 
are glad accordingly to record that a step towards 
ending it has been taken by the formation of an 
Inland Waterways Association which, it is stated, 
is to be specifically devoted “‘ to the task of protect- 
ing inland waterways from neglect or from the 
effects of ill-considered industrial 4nd urban 
development.” The organisation is not primarily 
of a technical nature, and membership therefore 
requires no professional qualifications ; it is open to 
anyone who is interested in its aims and objects 
and prepared to further them. These desiderata are 
detailed in a booklet, The Future of Waterways, 
obtainable, together with the necessary membership 
application form, from the honorary secretary, 
Mr. L. T. C. Rolt, at the Association’s headquarters, 
11, Gower-street, London, W.C.1. We understand 
that a journal will be published periodically for 
distribution to members and for sale to the general 
public. It is claimed that no publication has 
hitherto existed which has been wholly devoted to 
the subject of inland waterways. It is the intention 
also, at a later date, to arrange for reprints of such 
literature as exists on the subject, but which has 
long been out of print. 


OBITUARY. 


MR. H. H. ASBRIDGE, M.B.E. 


Ir is with regret that we record the death of Mr- 
Harry Hales Asbridge, which occurred on July 12; 
at Ashton-on-Mersey. Mr. Asbridge, who was a 
director of The Churchill Machine Tool Company, 
Limited, Broadheath, near Manchester, was born 
at Gorton, Manchester, on April 28, 1875. He 
received his education at Christ Church School, 
Hulme, Manchester, and, in 1890, entered the 
Ordsal Works of Hulse and Company, Limited, 
Manchester, as an apprentice, meanwhile continuing 
his engineering education at Manchester Technical 
School. On completing his time in 1896, Mr. 
Asbridge continued in the employ of Hulse and 
Company until 1900, when he was appointed operator 
in a small works which the Cleveland Automatic 
Machine Company, of Cleveland, Ohio, U.S.A., 
had established in this country for the demon- 
stration and sale of their automatic machines. This 
establishment was shortly afterwards taken over by 
Messrs. Charles Churchill and Company, Limited, 
and, in 1902, Mr. Asbridge was made tool-room 
foreman. Four years later, when The Churchill 
Machine Tool Company, Limited, was formed, he 
was appointed works manager. 

At this period of his career Mr. Asbridge designed 
a 6 in. by 34 in. plain grinding machine of precision 
type, and The Churchill Machine Tool Company 
proceeded to extend the construction of these 
machines at their works at Frederick-road, Pendle- 
ton. During the war of 1914-1918, Mr. Asbridge 
was instrumental in overcoming a number of 
difficulties that arose in the manufacture of thread 
gauges and in the hardening of paravane blades for 
anti submarine-mine service. For his services 
in this connection he was awarded the M.B.E. When 
peace was restored in 1918, Mr. Asbridge designed 
a wide range of precision machines for grinding 
carriage and locomotive axle journals, locomotive 
crankpins, and for other railway-workshop purposes. 
He was a pioneer also in the design of machines 
for roll grinding. In 1923, Mr. Asbridge was 
appointed a director of The Churchill Machine 
Tool Company. He became a member of the 
Manchester Association of Engineers in 1908 and 
served as President in the 1944-45 session. He was 
elected a member of the Institution of Mechanical 
Engineers in 1913 and was the author of several 
papers on the subject of precision grinding. 





LETTER TO THE EDITOR. 
‘* ENGINEERING ”’ FOR THE 
FORCES. 


To THE Eprror oF ENGINEERING. 


Sir,—We are attempting to build up an effective 
library and reading room. The end of war, with 
its resultant inactivity and the prospect of a return 
to civilian occupation, has created a demand for 
reading material of all kinds which we are quite 
unable to satisfy. We should be grateful, therefore, 
if you could put us in touch with a reader who 
would be willing to forward to us his used copy of 


ENGINEERING. We can assure him it would be 
well appreciated. 
Yours faithfully, 
B. Price, 
The Library, 1151331, Sergeant. 
25 Fd. Regt., R.A., 
B.A.O.R. 
July 13, 1946. 





POWER STATION ARCHITECTURE.—According to the 
seventh report of the Royal Fine Art Commission, 
which covers the period 1937-45, arrangements have 
been made that in future plans of new generating stations 
shall be submitted to that body at an early stage; and 
that an architect shall be appointed to collaborate with 
the engineer from the outset. In 1945, the Commis- 
sioners’ advice was sought with regard to new power 
stations at Bromborough, Ipswich, Poole and Croydon, 
and they are pleased to note that the plans reached a 
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THE EFFECTS OF 
TORSIONAL VIBRATION. 
By W. Ker Witson, D.Sc., M.I.Mech.E. 


THE insidious nature of torsional vibration and 
the fact that unskilful treatment is apt to be costly. 
both in time and material, represent, in themselves 
sufficient justification for the mustering of resources 
for inquiring into this department of engine dyna- 
mics; while the possibility of improving both 
analytical treatment and experimental method is an 
additional incentive. Furthermore, it is probably 
true to say that no single aspect of engine dynamics 
has evoked so much literary effort, and this, in 
conjunction with the important advances made in 
instrumentation in recent years, renders a critical 
survey of existing knowledge particularly appro- 
priate at the present time. The report* recently 
published in the United States by the Society of 
Automotive Engineers, which was prepared by a 
special committee served by six sub-committees, 
presents the experimental and analytical methods 
used by the research departments of a number of 
leading American Diesel-engine manufacturers in 
investigating and applying means for controlling 
torsional vibration. This work was undertaken in 
response to a request from the United States Navy 
for the advisory co-operation of the Society of Auto- 
motive Engineers in the development of improved 
| means for evaluating the effects of torsional vibra- 
tion in internal-combustion engine installations. 

The greater part of the report consists of tech- 
nical papers which discuss experimental methods 
for measuring torsional vibration, methods for 
determining and estimating torsional vibration 
| stresses, and means for reducing those stresses. 
|The characteristics of some well-known types of 
instrumentation are discussed, and some interesting 
newly developed torsiographs and torsiograph cali- 
brators are described and illustrated. Attention is 
given to various short-cut methods for calculating 
natural frequencies, and for determining those fre- 
quencies rapidly by the use of electrical and mech- 
anical analogies. Special consideration is given to 
a distributed-mass method of frequency calculation. 
The increasingly popular experimental procedure of 
fatigue-testing full-scale parts is explained by several 
companies with the aid of diagrams and photographs 
of fatigue equipment ; and the significance of the 
relationship between nominal and actual stresses, 
and experimental methods for determining stress 
concentration factors are examined. The design, 
construction, and application of representative 
types of torsional-vibration dampers and absorbers 
are discussed, and this part of the report contains 
an extensive treatment of the theory of the rotating- 
pendulum vibration absorber, including the case 
where the pendulum mass swings through large 
amplitudes. The report concludes with an appendix 
containing suggested specifications for torsiographs, 
which instrument makers will find of considerable 
interest ; a suggested form for summarising tor- 
sional vibration data and calculations; and sug- 
gestions for further work. 

The whole of the work has been planned and 
carried out with commendable enthusiasm, and, 
despite the vast amount of published information 
already available on the subject, the committee 
have succeeded m presenting in this report a con- 
siderable amount of material of topical interest and 
value. There is no doubt that engineers, designers, 
and research assistants confronted with torsional- 
vibration problems will find much helpful guidance 
in its 578 pages. 

About one-third of the report is devoted to dis- 
cussions on instrumentation, and few will question 
the conclusion that the directly-coupled polar-type 
mechanical torsiograph is a simple and robust 
instrument, capable of much useful work under the 
conditions encountered on board ship. This type 
of instrument is also a handy production tool for 
checking the tuning of vibration dampers and 
absorbers, and it has been used in this capacity by 
at least one automobile manufacturer in this 
country. It is interesting to recall that, as far back 








* Evaluation of Effects of Torsional Vibration. Report 
of the Society of Automotive Engineers, 29, West 





standard of design which was encouraging. 
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as 1912, an instrument of this type was adopted 
by @ continental oil-engine manufacturer and was 
subsequently developed into a reliable and robust, 
piece of equipment for use in torsional-vibration 
investigations on board ship.* 

Other familiar types of polar recording instrument, 
not mentioned in the report, are the Junkers mecha- 
nical torsiograph and the R.A.E. Mark Va optical 
torsiograph,t both used extensively at one time for 
torsional-vibration investigations on aeroplane power 
plants. Within their limitations these polar record- 
ing instruments, whether of the mechanical or optical 
type, have much to commend them, but for detailed 
analysis—particularly in the more complex installa- 
tions—an instrument giving a continuous record 
over @ large number of working cycles is required. 
The instruments in this latter class, which were 
selected by the committee for examination, were 
the normal Geiger mechanical torsiograph, the 
(.E.L. high-speed mechanical torsiograph, the 
M.1.T.-Sperry electromagnetic pick-up unit, and 
the ingenious General Motors phase-shift torsio- 
graph. 

This is a fairly representative selection, though 
it may be questioned why a normal instead of a 
high-speed Geiger instrument was used for com- 
parison with the C.E.L. high-speed torsiograph. 
The effective measuring capacity of the normal 
Geiger torsiograph covers the range 150 to 2,000 
cycles per minute, with an amplitude and speed 
limitation of +4 deg. and 2,000 r.p.m., respec- 
tively, whereas the corresponding values for the high- 
speed Geiger instrument are 2,000 to 5,000 cycles 
per minute, + 3 deg., and 8,000 r.p.m. The effec- 
tive measuring ranges of both Geiger instruments 
can be extended by taking special precautions. In 
particular, the lower frequency limit of the normal 
instrument can be depressed to 30 cycles per minute 
by the use of a supplementary mass, thus rendering 
it suitable for recording the low-frequency one-node 
vibrations of the propeller shafting of large directly- 
coupled marine installations—a type of investigation 
which is not discussed in the report. The high-speed 
Geiger torsiograph is described in the present 
author’s book, Practical Solution of Torsional 
Vibration Problems. 

From the point of view of British readers it is 
perhaps a matter for regret that the report does 
not discuss the merits of the D.V.L. mechanical 
torsiograph, and the Stansfield electromagnetic 
pick-up unit. The D.V.L. instrument§ is a type 
which has been used extensively on the Continent 
for investigations on aeroplane and automobile 
power plants. It has a measuring range of 400 to 
20,000 cycles per minute, with continuous recording 
on 9 mm. wide celluloid film. The Stansfield 
instrument} is a type which has become very | 
popular in this country for all classes of work, since 
its frequency range can be extended down to 
200 cycles per minute by the use of a supplementary 
mass. 

The report rightly touches on the need for further 
information on the interpretation, in terms of shaft 
stress, of the records obtained from these seismic- 
type torsiographs. This interpetation is not always 
so straightforward as appears to be popularly 
believed and an extensive study of the problem{] 
has shown that considerable caution is ni 
in certain cases, due to the influence of the “‘ rolling ” 
component of the motion which corresponds to the 
zero root of the frequency equation for a “ free- 
free’ system. Experience has shown, for example, 
that, when determining the torsional-vibration 





* ‘Causes and Prevention of Vibration in Motor 
Ships,” by R. Sulzer. Trans. J.N.A., vol. 72, page 155 
(1930). 

+ “The R.A.E. Mark Va Torsiograph.” R. & M. 
1762, H.M. Stationery Office, Kingsway, London, W.C.2. 

t Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. 2nd edition (1941). 

§“The D.V.L. Torsiograph: an Instrument for 
Measuring Torsional Vibration in Transport Engines,” 
by A. Stieglitz. D.V.L. Yearbook (1931). 

“The Measurement of Torsional Vibrations,” by 
R. Stansfield. Proc. I. Mech. E., vol. 148, page 175 
(1942), and vol. 150, page 17 (1943). 

{ “Torsional Vibration Amplitudes at Non-Resonant 
Speeds, with Special reference to the Interpretation of 
Torsiograph Records,” by W. Ker Wilson. Proc, 


stress in the propeller shafting of a marine installa- 
tion for the -one-node mode of vibration, more 
accurate results are usually obtained by taking 
seismic records at the propeller rather than at the 
engine end of the installation. These difficulties 
are removed by using direct strain-measuring 
equipment, or by using two seismic instruments 
at different points in the shafting in conjunction with 
phase-indicating equipment, so that the relative 
strain can be determined. The latter arrangement 
is particularly useful for investigations of the one- 
node vibration of the long propeller shafting of 
marine systems. 

The electrically strain-sensitive resistance wire 
gauge is undoubtedly the most attractive of all the 
available direct strain-measuring methods. This 
equipment can be used from zero frequency up to 
frequencies far above anything likely to be of 
practical interest in investigations on engine systems. 
It has the further great advantage that a whole 
series of strain gauges can be employed at a given 
location, enabling torsional, bending, and axial 
strains to be recorded independently and simul- 
taneously ; thus a technique is available which is 
capable of resolving such outstanding problems as 
the question of the distribution of stress in the 
various sections of a crankshaft, or the true nature 
of the combined torsional, flexural, and axial 
vibration of a crankshaft. The task of applying 
the strain gauges in the required positions, and the 
problem of accommodating the leads to the slip-ring 
assembly, are not always straightforward, but the 
effort required to overcome such difficulties would 
appear to be well worth while. It is interesting, 
therefore, to find that the report contains an account 
of a successful test on an engine crankshaft where 
strain gauges were mounted on both a crankpin 
and a journal. 

It would appear to be quite feasible to use the 
General Motors phase-shift torsiograph for measuring 
strains, by employing two units in conjunction with 
appropriate phasing equipment; while the R.A.E. 
capacity-type torsiograph* has been used quite 
extensively in this country for measuring vibratory 
strains in aero-engine propeller shafts. 

In the portions of the report which deal with 
methods of calculating vibration frequencies and 
stresses, the torque-summation table—also known 
as the “‘ Lewis ” or “ Holzer ” table—attracts some 
criticism on the score of the labour involved. Ever 
since this method was introduced, there has been 
no lack of effort directed towards finding an alter- 


remains the popular method because it provides a 
clear insight into fundamentals and, if used intelli- 
gently, the labour involved is not excessive. Only 
a single tabulation is necessary if the torque- 


| summation table is regarded as a means for tuning 


the system to an appropriate frequency. Used in | 
that way, the procedure is, firstly, to select the | 
natural frequency which offers the best overall | 
solution for the particular case in hand, and, 
secondly, to choose one of the principal inertias | 
or flexibilities as an adjustable variable. The table | 
is then completed in the usual way, the adjustable 
variable being represented by a symbol. Its 
magnitude is determined by equating the last 
torque summation to zero. The provision of an 
adjustable variable has the further advantage that 
it represents a means for adjusting the tuning 
of the system after it has been built. Individual 
investigators will doubtless continue to develop 
certain useful short-cut methods, applicable to 
their individual problems, but, for the most part, 
these methods will have rather a limited applica- 
tion. 

The effective-inertia method of determining 
frequencies receives rather scanty mention in the 
report and this is rather surprising, bearing in mind 
the great value of this method, particularly for 
dealing with the more complicated systems. A simple 
description of the method is given in the present 
author’s book, mentioned above, and it: is becoming 
increasingly popular in this country and elsewhere 





* Symposium on Modern Aids in the Investigation 
of the Behaviour of Materials, Mechanisms, and Struc- 
tures. (Paper 2—‘‘ Capacity Gauges,”’ by B. C. Carter, 
J. F. Shannon, and J. R. Forshaw.) Proc,I.Mech.E., 





I. Mech.E., vol. 153 (War Emergency Issue No. 3). 





vol. 152, page 215 (1945). 


for routine calculations of natural frequencies of 
complex systems, such as aero-engine propeller 
installations, where the coupling between propeller 
flexural and shaft torsional vibrations must be 
taken into account,* or in geared systems having 
several branches. It is also the preferred method 
for determining the optimum tuning of vibration 
dampers and absorbers, including the rotating- 
pendulum vibration absorbert and the tuned and 
damped absorber, employing either steel or rubber 
springs. t 

Incidentally, there are a number of important 
factors influencing frequency determinations which 
still await full elucidation, especially in connection 
with investigations on highly developed power 
plants. These include the determination of the 
effective torsional stiffness of a crankshaft under 
running conditions, taking into account bearing 
clearances, crankcase flexibility, and the distortion 
of the shaft itself under load; the determination 
of the effective torsional stiffness of gearing assem- 
blies of various types, taking into account gearcase 
flexibility and tooth backlash ; and the true signi- 
ficance of the “ node-at-gears ’’ modes of vibration 
in systems having two or more identical branches. 
The indications are that a considerable amount 
of experimental exploration will be 
before there is a better understanding of these prob- 
lems, and that this should include the determination 
of the effective inertia curves for engine crankshaft 
and gearbox assemblies by the experimental methods 
already used so extensively for determining the 
tuning curves of airscrews. 

The report discloses no fundamentally new 
thoughts on the determination of torsional-vibration 
amplitudes and stresses. In particular, no further 
insight into the elusive problem of engine damping 
is provided. This being so, it will be a matter for 
| regret by many readers that greater use was not 
| made of the opportunity afforded by the project 
|for collecting and collating information on the 
| predicted and realised performances of a large 
|number of engine installations of various types. 
| Incidentally, a survey of this nature should include 
|information on performance under transient as 
| well as steady state conditions, since an important 
| aspect of torsional-vibration studies is the question 
| of the stress which can be allowed when passing 
| through a significant critical zone during starting or 
| stopping. According to information from conti- 
|mental sources, the practice of some continental 
| oil-engine manufacturers is to allow a transient 





native but, up to date, the torque-summation table | stress of + 14,000 Ib. per square inch, compared with 


a permissible steady state stress of + 5,000 lb. per 
| square inch. 

A necessary preliminary to such an analysis is, 
| of course, the establishment of a generally acceptable 
| standard method of performing the calculations, 
and this would appear to be a legitimate and 
fundamental task of a committee charged with the 


| duty of placing torsional-vibration theory on a sure 
| foundation. 


The value of the torsional vibration 
Summary Form suggested in Section D of the report 


| is considerably reduced ; for example, if each contri- 
| butor is allowed a free choice of method. It appears 
| desirable, therefore, that any authoritative form 
| of this nature should be accompanied by an instruc- 
| tional sheet giving a clear indication of the methods 
|to be employed, including the values of the har- 


monic torque coefficients to be used for different 
types of engine. This standardisation of methods 
is a measure which is long overdue, since only in 
this way will it become possible for one investigator 
to make useful comparisons between his work and 
the results obtained by others. 

There is much to be said for adopting the rela- 
tively simple “‘ equilibrium amplitude ” and “ dyna- 
mic magnifier’ method for determining torsional- 
vibration stresses. This method has been described 





* “Coupled Engine Torsional and Propeller Flexural 
Vibrations,” by J. Morris. Proc.I.Mech.E., vol. 153 
(1945). (War Emergency Issue No. 3.) 

+t “Elements of Pendulum Dampers,” by R. W. 
Zdanowich and T. 8. Wilson. Proc.I.Mech.E., vol. 143, 
page 182 (1940), and vol. 144, page 217 (1940). : 

t “Some Practical Applications of Rubber Dampers 
for the Suppression of Torsional Vibrations in Engine 
Systems,” by R. W. Zdanowich and J. E. Moyal. Proc. 
I.Mech.E., vol. 153 (1945). (War Emergency Issue No. 3.) 
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on several occasions.* The first and third of these 
references give the following simple expression for 
the dynamic magnifier at resonance for modes of 
vibration where engine damping is the principal 
limitation on vibratory amplitudes : 


M=AVfy 


where M=dynamic magnifier at resonance ’ 
fo = equilibrium stress at the most highly stressed 
section of the shaft; and A =a constant deter- 
mined experimentally, which may have different 
values for different types of installation. This 
simple empirical formula would appear to merit 
serious consideration, since it has been used quite 
extensively in this country, with considerable 
success. 

The report contains a valuable collection of 
diagrams showing the values of the resultant 
harmonic torque coefficients for various types of 
engines and for variations of mean indicated pres- 
sure. No mention is made, however, of the inter- 
esting fact that, for a four-stroke cycle petrol 
engine, there is a simple relationship which holds 
very nearly for all orders higher than the second. 
This simple relationship is as follows :— 

if 


ar 
where T, =the nth order resultant harmonic 
torque coefficient in pounds per square inch; P = 
mean indicated pressure in pounds per square inch ; 
and n = order number: orders 2-5, 3, 3-5, etc. 

A notable omission from this section of the report 
is the absence of guidance on the selection of firing 
order of multi-cylinder engines. This is a well- 
known expedient for reducing torsional vibration, 
and a review of American practice would have been 
of great interest to readers. Indeed, this aspect of 
the torsional-vibration problem merits a section to 
itself ; in which connection it is of interest to recall 
that a book has been devoted entirely to this 
subject. 

The sections of the report which deal with vibra- 
tion dampers and absorbers will be of particular 
interest to automobile engineers, since they contain 
some interesting information on the development 
and practical application of such well-known types 
as the General Motors harmonic balancer, and the 
Chrysler Corporation bonded-rubber damper. A 
particularly valuable contribution is the section 
containing a theoretical treatment of the rotating 
pendulum absorber, including an investigation of 
the effect of large angles of swing of the pendulum 
mass. It is unfortunate, however, that the presenta- 
tion in the report is not easy to follow, and, from 
the point of view of the student, an exposition of 
the underlying principles, with the aid of a simple 
two- or three-mass system, would have been of 
great assistance. 

A notable omission from the subject-matter on 
vibration absorbers is the absence of any reference 
to the Bibby detuner. This device has been used 
extensively in this country on all types of engine 
installations, ranging from large slow-speed directly- 
coupled marine oil engines to small high-speed 
highly-developed aero-engines. In appropriate 
applications, it is capable of reducing the torsional 
vibration stress at all speeds to a value well below 
+1,000 lb. per square inch, and it is now a standard 
feature of a leading British marine oil engine.f 

Finally, the sections of the report dealing with 
stress concentrations at discontinuities, such as 
shaft fillets and oil holes; residual stresses; and 
surface treatments, such as shot-peening and 
nitriding, would have been considerably enhanced 
in value if the opportunity had been taken to 
include « critical survey of the more important 
contributions to the very considerable literature 
now available on these subjects. A great deal of 





* Practical Solution of Torsional Vibration Problems, 
by W. Ker Wilson; “ Torsional Vibration Amplitudes of 


Marine Diesel Installations,” by J. Lockwood Taylor, 
ENGINEERING, Vol. 131, page 694 (1931); and “ Torsional 
Vibration in Automobile Engine Crankshafts,” 
W. Ker Wilson, Jl. I.A.E., vol. IV, No. 1 (1931). 

t “ Oil Engine Dynamics, with special reference to 
Opposed-Piston Engines,” by W. Ker Wilson. 
I.Mar.E., vol. 58, No. 5 (1946). 
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work has been carried out in this field in the research 
laboratories of the British Motor Industries Research 
Association, and much useful information has also 
been obtained from continental sources. The 
absence of a list of symbols, the occasional difficulty 
in ms whether “‘ amplitude X°” means + X° 


or mf and, from the British reader’s point of 


view, the reference to specialities such as the 
“* Proferall”” crankshaft, mentioned on page 177, 
and the “Thomas” coupling stiffness motor, 
mentioned on page 567, which are not well known 
on this side of the Atlantic, are minor blemishes in 
an otherwise admirable production. 








ELECTRICITY SUPPLY IN ITALY. 


Mucg has been written during the past few months 
regarding the problem of the Italian electricity indus- 
try, in connection with the negotiations for the conclu- 
sion of the Peace Treaty in Paris. 

To understand the anew position of the industry, 
it is necessary to compare the figures for the output of 
electricity in Italy in recent years with the latest 
returns. These statistics are summarised in Table I, 
herewith, which also contains the figures for the 
comparative outputs during the first quarter of 1945 
and 1946, respectively. 

It will be seen that, in proportion, the decline in 
the output of electricity has been most noticeable in 


TABLE I.—ELecrriciry SUPPLY 





in southern Italy, where only 45 per cent. of tho 
installed plant capacity was operating. All the scam 
plants of the Societa Elettrica Selt-Valdarno, and lj 
their hydro-electric plants except one (Nera Montoro), 
have been destroyed ; 94 per cent. of the plant capacity 
of the Societa Romana di Elettricita is out of action ; 

the Terni Electric Company have had all their stations 
badly damaged; the capacity of the Societa Meri. 
dionsle di Elettricita is reduced by 60 per cent. ; and 
the Azienda Elettrica Comunale of Rome, the Ente 
Autonomo Volturno, and the Larderello Steam Plants 


TABLE III.—Generating Plant in Central and Southern 


























Italy. 
Central Italy. | Southern Italy. 
77 At Per cent.| At Per Cent 
Dec. 31, of Dec. 31, 
1945. 1942. 1945. 1942 
! —_—— — 
1 
Effective bydro-clestric | | 
plant kW | 323,708 | 49-5 | 224,168 2 
Average yearly ca | 
city . 1o* kWh 1,547 | 52-0 | 835 | 48-4 
Effective steam-electric | 
plant . kW 68,368 | 25:0 | 45,639 | 61-s 
! 





Company have had all generating sets destroyed. The 
state of the electric generating plants in central and 
southern Italy at the end of 1945 is summarised in 
Table IIT 

These figures show that, during 1945, much recon- 
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| ‘ | Jan.-March. Jan.-March, 
—— 1941. 1944. | 1945. 04s. sees. 
Hydro-electric power : | 
‘Northern Italy 12,213,697 9,320,001 8,853,476 | 2,196,991 | 2,334,973 
Central Italy 2,657,195 916,212 26,500 | 167.196 | 372,644 
Southern Italy 1,842,549 791,877 995,056 249,618 303,574 
Italian islands 255,122 214,752 176,369 76,875 56,475 
16,968,563 | 11, 242, 842 | 10,951,401 2,690,680 3,067,666 
Steam tery RE ee Se eee ill eaididlh es in tT be | oe 
Northern Italy 163,373 74,993 9,596 | 425 73,912 
Central Italy 606,764 345, 445 118,899 30,392 46,346 
Southern Italy | 617 38,275 63,703 19,849 16,363 
Italian islands | 177,050 93,661 152,164 | 15,810 39,393 
947,804 552,377 | 344,302 66,476 176,514 
Total output : | Pesci det- tet ee a nd 
Northern Italy .. mt As ne ..| 12,377,070 9,394,904 \ 8,863,072 2,197,416 | 2,408,885 
Central Italy 3,263,959 1,261,660 | 1,045,399 197,588 413,990 
Southern Italy | 1,843,166 830,152 1,058,759 269,467 | 319,937 
Italian islands | 432,172 308,413 | 328,533 | 92,685 96,363 
Total produced in Italy | 17,916,367 795,219 | 11,205,763 | 2,757,156 | 3,248,180 
Total imported power 231,943 30,517 | 7,361 6,867 3,217 
} -— a 
Grand total 18,148,310 11,825,736 | 11,303,124 | 2,764,023 | 3,247,397 





central and southern Italy, because of the greater 
damage caused in those areas by the war ; but, actually, 
the situation has not been so much better in northern 
Italy, as the north Italian plants have had to supply 
current to the central and southern provinces, so that, 
even in northern Italy, there has been a shortage of 
power. In connection with the problems to which 
this shortage gives rise, and especially in view of 
Italy’s difficulty in obtaining coal supplies, two factors 
have to be taken into consideration, namely, the effect 
of the above-mentioned war damage upon the industry, 
and the possibility that, in consequence of the eventual 
Peace Treaty, some Italian generating plants, situated 
in the frontier districts, may be transferred to other 
countries. 

The comparatively slight war damage to the hydro- 
electric plants in northern Italy is shown by the 
figures in Table II, herewith, which relate to the 


TABLE Il.—Hydro-Electric Plant in Northern Italy. 





Installed Capacity. | Effective Capacity. 














kVA. |PerCent.} kW.  /|Per Cent. 
Total . .|5,748,794 | 100 3,868,649 | 100 

a nes ‘destroyed or 

607,783 | 10-6 378,777 9-8 

5,141,011 89-4 |3,489,872 90-2 

Capacity repaired 66,337 1-1 41,940 1-2 
Effective cageatty at 

April 30, 1 . |5,207,348 90-6 |3,531,812 91-3 
Capacity th, of - ae 

at April 30, 1945 541,446 9-4 336,837 8-7 














position at the end of April, 1945. It will be seen that 
at that date, less than 10 per cent. of the installed 
capacity in northern Italy been damaged. The 
situation was very different in central Italy, however, 
where only 10 per cent. of the plant was effective, and 








struction work has been carried out in central and 
southern Italy; but the substations and distribution 
lines also were badly damaged. This made it very 
difficult to meet the demand for current; though 
the industrial load was much less, the heating and 
traction requirements had increased because of the 
shortage of coal. In addition, during the 1945-46 
period, there has been a shortage of water power which 
prevented Italian electric companies from accumulating 
reserves of water for the hydro-electric plants. In 
order to balance the increased shortage of power in 
central and southern Italy, therefore, arrangements 
were made for the northern electric plants to supply 
current to the central and southern provinces. Though 
this was possible during last winter, the situation 
threatens to be rather critical next winter with the 
resumption of the industrial load; for example, the 
Italian textile industries are back to the production 
level of 1939, the metal industry is planning to produce 
no more Siemens-Martin iron and steel, but only 
special electric steels, the output of which should be 
increased to 2,000,000 tons yearly, and there are pros- 
pects of a full resumption of the activity of the chemical 
industries. It is expected that, in these circumstances, 
at the end of 1946, the demand will have risen to 
16,000 million kWh yearly, against a present output 
of 14,000 million kWh. 

For this reason Italian industry is following with 
keen interest any developments in regard to the 
Peace Treaty which might lead to the transfer 
to foreign countries of frontier territories in which 
important hydro-electric power oo are located. 
According to estimates from Ita official sources, 
there is in the Alto Adige some 10 per cent. of the 
total Italian electric capacity, in the Isonzo Valley 
(Venezia Giulia), 10 per cent., in the Roja valley, 
30 per cent. of the consumption of the provinces of 
Genoa, Savona and Sampierdarena, and at the Mon- 
cenisio Lake, 5 per cent. of the total output of north- 
west Italy. Evidently, therefore, should the Peace 
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Treaty transfer no more than the Isonzo valley, the 
Roja valley and the Moncenisio Lake electric plants 
to other ownership, the capacity of the Italian electric 
power industry would drop to about 12,000 million 
kWh per annum, against a probable demand for 
16,000 million kWh. There is the additional point 
that, in consequence of the shortage of coal, the 
Italian State Railways Administration has decided 
to electrify the Venice-Milan-Turin, Padova-Bologna, 
Domodossola-Milan-Mortara-Genoa and Florence-Pisa 
railways, which will involve a further heavy demand 
for current. Against this, the Associazione Nazionale 
Imprese Distribuzione Energia Elettric. has worked 
out a programme for the construction of new hydro- 
electric plants which would allow a gradual increase 
of the total output as follows: the stations which 
might be completed in 1946 would increase the total 
by 265 million kWh, with subsequent increases in 





1947, bringing the total to 1,014 millions, in 1948, to 
2,052 millions, in 1949, to 2,490 millions, and in 1950, 
to 4,475 million kWh. 

From the above figures, it is evident that only by 
1950 would the Italian electric-power industry be able 
to develop an output likely to cover the power require- 
ments of the country. There is the chance that this 
estimate might be improved upon, because in the 
Alto Adige there are greater possibilities of exploiting 
hydro-electric power by regulating the lower course of 
the Adige River, from which at least 3,000 million kWh 
yearly could be obtained ; but the companies maintain 
that this can only be done if they are allowed to 
increase their charges. Otherwise, it is stated, they 
would not: be able to obtain the necessary capital to 
build the new plants. It remains to be seen whether 
this application for an increase of prices will be 
to justify nationalisation of the industry. 
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THE MONARCH ‘“ SPEEDI-MATIC ”’ 
LATHE. 


Tue lathe illustrated in Figs. 1 to 3, on this page, is a 
characteristic example of modern American machine 
tool practice, being manufactured by Messrs. Monarch 
Machine Tool Company, Sidney, Ohio, U.S.A., and 
having electrical equipment for effecting speed changes 
rapidly. The lathe, which is known as the 10-in. 
Speedi-matic manufacturing lathe, as its title indi- 
cates, is capable of high speeds, is partly automatic, and 
is intended for repetition work. It is essentially a 
turning lathe, the spindle not carrying a face plate, 
and its capacity is indicated by the fact that the bore 
of the spindle wil! accommodate bar stock up to { in. 
in diameter, the maximum length of component that 
can be handled being 10 in. It will be clear from Fig. 1 
that there is a cross-slide with both front and rear tool 
posts and a saddle of the ram type carrying a hexagonal 
turret. The cubicle seen behind the saddle houses the 
electrical equipment for effecting the changes in spindle 
speed; the changes can be pre-selected, and range 
from 50 r.p.m. to 5.000 rp.m. <A portion of this 
cubicle is seen on the right on Fig. 3, which shows 
the turret saddle and the adjustable stop gear. The 
speed changes being effected electrically involves the 
use of direct-current, and since only alternating- 
current is generally available the drive is provided 
with a motor-generator set for this conversion, the 
spindle being driven by a 3-h.p. motor through 
V-belts. A view of the driving gear with the end 
covers removed is given in Fig. 2. The feed gearbox 
can be identified in this view by the feed shaft leading 
to the saddle. 

There are six feed changes in the saddle apron, 
selected by the two short levers seen at the side of it. 
These levers are provided with graduated collars so 
that they may be set in specific angular relation to one 
another according to the indicating letters tabulated 
against the different feeds on the plate seen on the 
gearbox in Fig. 1. A further change is, however, 
available, as the feed shaft may be run either at a high 
or a low speed by manipulation of the lever to the 
left of the plate. There is thus a range of 12 feeds 
of between 0-0005 in. and 0-016 in. per spindle revolu- 
tion, this range covering any type of work within the 
capacity of the machine. It will be realised, however, 
that while the feeds are power-operated, the saddle is 
traversed up to the work manually by the capstan wheel 
visible on it, the feed affecting the ram carrying the 
turret and not the saddle itself. The indexing is done 
in the customary way by a rotating stop bar with six 
stops ; the stops are carried on hinged brackets on the 
stop bar and are adjustable for length to suit the 
component to be machined. The stops, however, do 
more than determine these lengths, since on the return 
stroke they actuate a finger on the box seen attached 








to the saddle in Fig. 3, the contact automatically 
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changing the spindle speed to suit the particular opera- 
tion to be done by the tool which comes next into 
operation. 

It does not follow that a particular speed is invariably 
connected with a particular turret face ; the a priate 
speed can be pre-selected by the panel of the cubicle 
of the electrical equipment. This panel controls the 
potentiometers and other electrical equipment for the 
change of spindle speed. It contains ten pre-selecting 
control stations with the necessary switches, etc. Six 
of these stations are allocated to the six faces of the 
tarseig) - ~ — to ~ front and rear tools of the 
cross slide, and two for other purposes, such as providi 
suitable speeds, either forward or reverse, for ta) —e.. 
and screwi A re-set knob on the saddle control box 
enables the whole panel to be returned to its original 
condition when a cycle has been completed, so that the 
first operation of the new cycle is automatically repeated, 
and so on, as long as the same kind of component is 
being machined ; then, the speed changes are automatic- 
ally made in the pre-determined sequence. The cross- 
slide is employed for form turning, » or such 
operations as require transverse movement of the tool. 
Both front and rear tool posts are mounted on the slide, 
and the tools of either post can be used at will by turning 
a handwheel through an are of about 100 deg., the direc- 
tion of rotation of course determining which tool is to 
be used. The tools are fed in manually at the appro- 
priate rate, but the operator does not need to concern 
himself with regard to withdrawal ; as soon as the cut 
is finished, release of the handwheel causes the cross- 
slide to take up a neutral position, this self-centreing 
provision automatically ensuring that the turret tools 
are not interfered with on the next movement of the 
saddle. 

The stock is fed through the spindle by an air- 
operated device, the length being determined by a stop 
on one face of the turret. The opening and closing of 
the collet to grip and to release the stock is effected by 
hand. The spindle speeds for use when the cross-slide 
is being employed, as already stated, are pre-selected 
on the control panel. Some notes on the general con- 
struction of the machine may be included here. The 
bed is a single casting designed with a view to ensuring 
stiffness and maintenance of alignment of the ways, and 
is made of a cast iron containing about 30 per cent. of 
steel. The ways are flame-hardened and precision 
ground. The spindle is made from a high-carbon steel 
and is hardened in an electric furnace and ground ; it 
is mounted in precision ball bearings. All the moving 
parts in the feed gearbox are similarly treated. Since 
no speed-change gears are involved, the headstock is of 
compact form ; the dark disc seen near its front in Fig. 1 
is a tachometer for the spindle speed, other smaller discs 
are oil-level windows, oil-filling caps, etc. The Monarch 
“* Speedi-matic ” lathe is distributed in Great Britain 
by Messrs. Rockwell Machine Tool Company, Limited, 
Clifton House, Euston-road, London, N.W.1, who are 
the sole agents here for Messrs. Monarch Machine Tool 
Company. 





CONFERENCE ON PULVERISED FUEL.—The Institute of 
Fuel is arranging a conference on pulverised fuel to take 
place in May, 1947. The object of the proposed confer- 
ence is the gathering of information on modern methods 
of preparation and use of pulverised fuel, including its 
advantages and disadvantages compared with other 
forms of fuel. It ishoped to cover the whole field, includ- 
ing the use of the fuel for steam raising, in cement kilns 
and in metallurgical and other furnaces, and to discuss 
details of developments in pulverised-fuel practice, not 
only in this country but in Australia, France, the United 
States, and elsewhere. The aim is to make available 
independent authoritative information on all aspects of 
pulverised-fuel production and firing for the guidance of 
users and potential users of the system, and, through the 
experience of present users, to assist manufacturers in the 
development of pulverised-fuel equipment design. The 
conference will also provide useful information for the 
use of the Ministry of Fuel and Power and the National 
Coal Board in their deliberations upon the most efficient 
preparation of coal for the market. It will also indicate 
problems to which research in this field might be directed 
with advantage, although the primary aim of the con- 
ference is to deal with essentially practical problems in 
the use of pulverised fuel. A strong conference com- 
mittee, under the chairmanship of Mr. B. Samuels of the 
Institute of Fuel, has been constituted. This comprises 
representatives of most of the interests concerned with 
the preparation and utilisation of pulverised fuel, and 
includes Mr. J. Hacking, Mr. F. Shakeshaft, Mr. C. Verity, 
Mr. H. Ewbank, Mr. W. N. C. Clinch, Mr. C. H. Sparks, 
Mr. P. G. Ryder, Mr. W. F. Carey, Mr. G. Davis, Mr. 
G. W. Andrew, Mr. D. W. Aldridge, Dr. R. Lessing, Mr. 
A. T. Green, Dr. A. Parker, Professor D. T. A. Townend, 
Mr. J. Ivon Graham, Mr. A. Grounds, Dr. W. A. Macfar- 
lane, Mr. J. B. M. Mason, Dr. E. S. Grumell, Dr. E. W. 
Smith, Professor C. H. Lander, Mr. R. W. Reynolds- 


LABOUR NOTES. 


Ar the annual conference of the National Union 
of Blast Furnacemen, Ore Miners, Coke Workers, 
and Kindred Trades, at Harrogate last week, Mr. A. 


Callighan, the general secretary, expressed the opinion 
that it would be January, 1949, before the iron and 


steel industry was nationalised. It would be foolish, 
therefore, he said, to shape union policy on the assump- 
tion that the Government was going to take over 
i iately. The better course would be to carry 
on their industrial policy as if no change were outlined. 





The editorial notes and comments in the July issue 
of Man and Metal, the journal of the Iron and Steel 
Trades Confederation, are devoted to an interesting 
review of the Government’s proposals for the recon- 
struction of industry. ‘Taking an overall view,” the 
writer of the notes says, the Government “ has done 
exceedingly well,” but, he continues, ‘“ while fully 
recognising that, he” considers himself under an obli- 
gation to draw attention to facts which appear to 
justify certain reservations and criticisms in connection 
with the problems which will arise when transfers to 
new industries are being considered, 


“At the moment,” he says, “entire industries are 
on the verge of drastic reorganisation. Changes that 
re gay es mga many years are now being telescoped 
into a fraction of the time . . . are being virtually 
compressed into a few years. It took the greater part 
of one hundred years to invest 5,000,000/. in the 
tin-plate industry on the basis of hand mills; at least 
20,000,0007. will be invested in this industry in the 
next five years on the basis of strip mills. It is well 
to remember, however, that this vast technical re- 
organisation relates not merely to machinery and 
costs, as such, but to men and women—in fact, living 
communities. And the first reaction of many of these 
highly-skilled workers, to the impact of these impending 
changes, is anxiety and fear as to what is going to 
happen to them.” 





Man and Metal's contributor does not regard it as 
“enough for Government spokesmen to say that the 
pools of unemployment in the development areas will 
be reduced during 1947.” ‘And it is not entirely 
satisfactory,” he goes on to assert, “that many new 
factories will be built in the affected areas. The social 
and economic problem is not confined to the creation 
of jobs by finding work for displaced workers. That 
in itself is not too difficult, given the advances in 
modern economic technique, overall central control, 
and planning staffs. Even Nazism succeeded in 
creating jobs.” 





“* The essential problem,” it is declared, “‘is one of 
providing people with jobs capable, at least, of yielding 
income comparable to that which has been lost. That 
is to say, when a relatively high-wage works is closed 
by Government planning decisions, every effort should 
be made by the Government to replace the closed 
works with one capable of yielding comparable wages 
on a firm trade-union basis. If this is not done, then 
the effect of the technical re-o isation is perma- 
nently to reduce the standard of living of the workers 
involved directly in the transfer problem.” 





A return compiled by the Ministry of Labour and 
National Service shows that on June 17, 376,167 people 
were out of work in Great Britain, compared with 
374,876 on May 13. The total included 53,600 married 
women, some of whom intended to retire from indus- 
trial employment, and ex-service personnel, numbering 
34,784, who had had no employment since leaving the 
Forces. In addition, there were on the registers 6,731 
uninsured persons, including 3,641 boys and girls 
under sixteen. Of the total of 376,167, 261,302 were 
men and 100,249 women. The percentage of unem- 
ployment was highest in Wales (9 per cent.) and lowest 
in the Midlands, North Midlands, London and Southern 
regions (1 per cent.). 


It was stated in Manchester last week that the 
basic method of payment for piecers in the cotton 
spinning trade has been altered as a result of agree- 
ment reached, but not yet formally completed, between 
employers and trade unions, in accordance with the 
recommendations of the Evershed Commission. Piecers 
formerly received their earnings as part of the wage 
paid to the actual spinner, but the Evershed report 
suggested modifications of the system and recent 
negotiations between the Master Cotton Spinners’ 
Federation and the Operative Spinners’ Amalgamation 
are understood to have resulted in a settlement under 
which adult piecers will receive an average wage of 
between 47. and 4/. 10s. a week, according to the 
amount of machinery worked. Juveniles and ancillary 





Davies and Mr. A. Coe. 





New negotiations are said to be pending in the 
spinning industry with the object of fixing a minimum 
wage for operatives to take effect on September 30, 
when the Essential Work Order ceases to apply to this 
section of the cotton industry. Other questions are 
also to be discussed, on lines indicated by the Evershe« 


Commission, including the wage rates of mule spinners. 





Mr. Will Lawther, President of the National Union 
of Mineworkers, stated on Thursday last week that 
under a provisional arrangement with the coal owners, 
each British miner will have a holiday with ll. pay on 
August Bank Holiday. The only condition was, he 
added, that he should attend normally for the remainder 
of the week. The arrangement, he said, would not 
prejudice negotiations in due course, on pay for six 
statutory holidays. 





On July 1, the cost-of-living index figure was 1)5 
points above the level of July, 1914, compared with 
103 points a month earlier. The increase was princi- 

due to an increase in the average price of potatoes 
resulting from the partial replacement of old potatocs 
by the new crop. Railway fares and the cost of some 
kinds of clothing were also higher. 





In several agreements negotiated recently by repre- 
sentatives of employers and trade unions, provision 
is made for reductions of the working week. The 
most important is one to which the Standard Motor 
Company and the trade unions of which its employees 
are members, are parties, under which the week from 
August 30, is to be one of 42} hours worked in five 
days. Full base rates, national awards, and holiday 
credits as for 47 hours are to be paid to both time 
workers and pieceworkers, and clerical staff and works 
staff are also to work only five days a week. The 
Standard Motor Company declared, in an official state- 
ment, that it is ‘‘in full agreement with the trade 
unions that the greater time available for leisure and 


recreation will result in a higher production effort as 
well as being beneficial to the health and happiness 
of all employees. Sir John Black, chairman and 


managing director of the company, shares with the 
trade unions the desire for a further cut in hours to 40) 
when circumstances permit.” 





The effect of the foregoing agreement on negotiations 
between the Engineering and Allied Employers’ 
National Federation and the National Engineering 
Joint Trades Movement will, no doubt, be watched 
with interest. The motor industry, of course, lends 
itself more readily to a five-day week of 42} hours, 
than most engineeri industries. That has been 
proved in the United States. It would be to take a 
risk, however, definitely to draw the conclusion from 
that that the shorter working week is equally capable of 
economic application to every other engineering 
industry. 





The Imperial Tobacco Company (of Great Britain 
and Ireland), Limited, announce that cigarette and 
tobacco workers are to have a five-day normal working 
week of 45 hours and a fortnight’s holiday with pay 
as from the beginning of 1947. With assurances given 
by the workers’ representatives, and the provision of 
more buildings and plant, the company consider, it is 
stated, that the desired output can be reached without 
anything in the nature of regular overtime. 





Under a provisional agreement negotiated by repre- 
sentatives of the Cinematograph Exhibitors’ Associa- 
tion and the National Association of anne = 
Kinematograph Employees, the working week, whic 

is now, in se cases, one of 54 hours, is to be reduced 
to 48 hours as from September 2. Several wage 
increases have also been to, and there are 
to be two weeks’ annual holiday with pay, instead 
of one. 





The national committee of the engineering trade 
group of the Transport and General Workers’ Union 
placed on record, at a meeting in London last week, its 
dissatisfaction with the award of the National Arbitra- 
tion Tribunal on the claim for “equal pay for equal 
work” to women in the engineering industry. A 
statement issued after the meeting said that in the 
special committee set up with the employers to examine 
the structure of women’s wages, the union would 
press for the removal of existing inequalities. 





Fulham Town Council has adopted a resolution 
making it a condition of employment that every 
employee of the Council must be a member of a recog- 
nised organisation, whether or not registered as a 
trade union. Conservative members opposed the 





operatives will be paid 3/. 10s. a week. 





recommendation which was carried by 33 votes to five. 
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CASTINGS AND WELDINGS.* 
By Sm Craupe D. Gres, C.B.E., F.R.S. 

Tue choice of a subject for this lecture, which 
generally is a problem of some difficulty, was relatively 
easy in this case since the factor uppermost in the 
author's mind at the time of receiving the invitation 
to deliver it was the inability to secure adequate 


supplies of iron castings from 5 tons to 15 tons in| p 


weight. A survey of the supply sources of Great 
Britain indicated a very grave sahortage of iron castings 
in that weight range. e reasons for this are many. 
During World War II, the demand for heavy iron 


steel- department. are ~—4 
pate of fabrie or m 

eS ee: Thus the decision 
to use steel or iron has 
on technical — & » if ‘these are equal, on the 
ultimate costs. The words “ultimate 
roduction costs ~~ are used deliberately, because, 
almost invariably, appreciable machining must be 
catried out before the component is finished, and 
machining may be greater in cost and amount with 
one or the other material. 


castings was lower than normal, while that for steel | — _ In 4 recent article in the technical Press, the term 
castings was much above average. ” was used when to steel structures 
capacity was increased and many iron moulders trans- by welding. It is so apt that it is being 
shies a Saggy ag Be oR gS Ath ay by throughout this lecture. When the term 
Forces. To-day, there is adequate ES ee ere ee eaten, 
capecligaae 2 py anger gs pare alls lg tle 'y 
restore even pre-war output of iron castings,  antypeyaa e-em or machining, with subsequent bend- 
tho iushindeedeesteppen’s to hpaheie Gk relia ing or manipulation, and finally j welding, 
in 1938 and 1939, which may be gas or electric but generally the latter. 


There is evidence that those moulders who are being, 
or have been, demobilised are not all anxious to return 
to foundry work. This is not really s' 

ustry and 


there is a general manpower shortage in 
many foundries do not 


grown Sang Ticket tails theese 
of necessity be a place of sand- and fettling dust, 
and that a moulder must look @ pitman at the 


snobbery of craftsmanship is greater to-day t ever 


a and, entirely wrong though it is, the moulder ee 


is regarded as somebod lower in the social scale than 
the artisan who can leave work looking reasonably 
clean and tidy. Hence, when a choice of occupation 
is available, the young men of the future will avoid 


the foundry unless foundries are made cleaner, more: 


senate ant wich, Babes unless the caste of the 
foundryman is raised, seen Uaddibey aioe 
nature is 

The fact that these problems do exist and that there 
is a serious supply of heavy iron castings led 
to the selection of the and subject of this lecture. 
The company with which I am associated is one of the 
major manufacturers of turbo-alternators and power- 





* Edward - Williams Lecture, delivered before the 
Institute of British F at a meeting held in 
Birmingham on June 19, 1946. Abridged. 





with a because of the 
it as a i unit. With the introduction of 
weldings, the produced the ideal ventilation 


electric motor for one of the four new “ meal * 
ships for the Canadian Pacific Steamship Com , in 
on ep ainee of Senetions ond Me. 4,on t 

page, shows the welding in the boring machine. Fig. 5, 5, 
on this page, shows one of the complete motors being 
lifted into the ship. 
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years ago, all turbine builders used castings 
Plaga Payal andy ng to-day, many are using 





been, in the past, made solely | also 








weldings. This component, shown in Fig. 7, on page 94, 
is one of the largest and most important in a turbine 
and is not an easy casting to m Inside, it has a 
high vacuum and must be free from porosity; it 
supports the heaviest portion of the turbine shaft and 
one end of the alternator rotor; and it is the 
component most likely to have high-frequency vibration 
forces applied to it. Because of many defective 
castings, turbine builders are being driven to use 
weldings. This brings out a point not always sufficiently 
appreciated by the welding enthusiast. Cast iron has a 
very high internal damping capacity and is. much less 
resilient than steel; hence, if it is carrying a vibrating 
load, there is less likelihood of vibrations being trans- 
mitted through cast iron than through steel. It is 
quite true that design modifications may make steel 
entirely suitable, but there remains the fundamental 
vibration-absorbing property of cast iron. 

Latterly, with foundries able to pick and choose the 
jobs they will accept, few would undertake an exhaust 
end with its attendant risk of pro merely scrap, 80 
that it almost became a case of ings or nothing 
Fig. 8, page 94, shows an interesting compromise 
where the completed whole is made up of a casting and 
two weldings. The casting carries the load and the 
awkward shapes, while simplified in moulding 
and pouring, and made s in size and weight by 
splitting up into three. The weldings were ideal shapes 
for fabrication. 

Large alternator bedplates, it is submitted, are 
best made as a compromise between castings and 
weldings, although here again the shortage of casting 
capacity is making it necessary to review design. 
Fig. 9, on 95, shows a complete bedplate where the 
Sap clas Sat opp of ouch ean uae the ends are 
weldings. There is a reason for this apparent anomaly. 
The outboard motor bearing load is carried on steel, 
which is not as recommended earlier in this paper. In 
this case, the bedplate immediately under t i 
pedestal actually supporting the shaft can be 
to the top with concrete during grow and thus be 
“‘ deadened,”’ while the itself is cast 
iron and thus absorbs some of the potential or existing 
vibration. The side limbs, however, are merely carry- 

ing an apparent static load of the alternator stator and 
at first sight, therefore, need not be of cast iron for 
vibration reasons. The magnetic fields of the stator, 
same | however, are rotating with rotor and a vibration at 
double the frequency of generation may be produced, 
which, although small. in le, is trou me in 
its effects and may be transmitted considerable dis- 
tances with strange acoustic repercussions. Hence the 
adoption of cast-iron side limbs has a solid reason based 


on experience. 

The magnet yoke of the alternator exciter is generally 
of cast iron, even though constructionally there is a 
good case for welding; residual magnetism is a neces- 
sary property in some exciter magnets, so that the 
yoke must be of cast iron. Fig. 10,, page 95, shows 
@ complete exciter magnet and Figs. 11, 12 and 13 
compare the construction of a typical cast-iron magnet 
frame with a welded counterpart. 

There are to-day, and probably always. will be, 
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enthusiasts for weldings and others for castings. Their 
enthusiasm frequently colours the analysis on which 
the decision istaken. The casting advocate claims that, 
if there are several hundred of one article to be made, 


mately the attempt was abandoned. Manufacturing 
facilities available in the particular factory may make 
the decision for the designer, and over-rule technical 
considerations. Whether there be one off or a hundred 
off, whether the stresses applied in service be mainly 
tensile or compressive, whether weight is important, 
or a particular shape—all these factors and more 
influence the choice. 

About 1926, there was a wild burst of enthusiasm 
for weldings and many prophesied the end of foundries. 
It was claimed that there was nothing produced as a 
casting that could not be made better as a welding. 
Those enthusiasts made many mistakes, particularly in 
weight reduction. It was argued that, as the ultimate 
tensile strength of cast iron was some 12 tons and of 
mild steel 28 to 32 tons, the welding could be made 
12/28ths the weight of the casting. “‘ Less than half 
the weight” was the common claim. With certain 
components that was correct, particularly where a 
tensile stress had to be sustained and the welding 
could be designed so that the primary tensile stress was 
carried on a through steel bar or plate without loading 
the actual welding. In other cases, particularly bed- 
plates, it was found that, for e satisfaction in 
service, the weight of the weldings was little, if any, less 
than that of castings, and the cost by no means in 
favour of weldings. 

Experience has now accumulated and there is no 
— that foundries are going out of existence— 

they do so for lack of labour. At my own 
works there is a long waiting list of youngsters wanting 
to become apprentices in our machine, fitting, and 
electrical shops ; yet apprentices cannot be obtained 
for the foundry, which is an average one in size, equip- 
ment, and cleanliness. It is the same story most 
iron founders. Foundries will go out of existence if 
foundrymen themselves do not take action. It will 
not be because of the competition from weldings. In 
my experience, foundrymen are extremely conservative 
—s0 are marine engineers and shipbuilders—and, largely 
for the same reason ; a mistake due to c of tech- 
nique is very costly and hence you stick to the devil 
you know. In general? m ical control in 
foundries was far too slowly adopted, yet once intro- 
duced it was seen to be a big money-saver. There is 
to-day a much greater awareness that, although 
grandfather was a wonderful ironfounder, the grandson 
must be much better. 

It is my belief that foundries are now facing a crisis 
arid that to go on much longer as most are doing 
to-day means extinction ; yet, with courage and vision, 
there is a greatly improved and prosperous future 
ahead. If you are short of apprentices, before long 
your ability to produce large and intricate castings 
disa; . Apprentices must be attracted to the 
foundries and this can be done in one of two ways ; 
firstly, by bribing with high wages (or, in other words, 
submitting to a form of blackmail in which the demands 
will become stiffer and ‘stiffer) or, alternatively, by 
lifting the whole status of foundries and foundrycraft. 
Is any serious thought necessary to make the choice ? 

The war showed the beneficial effect of clean and 
cheerful factories on the quality and quantity of 
production in machining and assembling. The same 
results can and must be obtained in foundries. ‘My 
co-directors have agreed to back these views by spending 
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nearly a quarter of a million pounds in rebuilding and 
re-equipping our foundry, believing that, with turbo- 
alternators, it is not desirable to replace all —- by 
weldings, although it may be possible. In the long- 
term plan, the foundry must remain. Bribery is not 
the way to obtain good craftsmen ; attractive working 
conditions provide the only solution. 





ENGINEERING AND MARINE ExutprTton.—The Engin- 
eering and Marine Exhibition, which was to have been 
held’ in September, 1939, and was postponed owing to 
the outbreak of war, will now be held from August 28 until 
September 13, 1947, at Olympia, London, W.14. The 
organisers are Messrs. F. W. Bridges and Sons, Limited, 
Grand Buildings, Trafalgar-square, London, W.C.2. 





CONFERENCE ON EXPORTS.—A two-day conference to 
consider practical problems arising from the need to 
increase our export trade will be held, under the auspices 
of the Federation of British Industries, at the Central 
Hall, London, S.W.1, on Wednesday and Thursday, 
November 27 and 28. The conference will be opened 
by Sir Clive Baillieu, K.B.E., president of the Federation, 
and will take place under the chairmanship of Mr. Leslie 
Gamage, M.C., vice-chairman of the General Electric 
Company, Limited. Sir Stafford Cripps, President of the 
Board of Trade, will bé the principal speaker’ at the 
openitig session and will deal with the significance of 
exports to the national life. Further information can 
be obtained on application to the secretary, Federation 
of British Industries, 21, Tothill-street, Westminster, 
London, 8.W.1. 
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NOTES ON NEW BOOKS. 


The Foreman’s Guide. By R. B. Hovey, M.C. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. | [Price 
4s. 6d. net.] 


So many books have been written on foremanship, 
during the past decade, and so many of them tend 
towards a rather overpowering wordiness, that it is 
refreshing to see this attempt to condense the essence 
of the subject into a volume that really can be slipped 
into a pocket ‘and an inside pocket at that) without 
difficulty. Whether Mr. Hovey—who is a managing 
director of experience—has covered the whole ground 
is a matter of opinion; our own is that he has sum- 
mariséd the essentials well enough for most practical 
purposes, fromthe point of view of both the foreman 
and the employer. The rest should follow naturally 
in the mind of either if he has the right sort of mind 
for his position and responsibilities; indeed, slim as 
the book is, much of the contents is no more than 
ordinary common-sense, the kind of “‘ gumption ” that 
might be expected of even a first-year apprentice. 
It is difficult, however, to say anything really new 
about foremanship, and an author who writes about 
it will have done well if he can arrest his reader's 











attention when necessary, and interest him all the | ™ 


time. By that standard, Mr. Hovey has done well. 





The “ Devil on Wheels.”” By Gorpon Irvine, M.A. 
Robert Dinwiddie and Company, Limited, Dumfries. 
[Price 23. 6d. net.] 


On May 19, 1945, Sir Harold Bowden, Bt., President 
of the National Committee on Cycling, unveiled, at 
Dumfries, a mural tablet which had been placed on 
the wall of Courthill smithy to commemorate the cen- 
tenary of the invention of the pedal bi¢ycle by Kirk- 
patrick Macmillan, the blacksmith who worked the 
smithy for some 40 years until his'death in 1878, The 
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actual centenary year was 1939, which is the date on 
the tablet, but the ceremony was postponed because of 
the war. This little book, based on authenticated 
evidence, tells in narrative form the life story of 
Macmillan, with illustrations of the smithy, the smith 
and his family, and a reproduction of his bicycle, copies 
of which are exhibited in the Dumfries Museum, 
Glasgow Art Gallery, and the Science Museum, South 
Kensington. It does not appear that Macmillan him- 
self ever regarded his invention as more than an incident 
in his otherwise uneventful life, or did anything to 
popularise it, but he is entitled to the credit for his 
ingenuity and certainly, as the tablet quotes from 
Emerson, ‘‘ builded better than he knew,” 





Plastics: Scientific and Technological. By H. R. 
Fieck, M.Se., F.L.C. Second edition. Published 
for the Temple Press, Limited; by the English 
Universities Press, Limited, Little Paul’s House, 
Warwick-square, London, E.0.4. [Price 30s. net.) 


THE appearance of a second edition of this book after 
only two years is at once an indication of the reception 
given to Mr. Fleck’s compact yet comprehensive treat- 
ment of plastics theory, and an opportunity for both 
author and reader to keep abreast -of progress in a 
i advancing technology. The géneral character 
of the book, with its predominantly chemical approach 
to the problems both of the laboratory and the factory, 
is retained ; and it is a tribute to the author’s know- 
ledge of his subject that revision of the original text 
has necessitated no really significant alterations. The 
changes introduced are amplifications of old material, 
or additions of new, notable examples of the latter 
being instructive descriptions of the “ heatronic ” 
thermal treatment of plastics by high-frequency 
electrical inductance, and of modern methods of 
transfer moulding. References to recent improve- 
ments in chemical plant, machinery and other aspects 
of plastics production enhance the value of the book 
to engineers. As regards the raw materials of plastic 
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substances, Mr. Fleck emphasises the potential import- 
ance of a highly-developed calecium-carbide industry 
in this country, where all the basic essentials are already 
available. His discussions of the chemical analysis, 
physical testing, and inspection of materials and 
finished products add little to the previous treatment 
of these subjects beyond one or two advances in labora- 
tory procedure. All modifications to the author's 
earlier text are characterised by informed, judgment 
and a critical appreciation of fundamentally important 
points. The present book, reinforced by several new 
illustrations, is thus a fully documented (and well- 
indexed) work of great merit, for study and reference. 





A Guide to the Literature on the History of Engineering. 
The Cooper Union for the Advancement of Science 
and Art, Cooper-square, New York, 3, N.Y., U.S.A. 
[No price indicated. ] 

Tue Cooper Union was founded in 1859 by Peter 

r for ‘the instruction and improvement of the 

inhabitants of the United States in practical science 
and art,” and, in the course of time, has accumulated 
a considerable library. This brochure is a list of the 
works on engineering history that it contains ; inevit- 
ably, not an exhaustive list, but one that is compre- 
hensive enough to satisfy the needs of most ordinary 
inquirers, and which includes some items—for pom 
sets of the Penny Cyclopaedia and Rees's C 
not to be found in many English technical libraries, 
although they were published in this country. There 
are numerous references to papers read before the 
Newcomen Society, but apparently the library does 
not possess a complete file of their Transactions; an 
omission which the Union would do well to remedy, 
since several of these references are not to the original 
papers, but to reprints of them in ENGINEERING, 
which were necessarily abridged. From the directions 
for using the Guide, giving the location of various 
books not shelved in the main library, we note that 
the building contains a “‘ Browsing Room"; a com- 
mendable feature, which many frequenters of libraries 
will envy. 


The Post Office Went to War, By Ian Hay. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
1s. 3d. net.] 


THat the war must have imposed an unprecedented 
overload on the organisation of the Post Office was 
generally appreciated, but for reasons of security it 
was not possible, while hostilities continued, to do 
more than hint at the nature of some of its war-time 
problems. Ian Hay has summarised them very neatly 
in this general survey, dealing with the immense task 
of providing special facilities for the Services as well 
as the ordinary work, and the numerous extraordin 

interruptions that it had to suffer, largely as a result 
of enemy action. His account is definitely of the 
non-technical and ‘‘ popular”’ order, but he touches 
also on the engineering problems involved, assisted 
materially by an excellent selection of photographs. 
Thé work of the cable ships; and the part played by 
the Post Office technicians in installing the network 











of radar protection, are not overlooked. 








96 


ENGINEERING. 








‘* ENGINEERING ”’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE AOTS OF 1907 TO 1939. 


The number of views given in the Specification 


none is mentioned, 





the Communicators are given in ‘t 
be. obtained at the Patent 
London, W. 


with an engine of sufficient power to carry out the heaviest 
The invention provides a 


other units for heavier operations. The main frame of the 
unit is built up of four longitudinal angle members 
secured by cross-frames, Within the frame is 
a land-whéel 17 having strakes secured to its rim. The 
shaft for the land-wheel, mounted in bearings 22, carries 
asprocket wheel 24. A steerable land-wheel 25 is mounted 
in a fork 26, which rotates in bearings in an adjustable 
sub-frame 29. The depth of the wheel may be altered 
by movement of a collar 30 on which the upper bearing 
rests. The sub-frame is pivoted between cross-members 
secured to the forward cross-frame. A quadrant plate 35 








is secured to the upper cross-member and the sub-frame 
is secured in the required angular position by a peg 36, 
which passes through a hole in the quadrant plate and 
@ hole in the top of the sub-frame. By this, the steerable 
land-wheel can be offset from the driving land-wheel. 
A tiller 38 is secured to the steering shaft and is held 
by the operator from the seat 39. A low horse-power 
motor 40 is carried on a platform on one of the lower 
longitudinals and drives the sprocket wheel 24. For light 
work, such as hoeing, a single unit is employed and a 
third land-wheel 46 is carried by a shaft 47 to one side 
of the main frame. The cultivating implements are 
attached to a bracket 50 fixed to the forward end of the 
lower longitudinals. For heavier work, such as ploughing, 
two unite are employed, the wheel 46 is dispensed with 
and the two units are secured side by side by means of the 
shaft 42. The two motors are connected to a differential 
gear having an output shaft driving the sprocket wheels 
while the two land-wheels are rigidly together 
by a shaft. The two tillers are connected by a cross link 
so as to be movable from one driving position. (Accepted 
April 5, 1946.) 


GUNS AND EXPLOSIVES. 


576,088. Electric Torpedo. J. Stone and Company, 
Limited, of Deptford, and A. H. Chilton, of Deptford. 
(3 Figs.) May 6, 1942.—When an electric torpedo is 
propelled by an electric motor with a permanent magnet 
it is started by switching the motor across the battery. 
The large initial rush of current through the motor 
produces a high starting torque which reacts upon the 
frame of the motor and causes the torpedo to roll. After 
the motor has accelerated and taken up ite load, the 
rolling effect largely disappears. The object of the 
invention is to prevent the occurrence of this rolling. 
The armature of the propulsion motor is connected 
across @ battery through switch contacts in the circuit. 
Connections are taken from the two sides of the gap 
between the contacts to two spaced electrodes d sup- 
ported within an air bell e, which is in a compartment 
of the torpedo to which water hes access when the 
torpedo is submerged. The rising of the water in the 
bell will flood the gap between the lower ends of the 
electrodes d and current will flow so that the motor will 


the trapped air through the escape valve f and, as it 
rises and floods the gap to an increasing depth, so the 
water resistance of the gap is reduced and the strength 
of current to the armature is increased. The positive 
terminal contact g of the coil of a contactor switch is 
fitted as an auxiliary electrode in the gap between the 
upper | of the electrodes d. When the water level in 
the e the contact g, the circuit of the coil is 
completed and the contactor closes the battery circuit. 
The electrodes are of triangular form with their apices 
at the bottom so that at the moment of starting, and 
with only the tip of each electrode immersed, the 
water resistance is of a high value. This value, 














valve f at the top of the air bell ¢ is a tube of small bore 
and is fitted with a needle valve adjustable bya screw 
head. The electrodes are spaced apart by spacers j of 
insulating material, and are suspended by brackets k. 
The top of the bell is fitted with a sealed and airtight 
hose connection J, through which the cabies connecting 
with the electrodes d and g are taken. The contactor 
switch e@perated by the electrode g is automatically 
retained in the closed position once it has operated. 
( Accepted March 19, 1946.) 


HYDRAULIC APPARATUS. 


576,777. Petrol Pipe Line. Iraq Petroleum Company, 
Limited, of London, and F. R. Kelly, of Shipston-on- 
Stour. (1 Fig.) December 30, 1943. The invention is 
particularly applicable to all-welded oil pipe lines. The 
deepest corrosion in pipe lines occurs on the outside of 
the bottom of the pipe, so that if the pipe is turned before 
destructive corrosion has occurred the line can be readily 
reconditioned. The object of the invention is to enable 
a@ pipe length to be turned for repair without stopping 
the supply of oil through the pipe and without any 
leakage during repair. A sleeve a in each end of which 
is screwed a length of pipe b, has packing washers c 
arranged in inner recesses in the sleeve, the packing being 
expanded into the coupling grooves by forcing the tapered 





end of the pipe 6 into the packing to form a fluid-tight 
connection. The sleeve a is recessed at a', and at its 
outer énds is welded at d to the pipe lengths inserted 
therein. The inner ends of the pipe lengths are spaced 
apart to provide for further threading of the pipes into 
the sleeve. The coupling may be inserted into a pipe 
line of either the butt or spigot type. When a section 
of the pipe line next to the coupling is to be turned 
for repair, the sleeve at the recess a' is parted at g by 
a chain and wheel cutter, the recess upon the inside of 
the sleeve permitting this operation without damage to 
the inner pipe. After this the section of pipe line may 
be turned. The gap made is equal to the distance by 
which the pipe line enters the sleeve. The cut in the 
sleeve is then made good by welding. The arrangement 
is such that the coupling may be cut and re-welded 
several times. (Accepted April 18, 1946.) 


TEXTILE MACHINERY 


575,974, Rove Stop Mechanism. J. and T. Boyd, 
Limited, of Glasgow, and M. Warnock, of Glasgow. 
(2 Figs.) April 21, 1944.—The invention provides a 
simplified automatic stop mechanism which avoids the 
complication of power operation or latching mechanism, 
and which is quick acting and prevents feeding of the 
rove immediately on failure of the yarn. The yarn 
leaving the delivery rollers and passing to a point 3 
above the flyer is twisted in its passage and receives a 
tension due to the drag on the spinning bobbin. A 
detector 5 pivoted at 6 rests against the yarn just above 
the point 3. The upper arm of the detector projects 
beyond the pivot 6 and is linked to the outer arm of a 
pressure lever 8. The lever is weighted to apply a 
pressure on the upper arm of the detector 5 to keep the 





start. The water rises in the bell ¢ as fast as it can expel 
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position. When the detector is not required, the atten. 
dant can push back the lower arm, which will remain 
in its new position because the pressure on the upper 
arm is now applied on the opposite side of the pivot 6, 
The lever 8 has an inner arm beyond the pivot 8° linkeg 
to a weighted lever 12 which applies pressure to the top 
rollers 9, 10. When the yarn breaks and the detector 
swings forward, the outer arm of the lever 8 drops 
and the inner arm rises and tends to lift the lever 12, 
but has not sufficient weight, as this would cause 
excessive pressure on the detector 5. To release the 





pressure between the top rollers there is an additional 
weight 14 with an arm having a cam portion engaging 
@ pin on the lever 8, the form of the cam being such that 
the weight normally has no action on the lever 8. When 
the detector swings on failure of the yarn, and lowers the 
outer end of the lever 8, the weight 14 falls and applies 
extra pressure to the lever 8, lifte the lever 12, and so 
allows the top rollers 9, 10 to separate, a projection 14? 
at the end of the arm locking the rove against a stationary 
face 15, just above the apertured bar which guides the 
rove from the rove bobbin. (Accepted March 13, 1946.) 


MISCELLANEOUS. 


576,700. Excavating Machine. Ransomes and Rapier, 
Limited, of Ipswich, and C. MeL. Cameron, of Ipswich. 
(13 Figs.) April 13, 1944.—The invention is a drag-line 
excavating machine, which can remove a great depth 
of overburden by employing a boom of much greater 
length than usual. The machine is carried on two 
structures, the front base A and the rear base B. Each 
base consists of a circular base member carrying a turn- 
table on which is a triangular framework D, the ridge of 
which extends across the turntable. On this ridge, on the 
front base A, are mounted the horizontal pivots E of 
the heel of the boom F. A horizontal frame G connects 
the ridge on the rear base and that on the front base 
through universal joints, and on this frame is an A-frame 
holding the boom. The mechanism for hoisting and 
operating the draw bucket and the electric-generating 
set are carried on the rear base, serving as a counter- 





balance for the boom and bucket operations. Two 
hydraulic jacks J are connected by universal joints to 
the opposite ends of the ridge of each base A and B, 
and these jacks extend to two feet L built up of plates 
and connected to the jacks by joints. While the jacks J 
can lift each base, other horizontal jacks connected to 
the feet L, can move them sideways. A master controller 
of the drum type closes in sequence a series of switches 
actuating the hydraulic valves which control the jacks. 
The switches are set to bring about walking to the right 
or left. To move a base sideways, the base is lifted by 
the jacks J off the ground. The horizontal jacks then 
move it to the right or left, and the jacks J lower the 
base until it reste on the ground and the structure has 
completed one step. Side cutting is effected by carrying 
the drag-line P from the bucket through a fairlead Q 
on the end of an arm which can be swung to right or 
left: to alter the direction in which the bucket is dragged. 





lower arm in contact with the yarn in the normal running 





(Accepted April 16, 1946.) 
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RECOLLECTIONS OF EARLY 
NAVAL FLYING. 


By SquapDRON-LEADER F. J. RvutTLanp, 
; D.S.O. 
(Concluded from page 51.) 

Ix July, 1917, the Furious joined the Fleet at 
Scapa. At last we had a carrier that could maintain 
her position with the Fleet. She was constructed as 
an unarmoured battle cruiser, and was sister ship to 
the Glorious and Courageous, differing from those 
two ships only in that she carried one 18-in. gun in 
each of her turrets, while the others had two 15-in. 
in each of their two turrets. She was 786 ft. long 
by 81 ft. beam and had a speed of slightly over 
3] knots. It was an interesting sight to see this 








could be found who was proficient in the light aero- 
plane and the heavy seaplane. The initial flights 
of the heavier seaplanes were carried out without 
incident, having had the advantage of the work car- 
ried out by the Campania. The Pups, of course, 
needed no trials, the pilots being fully competent to 
take them off. A few flights were carried out to 
accustom the pilots and crews to handling aircraft 
under sea conditions. The Pup could be flown 
by a skilful pilot at about 30 knots, and, provided 
the engine was running to produce a slip stream, 
the controls were fairly good at this low speed. 
The Furious could at all times maintain an air 
speed of 30 knots along her flying-off deck. Dun- 
ning decided that he would try to land a Pup 
on this deck. He had the ship steaming at 35 
knots (air speed) and, flying his Pup at this speed, 
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ship steaming at nearly full speed; her stern sat 
down in the water like the stern of a speed boat. 
The foremost 18-in. gun and turret had been taken 
out and the whole of the fore part re-designed to 
accommodate aircraft, which were hoisted on deck 
by means of a hydraulic lift, and from the water 
by means of a stump derrick. The flying-off deck 
provided a run of 180 ft., and “‘ palisades ” in the 
form of a row of 15-ft. planks with counterbalance 
weights were fitted to break the force of the wind 
when necessary. She carried eight 225-h.p. Sun- 
beam Short seaplanes and six Sopwith Pups. This 
number was not fixed, and was continually changing 
to meet different circumstances. 

For three months before completion, the pilots, 
under Flight-Commander E. H. Dunning, had been 
given full facilities to become expert in flying Sop- 
with Pups, and when they commissioned they could 
almost make them talk. They had been trained to 
fly the heavy seaplanes also. It should be explained 
that, in those days, it was not often that a pilot 








SEAPLANE-CARRIER “* NATRANA.” 


he placed himself over the flying-off deck well for- 
ward, and then throttled down till he had a speed 
of approximately 30 knots. The ship’s speed was 
eased at the same time, until the aeroplane was at 
the after end of the deck and only a few feet above it. 
At a signal from Dunning, a group of officers, 
suitably placed and previously instructed, grabbed 
the machine, and both the ship’s speed and the aero- 
plane’s speed were reduced. It will be seen that this 
was a delicate operation, calling for great skill and 
courage on the part of the pilot, and great care on the 
part of the officers to see that they all grabbed the 
machine at the same time and kept it head to wind. 
It does not detract from the pilot one iota of praise 
to state that this method of landing was quite im- 
practicable, and never should have been permitted. 
Any sailor-airman would accurately forecast disaster, 
and it is difficult to understand why it was allowed 
totake place. Hearing of his first successful landing 
from Lieut.-Commander R. F. Seymour, Beatty's 
flag lieutenant, I asked him at once to request Ad- 





miral Beatty to wire to Scapa to stop all further 
landings until suitable arresting gear had been pro- 
vided. Unfortunately, some days had elapsed, and 
Dunning had already completed a second landing. 
On the day after my conversation with Seymour, he 
made his third and last landing. On this occasion 
he came down rather heavily on one wheel and the 
tyre burst. What really happened was that, either 
due to a yaw of the aeroplane or of the ship, or the 
wind, his machine was slightly off the wind and one 
wing, lifting slightly, forced the other down. If his 
tyre had not burst, the result would have been the 
same, for it will be readily understood that, once 
the machine was even slightly off the wind, at such 
a high air speed, it would be swept rapidly over the 
side. Many officers narrowly escaped being swept 
off the deck as his aeroplane went over. When he 
struck the water, Dunning’s head came in contact 
with a jagged forked gun fitting, and he was stunned 
and drowned. Had this fitting been padded, we 
should have had this daring and gallant officer play- 
ing an increasingly large part in the development of 
fleet flying, for, strange as it may seem, very seldom 
did an accidental crash over the side prove fatal. 

In July, 1917, the Pegasus and Nairana were 
nearing completion on the Clyde, and I was appointed 
to the latter vessel. These ships were similar to the 
Manxman, except that the Pegasus (Fig. 4) had a 
crane at each corner of the after hangar, as in the 
Engadine, while the Nairana (Fig. 5) had the central 
type of crane enabling aircraft to be hoisted over the 
stern. Both ships were oil burning and did over 
20 knots. I was dividing my duties between the 
Manxman at Rosyth and the Nairana when the 
unfortunate accident to Dunning took place, and I 
was immediately appointed to the Furious to replace 
him. In August, both the Pegasus and the Nairana 
joined the battle cruisers at Rosyth. 

These ships provided seaplane reconnaissance and 
fighters for the fleet, but, having the drawback of 
the earlier carriers, that they had to fly their sea- 
planes off the water, they did little more than take 

in fleet exercises in harbour. It is true to say 
that the fleet had only one efficient carrier, the 
Furious. The internal efficiency of all other carriers 
was excellent, but all, except the Campania (and she 
lacked speed) had the very real disability of having 
to stop to hoist out their aircraft on the water, with 
consequent unreliability. I joined the Furious in 
August at Scapa, and at once began an investi- 
gation of the practicability of landing on her flying- 
off deck. Sounding the pilots, I found them all 
against it, though each and every one assured me 
that they were prepared to carry out my orders. 
I was of the opinion that the type of landing carried 
out by Dunning was not practicable, even if arresting 
gear were provided. At sea, with a small motion 
on the ship, it would not be possible. I approached 
the matter from the point of view of normal landing 
procedure. All pilots were instructed to fly their 
aeroplanes at a low speed and, flying parallel with 
the ship, to turn in just before the conning tower 
and endeavour to make a landing; then to fly 
off again without losing control. None of the 
pilots actually touched the deck, though it was 
quite clear to me that, with practice in very slow 
flying, each would be able to achieve this. I had 
a great deal of practice in slow flying and so had the 
advantage of them. I brought a machine in, bring- 
ing the wing tips within 2 ft. of the conning tower, 
and landed about 50 ft. from it; pausing only a 
few seconds, I flew off again. The air speed over 
the deck was 25 knots. 

At a later meeting of the pilots, it was agreed that 
landing on this deck was too hazardous, an opinion 
in which I concurred. If arresting gear had been 
provided, there is no doubt that a large number of 
successful landings could have been made in the 
conditions that prevailed in the smooth waters of 
Scapa Flow. At sea, we felt, it would have been 
quite a different matter. The deck was not long 
enough, in any case, and the downward slope forward 
had the effect of shortening it. Any arresting wires 
would have interfered with flying off seaplanes, 
which was at that time a far more important matter 
than landing fighters. So, with much regret, I 
declared against any further landings on the flying- 
off deck. Instead, I suggested that the ship should 
be converted to a flush-deck carrier and that aero- 
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planes should be adopted in place of seaplanes for 
reconnaissance work. The naval constructors and 
all interested parties attended a number of confer- 
ences on board. I was adamant in my demand that 
the funnels should be placed horizontally, so pro- 
viding a flush deck fore and aft. The constructors 
did not feel justified in doing this, as they had no 
experience of what would happen at the sharp bend 
of the funnels when the boilers were developing their 
full 90,000 h.p. 

Mr. C. J. W. Hopkins, R.C.N.C., put forward 
the suggestion to have the funnels at the side, but 
I was against this, because I feared that a yaw in 
the ship or wind would produce dangerous air 
currents across the deck. It is interesting to note 
that later, when both types of ships were in commis- 
sion, a census of opinions was taken, and it was 
found that those pilots who were used to a flush deck 
preferred this type, and vice versa; which meant, 
in effect, that the “‘island”’ or funnel at the side 
was no disadvantage. It was finally decided to 
remove the after turret and fit a hangar aft, complete 
with an electrically-operated lift and a flying-on 
deck, and at the end of the year the ship went to 
the Walker Yard, Newcastle-on-Tyne, to have this 
work carried out. 

In August, 1917, Lieut.-Commander Gowan, of 
the Yarmouth, proposed that aeroplanes should be 
carried on the turrets of capital ships. I pointed out 
that, as a 26-ft. run was available, such a proposal 
presented no difficulty. Gowan, however, wanted 
the machines flown off into the relative wind, that is 
to say, the wind that would be a product of the true 
wind and that made by the ship’s speed; and, 
instead of putting the ship head to wind, proposed to 
train the turret into this wind. I did not like this 
and, after a lot of consideration, decided against it. 
It meant that, if the relative wind was on the beam, 
the machine would have to get off into this wind, 
while at the same time it was being hurled sideways 
at the speed of the ship at that moment. Gowan 
was very persistent and, whenever he could, he made 
his opinion quite clear. There was no pilot in favour 
of the flight and one day—October 4, to be precise 
—in order to convince him and the committee of its 
impracticability, I plotted the flight on paper. I 
expected to find that the aeroplane would skid 
violently to one side, but found, in fact, that it 
would skid sideways only a few inches (and that 
was theoretical); in fact, the friction of the tyres 
on the turret platform would prevent any skid 
whatever. Gowan, a non-flying officer, had been 
right all the time. I immediately agreed to carry 
out an experimental flight and a platform was 
immediately erected on B turret of the Repulse. 

On Monday, October 7, 1917, the Repulse put to 
sea for this experiment. The opinion of every- 
one with whom I came in contact was that the 
experiment would fail. I sat in the wardroom 
drinking coffee when the officer of the morning 
watch came off duty and sat down to breakfast 
beside me. His first remark was “ What blank 
fool is going to try to fly off that turret ?”” When 
I informed him that I was the B.F., he was most 
apologetic, but I laughingly told him he might be 
right. On deck, two squadron commanders were 
among those who had come on board to witness 
the flight. One wished me luck, but did not believe 
it would be successful, while the other pleaded 
with me not to go on with the experiment. He 
had written out a report, and handed it to the 
admiral, showing what would happen to the "plane. 
In fact, he had stated just what had been my own 
opinion a few days before. The Director of the 
Naval Air Services, Captain Godfrey Paine, was 
discovered by Commander G. Holmes, R.N.V.R.— 
who, I afterwards discovered, was confident of its 
success—sitting at his desk with his head in his 
hands. When asked if he had a headache, he said 
‘**No, I have just received a telegram saying Rut- 
land is making an experimental flight from B turret 
in Repulse this morning and I am now waiting for 
one announcing his death.” The flight was fully 
successful (see Fig. 6, herewith). The turret was 
trained 42 deg. on the starboard bow. The wind 
was 44 deg. on the bow, the 2 deg. being an allow- 
ance which I made to fill up the gap abaft the 
turret ; as I felt, and it was afterwards proved, 
that this was the only danger, for, if the wind yawed 
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a degree or two, an air pocket would be formed| This opened up a new problem—disturbed air. 
there. The relative wind was between 25 and 28 | The Repulse was taken to sea on October 9 and the 
knots; the ship’s speed, 24 knots. Immediately | air currents very carefully measured with the aid of 
after this flight, the committee suggested that, if | pennants attached to boathooks and several low- 
flights could be made from the after turret, aero- | reading air-speed indicators attached to a small ply- 
planes could be carried in a position where they| wood mounting. As a result of these tests, which 
would receive some protection from the weather by | satisfied me that an aeroplane could be flown from 
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turret of the Repulse (see Figs. 7 and 8, opposite), 
and on Monday, October 14, 1917, I made a success- 
ful flight. The maximum forward bearing obtain- 
able was 63 deg. from right ahead, in order that the 
wing tips of the machine might clear the super- 
structure. So that the relative wind should be 
drawn aft to this bearing, a slow speed of the ship 
was necessary. The flight was carried out between 
snow squalls, and the speed over the turret at the 
moment of release was 12 knots. Fig. 8 shows the 
machine at the moment of leaving the turret. 

The Commander-in-Chief, Grand Fleet, had per- 
sistently refused to carry aeroplanes in capital ships 
because he felt that the ships might be engaged in 
turning head to wind to fly their aircraft off when 
every moment might be of strategic or tactical 
value. Now that it was demonstrated that there 
was no need to turn the ship from her course, per- 
mission was given to carry aeroplanes in every 
battleship and battle cruiser. In addition, light 
cruisers that could not carry an aeroplane on the 
forecastle were fitted with a revolving deck amid- 
ships. The Sydney was the first cruiser so fitted. 
Thus, as a direct result of these two experiments, 
the aircraft problem of the fleet was solved, and the 
fleet became its own aircraft carrier. It is interesting 
to note that over 300 flights were made without a 
single accident, until, in 1919, a pilot was killed 
when his machine was swept over the after side of 
the turret ; due, it was found conclusively, to the 
wind direction being a few degrees before the turret 
and creating a pocket abaft it. 

In April, 1918, Flight-Lieut. W. N. Fox from the 
Furious carried out a successful flight from H.M.S. 
Australia, the platform being extended along the 
guns of the turret to provide sufficient length of run. 
As a result of this further success, all ships carried one 
fighter and one reconnaissance aeroplane, and thus 
were independent of aircraft carriers. The Zeppelins 
were now driven from the North Sea, for it was suici- 
dal for them to leave their shores. The consequent 
freedom from observation gave our fleet greater 
safety at sea, and their movements could not be 
disclosed to prowling submariaes. 

At Felixstowe, Commander Samson, hearing of 
the successful flights in the fleet, had the idea of 
placing a platform on a towing lighter. These 
lighters, shown in Figs. 9 and 10, on this page, were 
constructed with open sterns and were able to con- 
tain the hull of a flying boat. They could be towed 
at 30 knots behind @ destroyer. Samson carried out 
the first test, but failed to get flying speed. I was 
sent to advise, and found they had not fitted a tail 
guide and were attempting to get off by much the 
same method as was used from an aerodrome. When 
a tail guide and suitable release gear were fitted, the 
aircraft could start with its engine full out, the tail 
guide keeping it straight for approximately 9 ft. ; 
by that time the pilot had the feel of his controls. 
A ball fitting was attached to the tail skid, which, 
when inserted in the slotted tube, could not come 
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out until the aeroplane had advanced 9 ft. Within | 


a short time of this initial flight, the lighter was 
towed to the enemy coast and a Camel, piloted by 
Flight-Lieut. S. D. Culley, brought down another 
Zeppelin. 

While the Furious was being reconstructed at 
Newcastle, the squadron was housed at East Fortune 
Airship Station. The experimental section at the 
Isle of Grain took in hand the development of the 
arresting device. A large circular wooden “ deck ” 
was placed on the aerodrome at Grain, practically 
level with the ground. There was no change in the 
type of arresting gear from the beginning ; fore and 
aft wires, 6 in. apart, were anchored at one end with 
shackles, and at the other end with bottle screws, each 
pair of wires being allotted one bottle screw. Experi- 
ments were then carried out to find the best position 
for the wires. This was not a new idea, having been 
used in America in 1912, fitted to a ship at anchor. 
There were two problems to overcome. One was 
to fit hooks to the aeroplane low enough to engage in 
the wires, and high enough to clear the ground when 
flying off the uneven ground, and the other was, 
where to fit them. The chassis being of the split- 
axle type made this difficult. The wires were kept 
off the deck by planks set at a slight angle, so that 
the chassis would catch them and knock them down 
easily. Sand bags were attached to the ends of a 
rope and this rope was laid across the wires to 
retard the aeroplane and shorten its run. The 
experimental officer, Wing-Commander H. R. Bus- 
teed, designed a ski-type chassis, which, being 
unsprung and having of necessity to be light, proved 
a failure; but the idea was good, the main advan- 
tage being that it provided facilities for attaching 
the hooks. Experiments were also made with a 
hook on the tail skid, which engaged in the wires. 

At East Fortune, pilots were trained in slow flying 
and flying in high winds; winter at East Fortune 
provided plenty of wind. There was another 
squadron of aeroplanes there for defence duties, and 
it was amusing to see the Furious pilots ordered out 
to fly, when orders to cease flying had been given by 
their C.0. Of course, we had to practice landing in 
a high wind, and to handle the aircraftina wind. A 
strip 300 ft. by 70 ft. was marked out and the pilots 
had to make a landing on this strip. At intervals 
they would be sent to the Isle of Grain to get used 
to the wires. I had determined to make a great 
effort to do away with the cumbersome seaplanes 
and, after a great many conferences at the Admir- 
alty, I was successful in obtaining approval to carry 
reconnaissance aeroplanes. Unfortunately, none 
could be The demand in France exceeded 
the supply of Sopwith 1}-strutters, the type selected 
by me. Someone at the meeting remembered 
that there were fifty 1}-strutters fitted out as 
single-seater bombers for Russia and, as Russia 
had ceased fighting, these were available. Having 
no available factory space to convert them to 
two-seaters, I undertook to do this myself at East 
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Fortune, using my own personnel. They worked 
hard and with speed and, in March, when the 
Furious was completed, we had 25 Sopwith 1}- 
strutters ready for service and equipped with wire- 
less. At long last, the seaplane had been displaced. 
In a few months, the Campania was also equipped. 
But for this success, the flight from the turret of 
H.M.S. Australia by Fox would not have taken 
place and the capital ships would not have had their 
reconnaissance machine. 

Early in March, the Furious rejoined the Fleet at 
Rosyth. She was now fitted with an after hangar 
and flying-on deck, and a narrow built-up fore and 
aft deck to enable aircraft to be taken forward to 
fly off. The total complement of aeroplanes now 
carried was about 15 Sopwith 1}4-strutters—two- 
seater reconnaissance type—and eight Sopwith Pups. 
This was the first time that a carrier had been com- 
pletely equipped with aeroplanes. In addition, the 
first aircraft ever to land on a ship under way was 
the one landed on the Furious by Dunning. The 
first aeroplane ever to land on a ship under way, 
using the orthodox method of landing, was flown 
on to this ship by me. The Furious was indeed 
the first aircraft carrier in the true sense of the term. 

The flying-on deck was 300 ft. long and about 
70 ft. wide. A huge lift at the after end prevented 
the arresting wires from being taken right aft ; this 
was unfortunate, as will be seen later. When it 
had been approved to construct this deck it was a 
make-shift. The air disturbance caused by the 
huge superstructure hurtling through the air was 
disagreeable, but considered not to be sufficient 
to cause the pilot any anxiety. Unfortunately, 
on the day that I made the first landing there 
was @ very slight wind, which necessitated steam- 
ing at a high speed to provide the necessary air 
speed along the deck. The resultant heavy gas 
and heat thrown up through the funnels caused a 
tremendous disturbance over the stern, at a height 
of about 25 ft. I came in through this disturbance 
flying a few knots above stalling speed, and this low 
speed, of course, made the aeroplane appear to be 
bumped about far more than it would normally 
be. Within 10 ft. of the deck, and vertically over 
the aft end, the air was relatively steady, and I 
made a normal landing. The boards which held the 
wires off the deck had to be placed vertically and not at 
a slight angle, as at the Grain aerodrome, because the 
vibration of the ship caused them to fall down. It was 
unfortunate that the aeroplane touched down right on 
top of one of these boards, resulting in a broken skid 
(see Figs. 11 and 12, on page 100). 

However, in 30 minutes a new skid had been 
fitted, and the machine was again ready to take the 
air. Wing-Commander Busteed wished to make a 
flight, and the aeroplane was got forward to the 
flying-off deck for this purpose. Busteed made three 
attempts to land. In all three, he came in at the 





speed at which one would approach an aerodrome. 
On the first two approaches, he turned away just in 
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Fig. 11. 
H.M.S. “* Furious.” 


time to avoid the masts on which the rope net was 
suspended. In the third attempt, he was still 
flying about 10 ft. above the deck and only 30 ft. 
from the net, when he put his nose down in an 
attempt to hook the wires. Although he touched 
the deck, the hooks did not engage, and he bounced 
off into the net, totally wrecking the machine. 
Fortunately, I had given instructions for a huge 
pad to be placed on the gun fitting that had stunned 
Dunning, and he got off lightly with a badly bruised 
face. The result was very disappointing, for 
Busteed was a first-class pilot of great experience ; 
but my confidence was not shaken, for I realised 
he had not practised the very slow approach which 
I had deemed necessary for a successful landing. 
Next day, other pilots were sent off and, after each 
had made two attemps to land, the Captain put 
the helm over and cancelled the flight. He had 
become superstitious about a third attempt, for two 
attempts had ended disastrously—Dunning and 
Busteed. 

I decided that I would make a second landing to 
inspire confidence and to find out if a low approach 
would enable the funnel gases to be avoided. I came 
in fairly low and landed on the after end of the deck, 
just behind the wires. The lift was an inch or two 
down, due to the stretch in the new hoisting wires, 
and the ship was not quite head to wind, causing a 
slight drift. The skid undercarriage caught on the 
edge of the lift well and the aircraft went gently up 
on its wing tip (Fig. 13, page 108). Knowing the 
weakness of the undercarriage, I assumed it had 
broken and was therefore afraid to switch on my 
engine lest the propeller should catch the under- 
carriage struts and the parts injure the men whom 
I knew would be running towards me. The machine 
righted and, too late, I realised my chassis was 
intact ; but now my engine had stopped and the 
aeroplane drifted very sedately towards the ship’s 
side (Fig. 14, page 108). It stayed there about 
30 seconds and then began to roll over. I was 
ready to jump and, as it rolled, I leaped into the sea, 
55 ft. below. The ship was steaming at 28 knots. The 
machine rolled inboard on to the triple torpedo 
tubes (Figs. 15 and 16). I was picked up 20 minutes 
later by the lifeboat, unhurt, except for two lovely 
black eyes. 

I had twice demonstrated the practicability of 
landing on this deck. This type of accident, I felt, 
could be avoided in future if wheels were again 
used. We at once abolished the skid type of chassis, 
but after a conference it was decided that no further 
attempts would be made to land on this deck. All 
the pilots were against it. Many landings were 
made later with the ship at anchor, in a steady wind, 
thus proving that the funnel gases were the major 
cause of the disturbed air. It must be remembered 
that, with the air-cooled rotary engines of that time, 
the pilot had to exercise great care to keep his engine 
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supplied with the correct mixture. Any change in 
the throttle necessitated a re-adjustment of the 
supply of petrol to the engine, to avoid “* choking ” 
or “ starving,” for there was no carburettor. The 
petrol was fed to the crankcase and the “ throttle ” 
was simply a means of adjusting the amount of air 
entering the crankcase. Until the end of the 
war, the Furious remained an aircraft carrier with 
the Fleet. In 1922, plans were put in hand to con- 
vert her completely into a flush-deck carrier. 

In the meantime, a number of ships had been 
put in hand for conversion to carriers. The 
“heavy” light cruiser Cavendish, renamed Vindic- 
tive (see Fig. 17, on page 108) was made similar to 
the Furious. The Argus came along too late to take 
any part in hostilities, but was invaluable as a train- 
ing and experimental carrier. A mock-up of an island 
was fitted to her to see if it interfered with landings, 
and many types of arresting gear were tested on 
her. As aircraft became heavier, it was found that a 
retarding device was necessary and that they would 
stay on the deck without the holding-down type of 
arresting gear. The Eagle was not completed till 
long after the war. She was originally the battle- 
ship Almirante Cochrane, under construction for 
Chile at the outbreak of war. The Almirante 
Latorre, originally her sister ship, was farther 
advanced and became the battleship Canada, which 
did duty with the Grand Fleet. The Hermes, as 
previously mentioned, was the first ship to be laid 
down as a carrier, but as she was only 600 ft. long 
and had relatively slow speed, she could not be 
regarded as a useful fleet carrier. The Glorious and 
Courageous were later converted and proved worthy 
sisters to the Furious. 
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History of the British Railways During the War, 1939-45. 
By R. BELL, C.B.E. Offices of The Railway Gazette, 
33, Tothill-street, Westminster, S.W.1. [Price 25s.] 

THE author of this excellent factual report on the 

war work of the British railways was assistant 

general manager of the London and North Eastern 

Railway at the time of his retirement in May, 

1943, so that he is well equipped with the inside 

knowledge of railway working which is essential 

in anyone who would attempt to interpret the 

masses of operating statistics on which such a 

survey must be based. He writes clearly and 

well, neither over-dramatising the more spectacular 
incidents nor tending to lose the thread of his 
narrative in the endeavour to include every detail ; 
and Sir William V. Wood, President of the London 

Midland and Scottish Railway and chairman of the 

General Managers’ Conference, states no more than 

the bare truth in claiming, in the foreword, that 
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‘all who are interested in the work of the railways 
in these memorable years will be indebted to him 
for this volume.” 

Surprising as it may seem, the policy of the 
Government with regard to the railways, in the 
event of war, was not disclosed to the railway 
executives until September, 1938. On the 24th 
of that month, the Minister of Transport made an 
Order appointing the Railway Executive Committee 
as an advisory body “ with a view to securing that 
in a national emergency the powers and duties of 
the undertakers are exercised in the interests of 
public safety, or for maintaining supplies and 
services essential to the life of the community.” 
Presumably, some such wording was more or less 
inevitable in a legal instrument of this kind, and 
no reflection was intended (however it might appear 
to an impartial reader) on the manner in which the 
railways normally exercised their powers and 
discharged their duties, or might be expected to 
regulate their operations in time of war. The 
Munich agreement dispelled fears of immediate 
hostilities, but obviously it only provided a breathing 
space, and the Committee therefore pressed on with 
their scheme for a war-time organisation. How 
well they worked, and how complete was the 
scheme, were amply demonstrated when, less than 
a year later, the time came to put it into action. 

Of the financial arrangements made with the 
Government, and the strong feelings that have been 
aroused subsequently by their one-sided modifica- 
tion, little need be said here; the facts of the case 
will be found well summarised in Mr. Bell’s book, 
which devotes separate chapters to these arrange- 
ments and to rates and charges, the second financial 
agreement, and railway salaries and wages. It 
may be noted, however, that the total of salaries 
and wages paid by the main-line railways increased 
from 105/. millions in 1939 to nearly 1771.millions 
in 1944; and that the estimated total for 1946 
is of the order of 196. millions, or only some two 
millions less than the entire national revenue in 
1913-14, and nearly half of the railways’ gross opera- 
ting receipts in 1944. By way of comparison, Mr. Bell 
gives some broad statistics relating to the railways 
of the United States during the war. Like the British 
railways, they carried a considerable overload, but 
they came out of the war with their financial 
position appreciably improved. 

Enemy attacks on the British railways caused 4 
certain amount of inconvenience, especially in the 
London area, but nothing approaching prolonged 
dislocation. This satisfactory outcome was partly 
the result of the policy of dispersing the key operat- 
ing and maintenance staffs—of which full particulars 
are given in the book—and preparing, at strategic 
points, reserves of material, and expert repair squads, 
in readiness for expected enemy action. It is 
obvious, however, that the railways, like the rest 
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of British iam, owe a great debt to the pro- 
tection afforded by the three Services ; particularly, 
perhaps, the Royal Air Force. The number of 
* incidents ” which caused damage or delay 
amounted to more than 9,000, which seems a large 
total at first sight; but only eight locomotives were 
destroyed and 484 damaged by enemy action, out 
of a total of nearly 20,000, which is in marked con- 
trast with the locomotive casualties in enemy-owned 
or enemy-occupied territory in Europe. In general, 
the book is very informative on the engineering 
side, considerable space being devoted to the exten- 
sive civil-engineering work resulting from the war, 
and to the burden placed upon the railway shops 
in maintaining a steady output of heavy and light 
munitions, including tanks, guns and gun carriages, 
aircraft parts, shells and bombs, bridges and bridge 
rts, and even landing craft and assault boats. 
The steel works at Crewe, where the London and 
North Western Railway used to roll their own 
rails, was restarted by the Ministry of Supply and 
produced 146,000 tons of steel. One of the most 
remarkable features of the work of the railways 
throughout was the way in which they undertook 
burdens which were outside their normal purpose 
and experience. The book is full of such instances, 
but probably their finest accomplishment—a railway 
task, but abnormal in the extreme—was the organi- 
sation, almost at a moment’s notice, of the 620 trains 
which collected and distributed the troops from the 
Dunkirk evacuation; yet even this occupies only 
30 lines in a book of nearly 300 pages, of which not 
one is superfluous. 


World Power and Atomic Energy: The Impact on Inter- 
national Relations. By Dr. H. E. WIMPERIs, C.B., 
O.B.E. Constable and Company, Limited, 10-12, 
Orange-street, London, W.C.2. [Price 6s. net.] 

“Tue door of Creation’s great storehouse of atomic 

energy has been forced and stands ajar,” writes 

Dr. Wimperis, in his preface to this compact and 

thoughtful survey of what may be the consequences ; 
‘nothing since the discovery of how to make fire | 


has so added to Man’s physical control over the | prepared to spend anything up to ten million dollars. t 


forces of Nature.” To this the comment may be 
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The first of ci in which an atomic bomb was 
exploded in the air above the anchored “ guinea- 
pig ” fleet, was less devastating than many prophets 
had predicted, and, to judge by some Press com- 
ments, may have had the effect of minimising the 
influence that the new weapon might be expected 
to have upon the conduct of future wars; but any 
comfort that might be derived from the first test 
appears to have been effectively dispelled by the 
second, in which an atomic bomb was exploded 
under water, comparatively close to several large 
ships. As an under-water weapon, evidently, the 
bomb is extremely deadly ; so much so that it is 
difficult to conceive of any development of naval 
architecture that could provide effective protection 
against it. More than ever, therefore, do the 
portents point to the absolute necessity of some 
positive control over its manufacture and use if 
the whole future of civilisation is not to be hopelessly 
imperilled. ‘‘ Peace unbacked by Power remains a 
dream,” as Field-Marshal Smuts is quoted on the 
title page of Dr. Wimperis’s book; but Power 
unaccompanied by some assurance of Peace has 
become a self-evident nightmare. It is to be hoped 
that this expression of scientific opinion, and others 
which support the same view, may by their cumula- 
tive influence divert the new power, which atomic 
energy confers, into permanently peaceful channels. 





Strange Commissions for Henry Ford. By H. F. Morton, 
M.I.Mech.E. The Herald Printing Works, York. 
(Price 30s. fully bound or 21s. quarter-bound ; postage 
ls. 2d.) 


for he has done a great deal else), Mr. Morton, in 
writing this book, has provided an invaluable 
argument for use against those who contend that 
it is a waste of time for an engineer to study engineer- 
ing history: though it is a reasonable riposte that 
the most profound knowledge of early engineering 
practice is no assurance whatever that another 





opportunity such as his will be forthcoming—to 
| comb the British Isles for ancient machinery to | 
stock @ new museum on which the founder was | 


In the interests of accuracy, someone ought to 


Ir he has done nothing else (which is not the case, 


ror 


The book is a valuable first-hand record of a 
unique undertaking, and the only regret that 
readers of it are likely to feel is because of its incom- 
pleteness. No attempt is made to provide a cata- 
logue of the material collected, which was much 
more extensive than Mr. Morton’s account indicates ; 
the incidents which form the various chapters appear 
not to be given in chronological order—indeed, some 
dates can only be ascertained indirectly from the 
context ; and, in some respects, the character of 
Mr. Ford himself appears to be the main motif, 
rather than the “strange commissions ”’ indicated 
by the title. ‘‘ At the moment,” the author wrote 
in a letter to ENGINEERING, “ the edition is a private 
one, limited to 100 copies, but if any are left after 
distribution, copies could be had from the writer,” 
at the prices indicated above. We would venture to 
suggest to Mr. Ford that he should charge Mr. 
Morton with one more commission—to produce an 
edition for general sale, with an annotated and illus- 
trated list of the British engineering specimens which 
have gone to Dearborn; the time may not be so 
far distant when it may become in itself a histori- 
cal document of great significance. 





THE PROBLEM OF INCENTIVE IN 
INDUSTRY.* 
By 8. W. Hypg. 


THE question of incentive probes deep down into the 
very springs of human conduct and aspiration. Man is 
an emotional creature. He never has lived and he 
never will live by the pure, but rather bleak, light of 
reason. He decides questions of right or wrong for 
himself by the use of his emotions and then whips 
reason in at his heels to provide him with a rationalised 
frame for his decision; and there is not one in the 
whole range of his emotions that is not bound’ up with 
this business of incentive. The fact that there is a 
problem of incentive is not altogether new in the history 





of the world, although in its present form it is new. 
What has brought it up in an acute form in our own 
day and our own country is the tremendous complica- 
tion of our industrial life—the subdivision of function, 
he intricate interdependence of all upon one another. 
| Over by far the greater part of the world throughout 
this history of mankind, whether recorded or not, men 


safely added that, in all history, no cataclysm of | exhume from the legal records of the United States ious teens ne diene erences. a aetna 
Nature or devastation wrought by man has so |the full context of Mr. Henry Ford’s oft- -quoted | to hand by which aivalies coukl ts nied Gt to, 


impressed the people of the world as did the atomic | 
blotting-out of Hiroshima ; and yet, so little does the | 


| allegation that “ History is bunk.” According to | 
| the Oxford Dictionary of Quotations, it was made in 


modern world appreciate modern scientific magic | July, 1919, when he was giving evidence on his own 
that the impression caused by the atomic bombing | behalf in his libel suit against the Chicago Tribune ; 


of Nagasaki was noticeably less profound, and, if 
the use of this new weapon had persisted for a 
month or so, it is doubtful whether it would have 
continued to stir the imagination much more than 
did, say, the Royal Air Force’s 10-ton bomb, a 
month after its introduction. That numbness of 
the public mind is a potential danger of the first 
magnitude, which direct and simplified studies such 
as this by Dr. Wimperis should go some way to 
avoid; though there is still too much reason to 
fear that their influence may be largely nullified 
because the people who need the stimulus most are 
not those who are most likely to read them and 
absorb their message. 

A brief introductory chapter leads to a short 
study of *‘ The Menace in War ” which is threatened 
by a combination of the destructive power of atomic 
energy with the flying-bomb and rocket techniques 
which are already developed. “The Source of 
Atomic Energy ” is the subject of the next chapter, 
which is followed by an examination of the “‘ Possi- 
bilities of Industrial and Economic Development ” 
—for example, by irrigating such arid areas as the 
inland regions of Australia, which might be feasible 
if atomic energy could replace the present relatively 
cumbersome methods of generating electric power. 
The keynote of the book is to be found in the final 
chapter, discussing “The Need for Control”; a 
need that is emphasised by the first appendix, a 
reprint of the Three-Power statement of November, 
1945, on atomic energy, and underlined further by 
the second appendix, in which Dr. Wimperis reviews 
the progress made in extending the range of rockets 
and the possibility of rocket flight across the 
Atlantic. 

The preface is dated February 14, 1946, showing 
that the book was written without reference to the 
experiments of the United States Navy at Bikini. 





but more than that the O.D.Q. does not say. Quite | 
evidently, however, it did not mean that he thought 
the history of engineering unworthy of serious 
attention ; or else, in a very few years, Mr. Ford’s, 
opinion on the subject underwent a violent change, 
possibly as a result of the good work of Sir Francis 
Ogilvie and Sir Henry Lyons in reorganising the 
Science Museum at South Kensington, which he 
has admitted to have stimulated greatly his desire 
to provide the United States with one worthy to 
compare with it. Mr. Morton’s duty, supplemen- 
tary to his normal occupation as plant engineer 
at the Ford works in Manchester, was to locate, 
acquire, transport, and re-erect at the new museum, 
situated at Dearborn, Michigan, sufficient engineer- 
ing antiques to fulfil this part of Mr. Ford’s ambition ; 
and, despite an initial setback, when the South 
Yorkshire mineowners declined to sell the New- 
comen pumping engine at Elsecar, he carried out 
his task with remarkable success, as well as a 
consideration for local and other feelings that was 
not always appreciated by those who lacked full 
knowledge of the circumstances. In view of the 
heavy casualties that have since occurred, especially 
during the war years, among the diminishing relics 
of early engineering practice—to some extent, 
perhaps, the direct work of the enemy, but much 
more as a result of financial considerations, successive 
scrap-collecting campaigns, and sheer apathy on 
the part of the owners and public authorities—the 
British people would do well to forget any annoyance 
they may have felt about Mr. Ford’s acquisition 
of their old plant, much of which was derelict when 
he bought it. A calmer judgment must admit that 
he has probably been the means of preserving 
for posterity a large number of historical machines 
and examples of other plant which would have been 





swept into oblivion if he had not rescued them. 


| need much more in the way of an incentive. The 
hunter dependent upon the results of his own efforts 
in the chase for food and clothing, the peasant working 
upon his own parcel of land and watching with an 
anxious eye the procession of rain to germinate and 
feed, and sunshine to swell and ripen the crop—these 
have been the norm in human history. About them 
may have been grouped a small body of local craftsmen 
—workers in wood and crude pottery, spinners and 
weavers and leather workers. Often the peasant him- 
self doubled these roles. Almost always his wife, or 
wives, participated equally in these activities. Whether 
or not the functions were separated, we may be per- 
fectly sure that the village carpenter and cobbler kept 
as wary and knowledgeable an eye upon the weather 
and the state of the crops as the man who tilled the 
ground and planted the seed, for a failure of the harvest, 
a blight upon the corn or a murrain among the beasts, 
meant starvation for them as surely as it did for the 
peasants. 

This simple and direct relationship between work 
done and ability to exist still rules throughout the 
greater part of the world to-day. Four hundred million 
people in China, four hundred million people in India, 
vast numbers in the interior of Asia, of the whole of 
Africa, of South America, of the scattered islands of 
the sea, and indeed of a great part of Europe, still live 
from hand to mouth, consuming the produce that their 
own individual toil has succeeded in wringing from 
reluctant Nature. To them a discussion on the hours 
of labour, on the rate of pay, on the basic amenities, 
on the amount.of effort to be put forth for what reward, 
would appear not merely academic but meaningless. 
They know that they have to rise with the sun and work 
until they can no longer see, in order, not to amass 
riches, but to provide themselves with the bare neces- 
sities of shelter from the elements, to keep the breath 
in their bodies, and to raise up children to follow in 
their footsteps. That, I repeat, is the normal state of 
the greater part of the world to-day ; for there is an old 
and reputable saying which lays down as an axiom that 
if a man will not work, neither shall he eat. 

Significant to-day is the fact that, even in com- 
munities where the call of self-preservation was so 
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direct and imperative, and where the margin between 
success and failure was so tiny, conditions became so 
unbearable at times that incentive failed. The Children 
of Israel consented, not without tears and groans, to 
make bricks; but when they were ordered to make 
bricks without straw they thought they might as well 
be dead as remain alive to endure such misery, and they 
revolted. Twice within a few centuries in France the 
peasantry, ground down by torture, by taxation, by 
extortion and barbarous custom of every kind, literally 
let the fields go out of cultivation, preferring to die of 
starvation in the choked ditches rather than live another 
day and perhaps another in the foulest destitution. 
Imperial Rome itself, that great civilisation which 
invented the aqueduct and the arch, and established 
peace and equal law over an area and a population never 
since approached in Europe, fell to pieces and was 
swallowed up in the night of the Dark Ages because 
the incentive, essential to a healthy communal life 
dwindled and failed. Peopled at the one end of the 
scale by an inexhaustible supply of slave labour, owned 
by masters who themselves were but slaves of their 
passions and their lusts, the Empire dissolved and 
vanished, the spirit of its inhabitants sapped of all 
incentive. Are we going through such another period 
of disintegration to-day ? For what a certain limited 
number of people were saying a month or two ago is 
freely and universally admitted to-day—there is in 
this country a very definite and indeed critical failure 
of incentive. Our working population is just not turn- 
ing out the goods essential to its life. Why not? 

Before trying to find the reasons for this position, I 
will refer briefly to one or two of the outstanding lapses. 
First and foremost, coal. Before the war, coal was 
relatively abundant for all the purposes for which it is 
required in this country, and it was one of our principal 
exports. To-day we have none to export, only the 
luckiest of householders have supplies enough by 
them for more than a week or two ahead, and our rail- 
ways, gas and electricity undertakings and many of the 
factories, including our own, are hobbling along with 
only the narrow margin of a week between them and 
closing down. There are, of course, fewer men in the 
industry now than there were in pre-war days, but there 
are enough at least to supply the home market with its 
needs. Mr. Shinwell’s repeated exhortations and dis- 
appointed reports to Parliament, culminating in his 
anguished cry that if only the miners would put in four 
full shifts a week on the average, let alone the five and 
a half that they should do, the coal problem would be 
on the way to solution, indicate the extraordinary 
decline in output that has taken place in the mines. 
Indeed, the position is so bad that we look back, not 
to the days before the war as a golden era of plenty, 
but to the war itself as a period of relative comfort and 
freedom from anxiety. Yet, on the face of it, the 
incentives to work are greater now for the miners than 
they were in 1939. Their wages have increased enor- 
mously, amenities such as pithead baths and canteens 
have multiplied, and the prospect of nationalisation, 
the Mecca of the miners’ hopes and ambition for half 
a century, is imminent ; yet the miner, on the average, 
still refuses to put in four days a week producing coal. 

In the building trade the position is, if anything, 
worse. In an article on the cost of houses, on February 
23, the New Statesman and Nation remarked that “‘ The 
extravagantly high prices now charged are due mainly 
to inefficiency, and to the absence of any force making 
for a high level of output from any section of the indus- 
try. These conditions are the result partly of physical 
shortage, and are aggravated by a slackness which 
pervades the entire industry and cannot be attributed 
to war-weariness alone.” One of our own employees, 
a leading trade unionist, told me of an incident while 
his own house was being rebuilt following bomb damage. 
Two men, during working hours, were sitting down 
beside the shattered walls talking and looking at one 
another. He remonstrated with them, saying it was 
his house and he was most anxious to get back into it. 
One replied that he had no bricks. There was a pile 
of bricks on the other side of the road. When our 
friend asked what was wrong with them, the builder 
replied that he wasn’t a so-and-so labourer, he was a 
bricklayer. The second man, appealed to, replied 
that he wasn’t a so-and-so labourer, he was a painter. 
In the end, our employee went across the road and 
fetched a barrow-load of the bricks himself. The brick- 
layer then condescended to go on laying them. The 
Observer, in an analysis of the number of men employed 
in building, showed that it was more expensive in man- 
power to repair one bomb-damaged house than it was 
in pre-war days to build a new one; yet builders’ 
wages and working conditions have probably been 
improved, in the meantime, beyond those of any other 
class of worker. 

So it goes on throughout industry. The same issue 
of the New Statesman to which I have referred contained 
a letter from a gasworker promising the gas companies 
(and, incidentally, the public) that as soon as the 
Essential Work Order finishes there will be a wholesale 
exodus of men from the gas industry because of the 
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hard and onerous work. In the engineering industry, 
the shop unions have submitted an application to the 
employers for, among other things, a 40-hour week. 
This is surely a work of supererogation, because, 
although the present working week is nominally one of 
47 hours, apart altogether from absenteeism and late 
arrival in the morning, the ten or fifteen minutes’ grace 
that elapses morning and afternoon before work is 
started, the ten or fifteen minutes that is considered 
essential to prepare for knocking off at mid-day and in 
the evening, plus at least two ten or fifteen minutes 
intervals during the day for tea and sandwiches, results 
in fact in a working week of something less than 40 
hours. And from all parts come in the same reports of 
reductions in piecework earnings and a widespread 
indifference, and—not only, I hasten to add, on the 
part of the manual workers—a widespread indifference 
both to the quantity and the quality of work done. I 
need not labour the point any further. It is universally 
admitted. What are the reasons ? 

The reasons appear to me to be exceedingly complex. 
First, there is the tiredness and reaction resulting from 
the strain of the war. This is nothing like the positive 
emotion it is commonly stated to be—a conscious feeling 
that we have done a good job and are entitled to relax. 
That emotion did obtain for a short while after the war 
ended, but th feeling now is much more difficult to 
confront and overcome. The intense nervous stimulus 
that keyed us up to work hard for long hours and to face 
discomfort and danger for years on end has been with- 
drawn, and left behind it a lassitude of spirit, an almost 
fatalistic acquiescence in the hardness of fate and of our 
own inability to fight it—the same torpor of purpose 
that led Petain to exhort his compatriots to submit 
their backs to the German lash and so fulfil their destiny 
through suffering. In Biblical phrase, the virtue has 
gone out of us. 

The second reason, I would suggest, is the absolute 
security of employment afforded legally by the Essential 
Work Order, and economically by the shortage of 
labour in every branch of industry. This is particu- 
larly the case with the younger men—and it is note- 
worthy that it is among the younger men throughout 
the country that the failure of incentive is most 
apparent. Men of 45 and over, reared in a tradition 
of responsibility, of personal responsibility, continued 
throughout the war, and still continue, to set their 
younger workmates an example of timekeeping, appli- 
cation and industry which the young men show little 
inclination to follow. The temptations to slackness are 
great. Throughout the whole history of the world up 
1939, idleness, wilful and repeated carelessness, and to 
incompetence carried with them the punishment of 
dismissal and the virtual certainty of unemployment 
and want. Since 1939, in this country, these delin- 
quencies have been subject to no penalty whatever, 
and a generation has grown up which considers even a 
reprimand for such social offences an almost intolerable 
affront to its dignity. Isay,no penalty whatever ; for 
when, on rare occasions, an employer, provoked beyond 
endurance, has summarily dismissed a man and taken 
the risk of being pilloried before a tribunal as a heartless 
bully, the delinquent was either returned triumphantly 
by that same tribunal to his original place of employ- 
ment, or at once placed in other employment by the 
Ministry of Labour. It speaks well, I think, for human 
nature as a whole that under these conditions there has 
mtot been a far greater decline in application, ability 
and discipline. 

There is an obverse side to the picture which might 
have been expected to have proved just as un- 
settling to high-spirited youth. The order that 
gave a young man absolute security also stultified his 
sense of ambition, made it impossible for him to move 
from job to job to increase his experience, to improve 
his conditions or status, or even to see the world and 
meet new people—a very profound desire in youth 
and an essential of its education, and also, incidentally, 
a most necessary fertilising ferment in industry itself, 
akin—if the humble metaphor may be permitted—to 
the action of the earthworms in continuously turning 
over and replenishing the soil. So, in one way and 
another, by encouraging bad work and idleness, and dis- 
couraging ambition and eagerness, the Essential Work 
Order, necessary as it unquestionably was when made, 
has undoubtedly contributed very largely to the failure 
in incentive and the decline in output. 

Third reason—Pay as you earn. I don’t imagine 
that I need to labour this point. Samuel Butler’s 
Hudibras had among his little peculiarities that of 
compounding sins he was inclined to by damning those 
he had no mind to. Income tax is like that. It is a 
fair and just tax so long as it applies to other people ! 
It does not plunder right and left indiscriminately like 
taxes on tea, tobacco and purchases generally, but comes 
down with a thump on those with the ability to pay. 
Nineteen and six in the pound on millionaires—that’s 
the stuff to give them, or rather, to take away from 
them. Ten bob in the pound—what, me? D’you 
think I am going to work overtime for half rate, or 
earn time and a half in order to give it to the tax 
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collector? Not likely! That is the argument, 
However, illogical, absurd and unpatriotic, that is the 
argument, and effective with many thousands of 
people. 

In the fourth place, the whole tradition of the 
factories of this country is against high output. A fair 
day’s work for a fair day’s pay is the immemorial 
dignified cry of the British worker. American workers 
may show ever greater and greater prodigies of achieve. 
ment, the Russians may exalt their Stakhanovites, 
hold them up to nation-wide honour and decorate them 
with the Order of the Red Banner; but their counter. 
parts in this country receive a very cool reception from 
their mates. The man who earns time and a half 
is thought to be sailing pretty close to the wind; 
the man who earns double time is looked upon as little 
better than a blackleg ; the real hero is the man who 
just fails to earn his money and thus provides an 
excellent argument for the upward revision of prices. 
This attitude derives, I think, from three things. One, 
intangible but very real, is the age-old tradition of 
independent craftsmanship in this country, handed 





down without a break from the medieval guilds. 
Another, and more to the point, is the bitter experience 
of a century of chronic unemployment, and the fear 
that completion of the job in hand means, not a little 


bit more for everybody, but dismissal and want. The 
third is the belief, whether justified or not, that high 
piecework earnings mean the cutting of prices and 
consequently harder work in the future for no advantage 
at all. 

This leads on to the fifth reason for diminishing out- 
put, somewhat akin to the previous one, but rather 
more generalised. It is the decay in respect for the 
moral basis and framework of industry. Half a 
dozen generations of economic analysis and argument 
have presented an industrial organisation based upon 
private ownership and a profit-making motive in a 
less and less favourable light. The Fabian case of 
50 years ago, that the pursuit of profits is an inadequate 
guide to the well-being of a highly complex industrialised 
system such as ours, and should be replaced by concepts 
more worthy of a scientific age and incidentally more 
in keeping with Christian principles, has become, in 
these days of yellow journalism and blatant propa- 
ganda, a wholesale and uncritical denunciation of every 
industrialist who manages to keep his head above water. 

So thoroughly has this idea of all profit being an 
evil thing soaked into the public mind that millions 
of honourable men think it no shame, but a definite 
good, to cheat, frustrate, defraud, and in any other 
way open to them despoil their employers because 
their employers are making a profit, however vital 
the industry in which they are employed may be to 
their own well-being or the well-being of the country 
as awhole. Like Samson, they are indifferent to their 
own injury if only they can pull down the pillars that 
support the structure of the hated Philistines. On 
the other hand, if the employer ceased to make a 
profit and went bankrupt, this would be pointed to 
gleefully as a proof of inefficiency. Peculiarly enough, 
all these people do not really object to profit, as such ; 
the co-operative societies may make their profits by 
millions without protest, provided the profits are distri- 
buted widely enough. Indeed, I venture to say that 
the “Co-op.” that failed to distribute a dividend, 
and called instead upon its shareholders for further 
contributions to save the day, would lose quite a lot of 
its popularity. Savings certificates have been bought 
by the thousand million and Savings Banks deposits 
increased by similar amounts over the last few years, 
and only one stalwart here and there among countless 








multitudes has turned his back upon the profit ensuing. 
Still, it is a fact that the conviction that the profit 
motive is not a good enough dynamic for modern 
society, and that the great producing industries upon 
which its life depends should not rest in private hands, 
has been one of the principal agencies in reducing the 
incentive to output in this country since the end of the 
war. Antagonism is rife. The sense of a communal 
effort has vanished. 
(To be continued.) 





HEAT-ABSORBING GLass.—A new glass, to which the 
designation O.N.19 has been given, is being pro- 
duced by Messrs. Chance Bros., Limited, Smethwick, 
Birmingham. It is available in sheets having semi- 
diffusing surfaces, and for optical purposes the material 
must be ground and polished. The glass has a coefficient 
of expansion lower than that of ordinary glass, and hence 
is less liable to fracture when subjected to stresses due to 
thermal changes. The coefficient of linear expansion 
(0 to 100 deg.) is 54 x 10-7 per deg. C. The glass is 
highly efficient as a transmitter of visible light and also as 
a heat absorber. Thus it is claimed that for radiation from 
a@ source at 2,848 deg. K., the total light transmissicn 
for glass 2-mm. thick, is 88 per cent., and the total 
heat transmission, 14 per cent. For a glass thickness of 
3 mm., the total light transmission is 87 per cent., and 








the total heat transmission 8-5 per cent. 
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AMPLIDYNE ELECTRICAL CONTROL SYSTEM. 
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THE exacting conditions which are a feature of | concentric coils, and, as will be seen, is carried in slots 


modern industrial installations frequently render it | in the pole. 
, torque and | the wound stator of an Amplidyne and shows the inter- 


necessary for the voltage, current, s 


Fig. 3 is reproduced from a photograph of 


other characteristics of the electrical equipment con- | pole and compensating windings and two field windings. 


nected with them to be controlled within narrow limits. 
Automatic apparatus is usually employed for this 
purpose, as it is both more accurate and more rapid, 
and thus enables a higher output to be secured with 





The Amplidyne can be used either for controlling 


| automatically certain quantities or for amplification, 


usually in conjunction with some other form of auto- 
matic regulator. In the first case, two opposing field 


economy. Among the latest type of equipment designed | windings are employed, as shown in Fig. 4. The 


for this purpose is that constructed by Messrs. British 
Thomson-Houston Company, Limited, Rugby, and 
known as the Amplidyne. 


| 


first of these, a, is known as the reference field and is 
excited by a current which represents the desired value 


This machine is essen-| of the quantity to be controlled. The other, 6, is 


tially a direct-current generator with an unusually low | known as the control field and is supplied with a 


field power. Its performance may be compared with 
that of a combination of generator and exciter, in 
which the generator output is controlled by regulating 
the exciter field. The ratio of output power to control- 
field power, however, is exceptionally high and can, 
in fact, be easily made as great as 20,000 to 1 in a 
2-5-kW machine. 

A diagrammatic representation of the Amplidyne is 
given in Fig. 1. The main field is set up by a current in 
the armature, which flows between special quadrature 
brushes a and a,. As will be seen, these quadrature 
brushes are connected together and are placed at right 
angles to the main brushes 6 and 6,. Current is circu- 
lated in the quadrature circuit by a control field c¢, 
by means of which a voltage is induced between the 
main brushes. This voltage is quite small and therefore 
the control-field power is also small. As the control 
field is on the same axis as the armature-reaction field 
of the main load current, the latter is neutralised by a 
compensating winding d, which is wound on the stator 
and is connected in series with the main brushes. The 
armature-reaction field of the main load current is, 
therefore, prevented from interfering with the control 
field. The main and quadrature currents both flow 
in the same armature conductors, being in the same 
direction in some parts of the winding and in the 
opposite direction in others. 

In order to obtain good transient response, the 
magnetic circuit of the Amplidyne is usually fully 
laminated. Details of the punchings used and the 
location of the various windings are shown in Fig. 2, 
where a is the control-field winding and 6b the com- 
pensating winding. The latter is divided into several 





| current which is dependent on the actual value of this 


quantity. Any appreciable departure of the controlled 
quantity from the desired value will upset the balance 
of the fields and thus alter the net excitation and conse- 
quently the voltage generated by the Amplidyne c. 
The armature of the latter is connected to the genera- 
tor d which is being controlled, so that this change in 
voltage will tend to restore the controlled quantity to 
the desired value. 

These general principles are illustrated in Fig. 4 by 
showing an Amplidyne employed as a voltage regulator. 
As will be seen, it is arranged as an exciter with its 
reference field a supplied from a constant voltage 
system and its control field b connected across the 
terminals of the generator d, so that the net excitation 
is the small difference between the two fields. Under 
these conditions, if the generator voltage tends to fall 
the control field of the Amplidyne is reduced and conse- 
quently the net excitation rises. The voltage therefore 
also rises, the excitation of the generator being thus 
increased until balance is restored. It is claimed 
that such an arrangement enables a considerable net 
increase in the excitation of the Amplidyne to be 
obtained at the expense of a very slightly reduced 
generator voltage. For instance, let it be assumed that 
under certain conditions the generator voltage and the 
ampere-turns on the Amplidyne control field are both 
represented by 100 and the ampere-turns on the Ampli- 
dyne reference field by 105, that is, that a net excita- 
tion of 5 on the Amplidyne is sufficient to produce the 
required generator field. If the generator me is now 


increased to an extent which, without correction, would 
cause its voltage to fall to 90, this fall can be corrected 
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by increasing the Amplidyne voltage from 5 to 6. 
In other words, instead of increasing the generator 
excitation by 20 per cent., as would be necessary under 
normal conditions owing to saturation, correction 
can be effected by reducing the control field from 
100 to 99. The generator voltage will therefore have 
fallen only 1 per cent. instead of 10 per cent. as it 
would have done without the Amplidyne. Finally, an 
alteration of the reference field, by means of the 
rheostat, will enable the generator voltage to be 
adjusted to a new value at which it can be maintained 
approximately constant. 

Among the incidental advantages claimed for the 
Amplidyne is its rapidity of response, since a com- 
paratively small movement of the rheostat will change 
the net excitation by a very much larger amount. 
The voltage applied to the generator field is thus 
temporarily altered far more than is ultimately required, 
with the result that its field changes much more quickly 
than would otherwise be the case. Moreover, as the 
current through the rheostat in the Amplidyne reference- 
field circuit is very small, compared with that in the 
generator field, the rheostat can also be made very 
small and light to operate. . 

The Amplidyne can be used as a current regulator 
by connecting its control field across a shunt in the 
generator output circuit instead of across the generator 
terminals. Fig. 7, on page 104, shows such an arrange- 
ment applied to a system for hoist, winch or capstan 
control, in which the armatures of the various motors, 
m,, M, and m, are connected in series in a single circuit 
and are supplied with a constant current. The torque 
exerted by each motor is controlled by adjusting its 
separately excited field a, while the self-excited field 5 
stabilises the speed. The motor is cut in or out of 
circuit by the contactor c, while contactors d and e 
control the direction in which the torque is exerted. 
In this case, the Amplidyne f adjusts the excitation 
of the generator g so as to maintain constant current 
in the series circuit irrespective of the number of 
motors in service and their loads and speeds. An 
installation of this kind in the cable-laying ship 


“ENGINEERING” 





104 








THE 


ENGINEERING. 


AMPLIDYNE ELECTRICAL CONTROL 


MESSRS. BRITISH THOMSON-HOUSTON 


COMPANY, 











t 










































































(@a0.£) “ENGINEERING” 
Fig. 9. 
a Y 
a3 B 
et” Fie. 8. 
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voltage vectors at right | 
angles. The relation of | 
a the voltage vector to the 
9g supply voltage, and hence | 
lcd the actual power factor | 
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H.M.S. Monarch is illustrated in Fig. 8. It can also 
be used for reel drives on strip-rolling mills. In this 
case the Amplidyne is employed to control the field 
of the reel motor so that constant current is maintained 
in its armature. 

Referring again to Fig. 4, if the load is a motor 
armature with fixed excitation, the speed of the latter 
can be controlled by altering the generator voltage. 
Such an arrangement can be utilised to maintain the 
rope speed constant on winding engines operating on 
the Ward-Leonard system where a considerable change 
in load occurs as one rope is wound up and the other 
unwound in a deep shaft. It also gives the operator 
close control of the speed when manceuvring, while the 
manual effort necessary to adjust the rheostat is much 
smaller than would be the case if the latter were 
inserted in the generator field. If astill closer control of 
the speed is required, or it is desired to regulate the 
speed of a motor operating from a constant-voltage 
supply by adjusting its field, the field of the Amplidyne 
can be fed from a tachometer-generator driven by the 
motor. 

If the supplies available for the reference and control 
fields are alternating, they must be rectified before 
being fed to the windings. This is necessary, of course, 
when the Amplidyne is employed for the control of 
power factor, an application which is interesting since 
it involves the control of the relative values of two 
quantities both of which are variable. The arrangement 
employed in this case is shown in Fig. 9, from which it 
will be seen that the exciter a of the synchronous 
motor 6 is provided with two fields c and d, one of which 
is supplied from a constant-voltage source e and the 
other from an Amplidyne f. The Amplidyne has two 
opposing fields g and h, which are supplied through 
rectifiers i. If the power factor is equal to the value 
for which the equipment has been set up, these two 
fields will be nearly equal. If, however, it departs 
from the set value, the fields become unbalanced. 
Sufficient excitation is then provided by the Amplidyne 
to the main exciter to restore the power factor to the 
original value. Similarly, the system can be used to 
maintain the reactive kilovolt-amperes constant. 

To maintain the power factor constant, the slider k 
in Fig. 9 is fixed midway along the tapped reactor J. 
The Amplidyne is used to maintain the voltage applied 
to the field across the resistor and one-half the reactor 
equal to the voltage applied to the field connected 
across the resistor and the other half of the reactor. 





constant reactive kilo- 
volt-amperes, this phase shifter is fixed so that the | 
voltage across the reactor k is at right angles to the | 
voltage in the Y-phase of the supply and the reactor | 
tapping point is moved to a position, which depends 
on the value of the reactive kilovolt-amperes to be | 
held. As before, the Amplidyne maintains the voltages | 
across the fields equal, but as the tapping point is not | 
now at the centre of the reactor the current and voltage 
vectors are no longer at right angles, but at an angle | 
depending on the reactive kilovolt-amperes required | 
and the load 

Fig. 10, opposite, illustrates a motor-generator set | 
driven by a 2,870-kVA Amplidyne controlled synchro- | 
nous motor. The exciter set is shown in the foreground, 
the Amplidyne itself being the right-hand machine. | 
The pillar from which the power factor control can be | 
set for either constant power factor or constant reactive 
kilovolt-amperes is visible on the extreme right. This 
set supplies a 3,000-h.p. reversing motor, which drives 
a light-alloy sheet mill in the Falkirk works of the 
British Aluminium Company, Limited. The load on 
this mill fluctuates rapidly and frequently between no 
load and twice full load, so that the use of automatic 
power factor control not only relieves the system of 
violent swings, but permits the employment of a 
smaller synchronous motor, owing to the reduced 
values of the r.m.s. kilovolt-amperes in the stator and 
of the field excitation. 

In maintaining some quantity—or the ratio between 
two quantities—at a predetermined value, which may 
be adjusted manually, the Amplidyne may tend to 
take some part of the equipment beyond the designed 
limitations of current, voltage, etc., either because the 
conditions are abnormal or because the pre-setting of 
the controlled quantity is inappropriate. It is, how- 
ever, easy to provide means whereby the normal 
functioning of the automatic control is modified so 
as to keep a particular factor or factors within pre- 
scribed limits. The method of doing this is illustrated 
diagrammatically in Fig. 5, page 103, which shows part 
of the control system used on a reversing rolling mill. 
The speed of the motor is controlled first by bringing 
up the voltage applied to its armature and then by 
weakening its field. The motor field is excited by an 
Amplidyne a, which, in turn, is excited by the difference 
between the reference field b and the control field ¢, 
the latter being dependent on the motor field current. 
When the speed of the mill is increased by moving the 
driver’s controller, a resistance is inserted in field b, 
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thus causing the Amplidyne to reduce the current 
in the motor field circuit until fields b and c are again 
approximately balanced. The amount of torque 
required from the motor is determined by the amount 
the metal is reduced and upon its temperature. The 
weaker the field of the mill motor the greater will be 
the armature current necessary to produce this torque. 
If the controller is pushed over to maximum speed 
when this heavy torque is demanded, the motor field 
will be weakened to a point where the armature currant 
is excessive and the motor will be tripped out. To 
prevent this, the Amplidyne is provided with a third 
field d, which is excited by the difference between the 
voltage drop across a shunt in the motor-armature 
circuit and that across a selected portion of a potentio- 
meter e, which is supplied from a constant-voltage 
source. A metal rectifier g is included in the circuit, 
so that current can only flow through field d in such 
a direction that it will strengthen the mill-motor field. 
The potentiometer is set so that the voltage tapped off 
equals the voltage drop across the shunt when the 
mill motor is carrying its maximum permissible current. 
As long as the mill-motor current is less than this 
value and the drop across the shunt is less than that 
across the potentiometer, the rectifier prevents any 
current flowing in field d. As soon as the current in 
the mill-motor armature exceeds the predetermined 
value, however, the drop across the shunt will exceed 
that across the potentiometer and the current through 
the field d will strengthen the mill-motor field. A weak- 
ening of the Amplidyne control field is then balanced by 
an increase in field d so that the mill-motor field is not 
further weakened. The circuits are proportioned so 
that the necessary increase in field d is brought about by 
a very slight increase in the armature current of the mill 
motor. The advantages claimed for this load-limiting 
circuit are that the operator can push his controller 
over to the full-speed position while the motor speed is 
automatically limited to the maximum at which it can 
handle the imposed load. There is no tendency, 
therefore, for the operator to slow down to avoid the 
risk ef tripping out and the mill can be utilised to its 
full capacity. Load limiting of this type has been 
employed on a motor driving a 32-in. section mill of 
the Cargo Fleet Iron Company, Limited. The motor 
generator set supplying this 12,000-h.p. reversing mill 
motor is visible in the background of Fig. 11, opposite, 
while in the foreground is the auxiliary exciter set, 
which includes two Amplidynes for controlling the 
generator and mill motor fields. 

Where a very high degree of accuracy is required, 
or the power available for initiating the control is 
aman small, the Amplidyne can often be used 
conveniently. Its field is then supplied from an 
electronic circuit, in which so called ‘‘ hard” valves 
are incorporated. A typical example of such an appli- 
cation is the remote positioning control system which 
was used during the war on searchlights, guns and 
radar aerials. The elements of this system are shown 
diagrammatically in Fig. 6, on page 103. In this 
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FOR AIRCRAFT GuN TURRET. 


system, both the transmitter a and the receiver, or | 
object to be controlled, b are coupled to small Selsyns 
¢ and d. The electrical circuits are arranged so that 
when the alignment of the transmitter and receiver is 
correct no output is received from the Selsyn d. On the 


other hand, if there is an error in the alignment a voltage 
proportional to that error will be received from it. 
This output is amplified electronically at e and is 
then applied to the field of an Amplidyne, so that 
corresponding voltage is produced across its armature 








| 








terminals, As the rating of the driving motor in this 
case is low, the Amplidyne itself is used as a Ward- 
Leonard generator and supplies directly the armature 
of the motor connected to the object to be controlled. 
This motor, therefore, rotates in the direction necessary 
to reduce the error to a negligible quantity. An 
Amplidyne set is used in this way for positioning the 
aerial of the mobile centimetric radar equipment, 
known by the code name Glaxo. On this equipment 
two independent controls of the type just described 
are used, one for moving the aerial in azimuth and 
the other in elevation, so that two Amplidynes are 
required. A view of a similar lightweight set com- 
prising two Amplidynes and a driving motor for use 
in aircraft gun-turret equipment is illustrated in 
Fig. 12. 





DEMONSTRATION OF *“ FORK-LIFT’’ 
TRUCKS. 


A pEmonstTRaTION of “ fork-lift”’ trucks of British 
and American manufacture was given at the Central 
Ordnance Depot, Feltham, Middlesex, on Monday, July 
29, in the presence of the Director of Ordnance (Major- 
General W. W. Richards, C.B.) and representatives of 
service and civil Government departments, as well as 
of railways companies and other haulage concerns. A 
“* fork lift’ truck may be defined as a mechanically- 
operated vehicle, to the front of which steel carrying 
forks are fitted. These forks can be raised or lowered 
on an adjustable “ head,” and can be inserted beneath 
piles of stores which have been previously stacked on 
specially designed platforms of steel or timber, known 
as pallets. The truck itself is designed to manwuvre 
in a very limited space; and, it is claimed, that, 
with its assistance, goods can be off-loaded from a 
railway wagon or lorry, transported on the forks and 
| easily and quickly stacked in the stores to the full 
| height of the lifting head by the driver without assist- 

ance. Conversely, goods can be withdrawn from the 
| stores and loaded for transport with the same economy 
|of labour. A crane attachment can be fitted, instead 
of the forks, to permit the movement of heavy, cases 
and awkward articles, while trains of stores stacked on 
special low-loading trailers can also be hauled. 

Several different patterns of trucks were demon- 
strated, and their performance did much to justify 
the claims made for them, especially in respect of 
maneuvrability and rapidity of handling. Some 
allowance must, however, be made for the famili- 
arity of the drivers with the vehicles they were using. 
| As a first test of their capabilities the trucks were 
required to operate in a 12-ft. gangway, moving stores 
between pre-arranged locations. As the overall lengths 
of the trucks, less the forks, varied from 5 ft. 4 in. to 
about 10 ft., this in some cases required the exercise of 
considerable skill, as did the accurate stacking of the 





| cases, which weighed from 2,000 Ib. to 6,000 Ib., accord- 


ing to the capacity of the vehicle. Even more ingenuity 
was demanded in the turning test, during which the 
driver was required to manipulate the truck as close as 
possible to a post and then to come to rest on a mea- 
sured line. 

The lifting capabilities of the mechanical equipment 
were demonstrated by elevating the load to the maxi- 
mum lift of the truck and lowering it to the ground. 
These heights varied from 9 ft. to 12 ft., according to the 
design of the truck. The mechanism incorporated in 
the vehicles for this purpose is the novel part of the 
equipment, and this particular demonstration seemed to 
indicate that more attention to its design and manufac- 
ture may yet be required in some cases. Other tests 
included one to demonstrate the speed of travel, and 
another was arranged to show the moving capabilities of 
this type of truck against such normal handling hazards 
as a railway crossing, a gully 4} in. deep, a ramp and 
rough ground, as well as the possibility of halting and 
starting on a 1 in 8 incline. During all these demon- 
strations the trucks were fully loaded. 

The trucks of Britich origin demonstrated included 
the “ Commando,” which is manufactured by Messrs. 
Coventry Climax Engines, Limited, Widdrington- 
road Works, Coventry; the “ Merlift,”” which is made 
by Messrs. Mercury Truck and Tractor Company, 
Limited, 19, London-road, Gloucester; the “‘ Convey- 
ancer,” which is manufactured by Messrs. Electro- 
Hydraulics (Messier), Limited, Warrington; and the 
“ Stacatruc,” for which the Stockport Manufacturing 











Company, Limited, Stockport, are responsible. Two 
trucks of American design and manufacture were also 
shown. 





NEw YorK PowER SHOwW.—The 17th National Exposi- 
tion of Power and Mechanical Engineering will be held 
at the Grand Central Palace, New York, 17, N.Y., U.S.A., 
from December 2 to 17. The manager of the exhibition 
is Mr. C. F. Roth, and particulars can be obtained 
from the address mentioned above. 
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INSTITUTION OF MECHANICAL ENGINEERS. 


Graduate to Associate Member.—Kenneth Leslie 
Armitage, Halifax ; Nisith Ranjan Banerjee, Jamshed- 
pur, India; George Allan Strickland Bartley, M.A. 
(Cantab.), Newcastle-upon-Tyne ; Gordon Bennett, 
Manchester; Roy William Brown, Farnborough ; 
Douglas Gordon Burton, B.Sc. (Eng.) (Lond.), Southall ; 
Captain William Calvert, R.E.M.E., Coventry ; Major 
Edward Henshilwood Chrystall, M.C., B.Sc. (Glas.), 
R.E.M.E., B.A.O.R.; Lieut. (E.) Victor Alexander 
Cooke, B.A. (Cantab.), R.N., Belfast ; Kenneth Arnold 
Critchley, Hatfield ; Stanley James Dawson, Banbury ; 
John Edgell, Derby ; Henry George Edmunds, B.Sc. 
(Eng.) (Lond.), London; Edward Gerald Fitzcombe, 
London; Frederick George Gledhill, B.Sc. (Eng.) 
(Lond.), Manchester; Major Harry Heptinstall, 
R.E.M.E., S.E.A.C.;  Lieut.-Col. Charles Matthews 
Hunter, O.B.E., B.Se. (St. Andrews), Fife; Major 
Denis George Hurford, B.Sc. (Eng.) (Lond.), R.E.M.E., 
C.M.F.; Lieut. Andrez Witold Jenike, Polish Army, 
Whyteleafe, Surrey; John Kinsella, B.E. (Ireland), 
Luton ; Captain Philip Cottrell Lewis, B.E. (W. Aus- 
tralia), R.E.M.E., Darlington; Major Victor Stanley 
George Lewis, R.E.M.E., M.E.F.; Arthur John 
Luckett, Bristol; Lieut. (E.) Robert Neil Millar, B.A. 
(Cantab.), R.N., Welwyn; Hubert Davies Morgan, 
Sheffield ; Frank Thomas Muncey, London; Captain 
William David Perrett, B.Sc. (Eng.) (Lond.), I.E.M.E., 
Westcliff; Captain Mortimer Hulme Rigby, B.Sc. 
(B’ham), R.E.M.E., Kirkee ; Robert Kenneth Rusby, 
Huddersfield ; Lieut. (E.) Denis Gordon Scott-Maxwell, 
R.N., London; John Reginald Slatter, Bedford ; 
Colwyn Francis Stone, Farnborough; Captain James 
Conrad Vernon Thompson, R.E., New Delhi; Major 
Henry Lionel Troughton, B.Sc. (Eng.) (Lond.), 
R.E.M.E., Chertsey; Kenneth Harding Wright, 
Chesterfield. 

Student to Associate Member.—Raymond Arthur 
Hibbert, Paisley; James Hodge, M.A. (Cantab.), 
Leicester ; Captain William Cyril Johnson, Bath. 


INSTITUTION OF SrRUCTURAL ENGINEERS. 

Member.—Edward Braddock, London; George 
Fekete, New South Wales, Australia; William Sidney 
Robbins, Beckenham, Kent; Charles R. Williams, 
Ontario, Canada; David Wright, Johannesburg, South 
Africa. 

Associate Member to Member.—Wilfred Burke, 
Whitby, Cheshire; Herbert Forester King, London, 
8.E.26; Francis Henry Stokes, Natal, South Africa. 

Associate Member.—George Stanley Barker, Stoke- 
on-Trent ; Robert Burghall, Prestwich, Manchester ; 
Alfred Hawke, Stocksbridge, nr. Sheffield; William 
Stanley Hindson, Redcar, Yorks.; Ralph Chevalier 
Mare, Zanzibar; Albert Marcham, Durban, South 
Africa ; Narsingh Prakash Mathur, S.E.A.C.; Harold 
Bertram Rowe, Exeter; Lawrence Theodore David 
Shiner, Weybridge, Surrey ; Robert Wilson Strathdee, 
Buxton, Derbyshire; James Leslie Walker, Eccles, 
Manchester ; John S. Wishart, Glasgow. 

Graduate to Associate Member.—John Edward Col- 
lins, Stoke Gifford, Bristol ; Douglas Marshall Fletcher, 
Durban, S. Africa; Alfred George McNamara, Wigan, 
Lanes. ; Norman Simpson, Dewsbury. 

Student to Associate Member.—Victor Theophile 
Schaerer, Johannesburg, South Africa. 





ELEcTRIC RAILWAY CONTRACT FOR BRaziLt.—The 
English Electric Export and Trading Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, have received 
an important contract from the San Paulo Railway 
administration, Brazil. It covers the electrification of the 
Railway from Jundiahy to Mooca and includes the provi- 
sion of electric locomotives, rolling stock, substations and 
associated distribution equipment. 





ATMOSPHERIC POLLUTION FROM ELECTRIC GENERATING 
StaTions.—The Housing and Public Health Committee 
of the London County Council recommend that the 
Minister of Health be asked to set up an independent 
body to inquire into the extent to which sulphur and its 
compounds are discharged into the air from installations 
such as electric generating stations. They also propose 
that this body should advise on the best methods of 
extracting sulphur from flue gases. 





GOVERNMENT SURPLUS MACHINE ToOoLs.—An addi- 
tional selling depot for Government-owned surplus 
machine tools will be opened at the Ministry of Supply 
depot, Theale, near Reading, Berkshire, on Monday, 
August 12. The hours of business are from 10 a.m. to 
4 p.m., Mondays to Fridays inclusive. An on-site sale 
of surplus machine tools will be opened by the Ministry 
of Supply at Messrs. Rolls-Royce Limited, L.M.S., 
Hangar, London-road, Derby, on Wednesday, August 14, 
at 10 a.m. The sale will close on Tuesday, August 20, 
at 4 p.m. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 


Non-Ferrous Metals and Alloys.—The Services Sche- 
dule of non-ferrous metals and alloys for armament and 
general engineering purposes, B.S./S.T.A. No. 7, was 
first issued for the Superintendent, Technical Applica- 
tions of Metals, Ministry of Supply, by the British 
Standards Institution in 1942. The “Conditions of 
Supply ” which were then published with the schedule 
of copper alloys have now been re-issued as a separate 
publication. The conditions have not been revised and 
the publication is a reprint of the requirements as they 
appeared in the original publication. The conditions, 
it may be recalled, relate to such matters as composition 
limits, dimensional tolerances, and the provision of 
test pieces and conditions governing testing. Half-tone 
reproductions of microphotographs showing typical 
grain sizes of alloys are included. The publication 
bears the reference P.D. 460. [Price 2s., postage 
included. ] 

Thermal Insulating Materials.—The need for improv- 
ing standards of thermal insulation so as to conserve 
heat and economise fuel is receiving increasing attention 
throughout the country. The British Standards Insti- 
tution is preparing a series of specifications for thermal- 
insulating materials, including pre-formed, granular 
and loose-filled types. The first of the series is B.S. 
No. 1304-1946, which bears the title, ‘‘ Ready-to-Fit 
Thermal Insulating Materials,” for hot- and cold-water 
supply and central-heating installations for dwellings 
having a water heater the rating of which is not greater 
than 40,000 B.Th.U. per hour. It refers to materials 
for application to hot-water cylinders, storage tanks, 
piping and fittings for a normal working-temperature 
range of 120 deg. to 180 deg. F. It also applies to 
materials for application to cold-water storage cisterns, 
piping and fittings as a protection against frost. A list 
of suitable materials, with information concerning their 
thermal conductivity is included. [Price 2s., postage 
included. ] 
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Report of the Astronomer Royal to the Board of Visitors of 
the Royal Observatory, Greenwich, from May 1, 1945, to 
April 30, 1946. The Astronomer Royal, Royal Obser- 
vatory, Greenwich, London, S.E.10. 

Vertical Curves for Roads. A Textbook for Highway 
Engineers and Students. By PRoressor F. G. Roya.- 
Dawson. E. and F. N. Spon, Limited, 57, Haymarket, 
Westminster, London, S.W.1. [Price 15s. net.] 

Lifts. .A Collation of British Legislation and Authoritative 
Publications, Together with Recommendations for Lift 
Design and Installation. By L. W. Honey. Marryat 
and Scott Limited, 40, Hatton-garden, London, E.C.1. 
[Free to practising architects, surveyors and engineers. } 

Ministry of Fuel and Power. Committee on the Efficient 


Use of Fuel. Fuel Efficiency Bulletin No. 44. The| 


Operation of Gas Producers. Ministry of Fuel and 
Power, Queen Anne’s Chambers, Dean Farrar-street, 
Westminster, London, S.W.1. [Free.] 

The Law of Trade Unions. By H. SAMUELS. Second 
edition. Stevens and Sons Limited, 119-120, Chancery- 
lane, Strand, London, W.C.2. [Price 6s. net.] 

The Birmingham Exchange. Directory of Members, Sub- 
scribers and Representatives, 1946. The Secretary, 
The Birmingham Exchange, Birmingham. 

American Arc Welding Patents. Edited by Dr. W. H. 
Smon. Volume I. Materials and Accessories: Elec- 
trodes, Welding Rods, Alloys, Electrode Holders and 
Welding Shields. Bailey Brothers and Swinfen Limited, 
11, Ronalds-road, Highbury, London, N.5. [Price 
101. 108.] 

Index of European Patents Concerning Compressors, Air- 
Pumps, Blowers, Fans, Ejectors, etc., 1928 to 1946. 
Gregersens Patentregister, 76, Vejlesivej, Holte, near 
Copenhagen, Denmark. [Price 4l.] 

Data Book for Civil Engineers. Volume Il. Specifications 
and Costs. By ELWYN E. SEELYE. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 6.75 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
40s. 6d. net.] 

Standard Military Railway Bridges. .A Description of the 
Different Types of Bridge Designed for Rapid Erection 
in the Field by the Allied Forces. By F. S. BOoNnpD. 
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AUG. 2, 1940. 


PERSONAL. 


Mr. FRANK TWYMAN, F.Inst.P., F.R.S., has relin- 
quished his position as managing director of Messrs, 
ADAM HILGER, LIMITED, 98, St. Pancras Way, Camden- 
road, London, N.W.1, which he has held since 1902, but 
retains the position of chairman. Mr. Twyman has 
been made technical adviser to the firm and to their 
associates, Messrs. E. R. Watts AND SON, Limitep. 
Mr. G. A. WHIPPLE, M.A., M.I.E.E., F.Inst.P., has 
succeeded Mr. Twyman as managing director of Adam 
Hilger, Limited ; he is also managing director of Messrs, 
E. R. Watts and is the son of Mr. RoBert 8S. WuHrrr.e, 
chairman vf the Cambridge Instrument Company, 
Limited. 

PROFESSOR R. V. SOUTHWELL, M.A., LL.D., 
M.1I.Mech.E., F.R.S., Rector of the Imperial College of 
Science and Technology, London, S.W.7, has been 
appointed a member of the Standing Commission on 
Museums and Galleries. 

AIR VICE-MARSHAL R. 8S. AITKEN, C.B., C.B.E., M.C., 
A.F.C., has been appointed to the board of Radio and 
Television Trust, Limited, as a full-time director. Mr. 
B. HALLOws GARSIDE, M.I.E.E., has also been appointed 
to the board. 

At a special meeting of the General Committee of 
Lloyd’s Register of Shipping, held on July 25, Mr. 
KENNETH R. PELLY, M.C., was elected deputy chairman 
and treasurer for the year ending June 30, 1947. 

Dr. Epwin GREGORY, M.Sc., F.R.1.C., chief metal- 
lurgist, Messrs. Edgar Allen and Company, Limited, 
Imperial Steel Works, Sheffield, 9, has been elected 
President of the Institution of Engineering Inspection, 
in succession to MaJOR-GENERAL C. A. Woops, C.B., 
C.B.E., M.C. 

ENGINEER REAR-ADMIRAL C. W. LAMBERT, C.B., 
M.I.Mech.E., has retired from the Royal Navy and 
has taken up the post of chief engineer of the Appleby- 
Frodingham Steel Company, Branch of the United Steel 
Companies, Limited, Scunthorpe, Lincolnshire. 

Mr. D. MAXWELL Buist, M.I.E.E., has been placed in 
charge of an export department which the British 
Electrical and Allied Manufacturers’ Association, 36-38 
Kingsway, London, W.C.2, are taking steps to establish. 

Mr. L. PRESTON, assistant to Engineer (Signals), 
London and North Eastern Railway, Edinburgh, has 
been appointed chief assistant (Signals), Engineer's 
Office, London. Mr. E. G. BRENTNALL, chief assistant 
(Signals), Engineer’s Office, London, has been appointed 
assistant to Engineer (Signals), Edinburgh. 

Mr. T. MAKEMSON, Director of Iron Castings in the 
Iron and Steel Control, was released on July 31 by the 
Ministry of Supply and is returning to his post as secre- 
tary of the Institute of British Foundrymen, St. John- 
street Chambers, Deansgate, Manchester, 3. 

The Ministry of Transport announces that Mr. JACQUES 
ABADY, K.C., who has been acting as Registrar of the 
Railway Rates Tribunal during a period of emergency, has 
resigned. The name of his successor will be announced 
in due course. 

Mr. H. ALWYN LENOX has been elected a director of 
Brown, Lenox and Company (London), Limited, Millwall, 
London, E.14. He is a great-great-grandson of the 
Samuel Lenox who, in conjunction with Captain Sir 
Samuel Brown, R.N., founded the firm in 1806. 

Mr. JOHN MILLER, chief assistant in the City Engineer's 
Department, Sheffield, has been appointed Deputy 
County Surveyor for the East Riding of Yorkshire. 

THE MINING ASSOCIATION OF GREAT BRITAIN have 
removed from Parliament-street to Bolton House, 61, 
Curzon-street, London, W.1. (Telegrams: Minassocia, 
Audley, London; Telephone: GROsvenor 4801-5.) 

Mr. W. J. THORNE retired on July 31 from the accounts 
department of ENGINEERING after nearly 53 years’ 
service, for more than 40 of which he had occupied the 
position of cashier. 








CONTROL OF ALUMINIUM AND LIGHT ALLOYs.—The 
Government war-time control of the purchase of alumi- 
nium and light alloys is removed with effect from August 1 
under the two Orders issued by the Ministry of Supply. 
These are the Control of Aluminium (No. 7) Order, 
1946, and the Light Metals and Alloys Fabrication 
(No. 2) (Revocation) Order, 1946 (S.R. and O., 1946, 
Nos. 1269 and 1270, price 1d. each). As the Ministry 
has made a contract for the supply of 215,000 metric tgns 
of virgin aluminium from Canada during 1946-47, it 
states that it will continue to be the sole buyer and seller 
of virgin aluminium. The Ministry is also cancelling 
directions previously issued to the light-alloy industry 
requiring the segregation of light-alloy scrap into various 
categories and the making of statistical returns. Ar- 
rangements have been made for statistics to be furnished 
on a voluntary basis by the industry, and totals will be 
issued monthly by the Ministry of Supply for publication 
in the trade Press. All inquiries should be addressed to 
the Light Metals Control, Ministry of Supply, Southam- 
road, Banbury, Oxfordshire. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—The West of Scotland steelmakers 
have now made a general resumption of work following 
the holidays. It is reported that orders are of unpre- 
cedented volume, and makers face a period of heavy 
demand from all quarters of the market. The distri- 
bution of supplies among home users will probably be 
subjected to constant revision, as new and more urgent 
needs develop almost weekly. Shipbuilding and engin- 
ecring activity has reached a high level, and specifications 
are flowing in continuously. So far, the steelmakers 
have managed to cope fairly satisfactorily with these 
orders and contracts, but the position is becoming 
increasingly difficult. The Board of Trade instruction 
regarding the curtailment of export commitments and 
acceptances is not yet quite clear. It would seem that 
the Government is likely to bring export trade in steel 
to what may be a temporary standstill, and for all 
practical purposes the acceptance of new business for 
the fourth period of this year is now suspended. The 
matter, however, needs further clarification. The 
delivery of plates, sections, bars, and sheets from Scottish 
works is proceeding at the highest speed of which the 
plant is capable, but even so, some products are taking 
from three to six months from the placing of the order. 


Scottish Coal.—The coal supply position since the 
holidays has been very difficult, and progress in overtaking 
deficiencies of working stocks has been painfully slow. 
This week the Control again concentrated upon public 
utilities and other high priorities, and it was to these 
groups that the great bulk of the coal available was 
consigned. Fife and the Lothians have recovered from the 
effects of the holidays much better than the West Country 
collieries have, and it is to the steady deliveries of the 
East Country pits that the measure of comparative com- 
fort enjoyed by users this week is largely due. The 
shortages of stocks at gasworks and electric power stations 
are limiting the supplies to many industrial works, and 
some are already complaining that their production 
during the next six months is likely to be curtailed 
seriously unless greater tonnages for replenishment of 
stocks are forthcoming. Opencast coal is filling a useful 
gap, and helping to steady domestic supplies. In some 
places, the quality has fallen off a little, but this is 
exceptional. Fife and Clackmannan opencast coal is of 
good quality, and a substantial increase in Lothians 
opencast coal is anticipated when the Newbattle scheme 
is developed further. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—The uncertainties in the steel trade 
are retarding development schemes, especially at steel- 
works having engineering departments. There is no 
lack of orders for steel, but deliveries are delayed by 
insufficient skilled labour, notably in the light rolling 
mills. Heavy rolling mills and some heavy steel depart- 
ments have not yet completed their change over to peace 
products, but are increasing their activities as engineering 
demands expand. Special steels are subject to delays in 
delivery, causing inconvenience to many users. Con- 
stantly rising production costs are a great source of 
trouble, and of losses in the case of retrospective increases. 
More working capital is required to finance the cost 
of any given quantity of business. Activity prevails 
in the manufacture of heating and ventilating equipment 
and cooking apparatus for institutions, canteens, hotels 
and ships. Further orders have come to hand for 


railway material, and for equipment for trolley "buses, 


motor *buses and tramways. 

South Yorkshire Coal Trade.—Short strikes at indivi- 
dual collieries have added difficulties of allocation. Pro- 
duction, although steady at the majority of pits, falls 
short of the requirements of the railways, public-utility 
undertakings and industrial concerns, the reserve stocks 
of which, in all cases, are much below the level necessary 
if a serious shortage in the winter is to be averted. The 
inferior quality of much of the coal directed to specific 
users involves a larger consumption than would be 
required if the most suitable grades could be obtained, 
as in normal times. Gas coal is fully earmarked, and 
difficulty is experienced in meeting the requirements of 
the electric power stations. Coking-coal allocations are 
also below the requirements of the coke works. Patent 
fuel is in strong demand. 





METALS AND METALLURGICAL PRODUCTS FOR INDUSTRY. 
—Two booklets relating to their products have been 
sent to us by Murex Limited, Rainham, Essex. The first 
deals with metallurgical and other products and the 
second with ferro-alloys. Brief particulars are given of 
the range of pure metals, bearing and other special 
alloys, metal and alloy powders, hard-facing material, 
cemented tungsten carbides, high-grade ferro-alloys 
and fine chemicals produced by the firm. Copies of the 
booklets are obtainable on application to the firm. 








ENGINEERING. 
NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The demand for iron and steel 
continues to rise, but outputs are extensively sold and 
production of some commodities is rather less than it 
was a month or two ago. Buyers experience much 
difficulty in placing orders, even for distant delivery 
dates, and recent transactions include contracts for 
supply over periods beyond the end of the year. The 
demand for large deliveries of material for urgent home 
requirements necessitates further restrictions in the 
release of tonnage for export, and loadings of some 
commodities are now on a very moderate scale only. 
For home purposes, the distribution of tonnage is 
rigidly controlled and deliveries of certain descriptions 
of material are inconveniently short of the users’ 
requirements. 





Foundry and Basic Iron.—-All available supplies of 
high-phosphorus pig iron are quickly taken up for the 
pressing needs of the light foundries. Local production 
is still intermittent and small, and the steady deliveries 
of Midland brands are not sufficient for the requirements 
of North East Coast light-casting plants. The make of 
basic iron covers the demands of consumers in the Tees- 
side zone. 


Hematite, Low-Phosphorus and Refined Iron.—-East 
Coast hematite producers are dealing satisfactorily with 
the actual needs of home consumers and the outputs of 
low- and medium-phosphorus grades of iron are sufficient 
to meet the users’ current requirements. Supplies of 
refined quality are also able to meet the demand for 
home purposes. 

Manufactured Iron and Steel.—The various classes of 
semi-finished and finished iron are in ample supply, but 
many descriptions of steel are needed in considerably 
larger quantities than are, av present, obtainable. The 
demand for steel semies is still intense and while the 
deliveries of bars are sufficient for the heavy demands 
of the sheet makers, che shortage of billets remains acute 
and the prospects of an increase in imports from overseas 
are not bright. Manufacturers of black and galvanised 
sheets are too extensively sold to accept new business 
and plate producers are fully sold to the end of the year. 
Makers of sections have well-filled order books and 
plants turning out rails, chairs, points, crossings and 
other railway requisites have sufficien. contracts to 
ensure great activity at the mills for a considerable 
time. Establishments supplying pit props, roofings and 
all types of colliery equipment are busily employed. 

Scrap.—tincreasing supplies of iron and steel scrap 
are well taken up. Heavy cast-iron scrap and machinery 
metal are in strong demand, and good heavy steel scrap 
finds a ready sale. 
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NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Pressing for the establishment 
of a five-day week, at a delegate conference last week, 
South Wales miners adopted a suggestion made by their 
area president, Mr. Arthur Horner. This was that if 
the scheme were adopted by the Ministry there should 
be a national ballot of miners on a declaration that there 
would be no resort to unconstitutional strikes. Meanwhile, 
with productions still showing no material expansion, 
trading on the steam-coal market has been very difficult, 
particularly for export. Allocations of coal for shipment 
abroad have been announced during the past week for 
the month of August. As was the case for July, these 
were on @ much smaller scale than in previous months. 
In July, however, the allocations were implemented by 
supplementary quotas, and it was hoped that a similar 
course would be adopted again. During the past week, 
arrangements have been made for a cargo of bunker coals 
to be delivered to Las Palmas. During the war years, 
this bunkering depot, in common with others, had to 
rely on foreign coals, chiefly American. Home demand 
on the market continued brisk, and deliveries continued 
to keep the collieries busy. As a rule, most producers 
already held sufficient inland orders to account for the 
bulk of their potential outputs for some time ahead. 
Some of the poorer grades of coal were being substituted 
in this trade to prevent deliveries from falling into arrears. 
Only the very poorest sorts were available for export. 
All the large coals were in sustained demand, and, with 
stem lists well filled ahead, the tone was firm. Strong 
values ruled for the occasional odd parcels of the sized 
and bituminous smalls that became available, while 
cokes and patent fuel were actively engaged in the 
home trade. 

Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states that, 
last week, the strong demané for tin-plates was unrelaxed 
and was much in excess of the production. As makers 
possessed full order books and had little to sell for the 
current period, no large volume of business was trans- 
acted. In the export market, makers were attempting 
to meet the demand by allotting larger quantities and 
the increase in the sales was maintained. Steel sheets 
continue to be a strong feature and makers, being fully 
booked up till the end of the year, and even later, are 
unable to cope with the orders offered them. The iron 
and steel scrap market is quiet as the delivery position 
shows no appreciable improvement. The prices of iron 
and steel products and of non-ferrous metals are as 
follows :—Prime tin-plates, per box of 108 Ib., containing 
112 sheets measuring 20 in. by 14 in., 32s. 6d., 32s. 9d., 
and 33s. 1id., f.o.r., according to the tin coating, for 
home consumption, and 33s. 6d., and upwards, f.o.b. for 
export. Unassorted tin-plate base uncoated plates 27s. 
per box f.o.r. at makers’ works. Unassorted terne-plates, 
per box of 112 sheets, measuring 28 in. by 20 in., 61s. 9d., 








LECTURES ON Sor MECHANICS.—The four lectures on 
“The Principles and Application of Soil Mechanics,” 
delivered before the Institution of Civil Engineers in 
June, | 
copies, price 6s., can be obtained from the secretary of | 
the Institution, Great George-street, London, S.W.1. | 
The lectures dealt with ‘‘ Development and Scope of Soil 
Mechanics,”” by Mr. L. F. Cooling; “ Earth Pressure | 
and the Stability of Slopes,” by Mr. A. W. Skempton ; | 
** Soil Mechanics in Foundation and Excavation,” by | 
Mr. R. Glossop; and “ Roads and Airfields,” by Mr. 
A. H. D. Markwick. 

Guy Motors, LIMITED, APPRENTICESHIP ey 
Over a number of years, Messrs. Guy Motors, Limited, 
Fallings Park, Wolverhampton, have developed an 
apprenticeship scheme in which practice and theory are 
combined. The apprentices, if possible, should have 
received an education of up to School Certificate standard, 
and on being accepted they are taken on for a probation- 
ary period of three months. At the end of this period, 
if the candidate is suitable, the firm execute an agreement, 
in conjunction with the parent or guardian, for a term of 
four years, inclusive of the probationary period. A 
thorough course of practical training in the shops of the 
firm has been arranged, and the apprentice’s technical 
studies are taken at local technical colleges with a view 
to his securing the Ordinary National Certificate. All 
apprentices are encouraged to follow this up by studying 
for the Higher National Certificate. At the conclusion 
of their time all apprentices are entered for the Certificate 
of Apprenticeship in the Engineering and Allied Trades, 
this certificate being awarded if they have proved 
themselves competent in workshop practice and in their 
technical studies. To inculcate leadership, the senior 
apprentice is entrusted with a degree of control over his 
colleagues, and generally looks after their welfare and 
recommends their movements from department to 
department. No apprenticeship fee is charged by the 
firm and the rate of pay is the district rate paid to all 
youths of equivalent age. All apprentices are paid 
during the time they attend theoretical instruction. 








f.o.r. All the above prices are subject to a schedule of 
extras for certain sizes and qualities. Galvanised corru- 


| gated steel sheets, Nos. 17-20 gauge, 271. 13s. 6d., and 
1945, have now been issued in book form and | Steel-sheet and tin-plate bars, 121. 2s. 6d., all per ton 


delivered. Welsh hematite pig iron 8/. 9s., and Welsh 
basic pig iron 7l. 15s. 6d., both per ton, delivered, and 
both subject to a rebate of 5s. The distribution of sup- 
plies of metallic tin is controlled and the price of the metal 
is 3001. a ton. The maximum control price of fire-refined 
copper (containing not less than 99-2 per cent. of the 
metal) is 827. 10s. a ton, and that of high-conductivity 
electrolytic copper, 841. a ton. The maximum control 
price of lead, English quality, is 561. 10s. a ton, of foreign 
soft pig lead, duty paid, 551. a ton, and of spelter, 501. a 
ton. 





“ THE EFFECTS OF TORSIONAL VIBRATION ”: ERRATA. 
—We regret that two corrections are necessary in the 
above article, which appeared in our issue of July 26. 
The equation, M = A V fo» at the top of the left-hand 
column on page 90, ante, should read 


A 
M =-——; 
V fo 
and the word “ motor,” in the fourth line from the end 
of the article, on the same page, should read “‘ factor.”’ 





PROGRESS IN TELECOMMUNICATIONS.—An industrial 
documentary film, illustrative of their activities in both 
war and peace, has been produced by Messrs. The Auto- 
matic Telephone and Electric Company, Limited, 
Strowger Works, Liverpool 7, with the permission of the 
Ministry of Aircraft Production and with the assistance 
of the Air Ministry and the Royal Air Force. The film, 
which is rather more detailed than others of its kind, is 
being exhibited privately for sales-promotion purposes, 
particularly to audiences abroad. Copies are, however, 
available for loan to scientific film societies and similar 
bodies. Its title, “Where There’s a Will” is a 
fitting commentary to the skill and enterprise which has 
raised the company to a leading position in more than 
one part of the telecommunications field. 
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THE END OF THE FLIGHT. 
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RECOMMENDED DIMENSIONS OF REINFORCED-CONCRETE | suggestions received by the Association were directed | sions. 


STRUCTURAL MEMBERS.—A year ago, the Reinforced 
Concrete Association issued a memorandum on “ The 
Standardisation of Reinforced-Concrete Structural Mem- 
bers.” It was pointed out that approximately one-third 
of the prime cost of a typical reinforced-concrete structure 
is absorbed by the formwork, and roughly two-thirds 
of the cost of the formwork is absorbed by labour. The 
scope for economy in that item of construction cost, it 
was emphasised, is therefore very great. The memoran- 
dum was widely circulated and created a great deal of 
interest. The reaction to the principle of standard 
dimensions was generally favourable, and the many 
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mainly towards a reduction in the number of dimensions 


proposed to be standardised. The Association has now 


** Recommended 


” 


issued a new pamphlet, entitled 
Dimensions of Reinforced Concrete Structural Members, 
which is largely a repetition of the Memorandum, but 
in which some modifications have been introduced. 
The immediate object is not to standardise formwork, 
but to create conditions wherein such standardisation 
may eventually become possible. It is furthermore 
particularly stressed that the standardisation of structural 
members is no part of the Association’s plan. The recom- 
mendations are specifically limited to the overall dimen- 





H.M. ArrcrarT CARRIER ‘“ VINDICTIVE.” 


Members of equal dimensions vary considerably 
in their load-carrying capacity, according to the quality 
of the concrete and of the reinforcement, and the amount 

land distribution of the reinforcement. Little oppor- 

tunity has occurred so far for testing the proposals in 
actual practice, and it seems unlikely that many oppor- 
tunities will occur in the immediate future. It has 
been decided, therefore, that the testing period shall be 
extended at least until the end of 1947. In the mean- 
time, architects, engineers, contractors and others are in 
vited to communicate the results of their experience to the 
Association, 94-98, Petty France, London, 8.W.1, from 








which copies of the pamphlet may be obtained, price 6d. 
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lication, otherwise it may be impossible to submit 
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than two years. 








_ENGINEERING. 








CONTENTS. 


Recollections of Early Naval Flying (Jllus.) 

Iiterature.—History of the British Railways During 
the War, 1939-45. World Power and Atomic 
Energy : The Impact on International Relations. 


Strange Commissions for Henry Ford.. 100 
The Problem of Incentive in Industry........................ 101 
The Amplidyne Electrical Control System (Jilus.) 103 
Demonstration of «« Fork-Lift ” Trucks .................... 105 
Institution Elections. ....................ccccccccsccsesssceesessseeeees 106 
British Standard Specifications ...0....0..0....0.00000... 106 


Books Received 
Personal . 
Notes from the North .... 

Notes from South Yorkshire Be 
Notes from Cleveland and the Northern Counties... 


Notes from the South-West......... . 107 
The Co-ordination of Inland Freight Transport... 109 
The Alaska Highway.......................... . 110 
TEE RAE eens ame ae pene oe lll 


Letters to the Editor.—Southern Railwa; ay ‘‘ Merchant 
Navy” Class Locomotives (Jllus.). Attracting 
the Apprentice. Magnetism and the Testing of 
Materials. The Institution of Mechanical Engi- 
neers. The Oldest British Passenger Locomotive. 
Memorial to Marine Engineers....... 

— of the British Scientific Instrument Indus- 


. 112 


nT ee Oe eee 113 
Use of Flat-Bottom Rails on the L.N.E.R. (Illus. ) 115 


The Centenary of the Chemical slid . 11 
Tyres and the War.............. -- a 
Labour Notes... 116 


The Merlin 620 Aero Engine freien a 117 

Researches on Internal-Combustion Prime Movers 
(Ilus.) .. oes CE ae 

Annuals and Reference Books... 

‘« ENGINEERING ” Patent Record (Illus. ) 


ENGINEERING 


FRIDAY, AUGUST 2, 1946. 
No. 4203. 


_117 
. 120 
.. 120 











Vou. 162. 








THE CO-ORDINATION OF 
INLAND FREIGHT 
TRANSPORT. 


On another page of this issue, we record the 
“jubilee cavalcade,” held on July 27, to mark half 
a century’s development of the British automobile 
industry, now the third largest in the country 
and stated to provide employment for 1,385,000 
persons; and on several occasions recently we 
have noted the centenaries of important components 
of the British railway system, in the growth of which 
1846 was a year of particular significance. In an 
era which has come to take travel facilities very 
much for granted, it is not easy to assess the extent 
of the revolutions in the life of the nation that have 
resulted from those two developments, but it is 
well that some attempt should be generally made to 
appreciate it and to give due credit to the pioneers 
who, by their own efforts, and largely at their own 
expense, wrought these far-reaching changes. What 
they did was done, in the majority of cases, not only 
without any sort of Government assistance, but 
often in the teeth of powerful Government opposi- 
tion, quick to avail itself of every legislative artifice 
to restrict the expansion of mechanical transport. 
It is easy now for the advocates of nationalised 
transport to condemn the private owners and 
manufacturers who built up the railway and motor- 
vehicle industries because they did not make 
better progress than they have done, but many 
of the obstacles in the way of advancement have 
arisen from official blindness; which may be one 
of the reasons why the practical operator of a 
transport system, whether by road or rail, is so 
seldom in favour of any form of Government 
control, however perfect it may be in theory—and 
in theory, as we have remarked before, there is a 
great deal to be said in favour of nationalisation. 

The need for a closer co-ordination between the 
two main forms of transport was clearly seen 
long before there appeared to be any possibility 
that a policy of nationalisation might be forced 
upon the country. Serious discussions to this end 
began at the time of the “‘ Square Deal ” campaign 
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of 1939 and the question assumed a new prominence 


during the recent war as a result of the work of the 
Road-Rail Conference. As a consequence, the 
general managers of the four main-line railways 
entered upon a series of “‘ conversations ”’ with the 
Road Haulage Association (an amalgamation, in 
January, 1945, of the six principal road associations) 
to discuss the best method of achieving a closer 
liaison and more efficient working. The move had 
the approval of the then Minister of War Transport 
(Lord Leathers) and, subsequently, that of his 
successor in office, Mr. Alfred Barnes, with the result 
that a scheme was eventually agreed for the co- 
ordination of all road and rail services for freight 
transport. A memorandum was drawn up, embody- 
ing the proposals, and has now been submitted to 
the Minister for consideration. It is especially 
noteworthy in that, under its provisions, the road 
hauliers agree to accept the principal obligation of a 
“common carrier,” namely, that they will accept 
any freight that is offered to them; hitherto, the 
road hauliers have tended to choose the traffic that 
would show a definite profit, leaving the unremunera- 
tive consignments to the railways. 

The general principles accepted in the agreement, 
as set out in the memorandum submitted to the 
Minister, are that the public should have an unfet- 
tered right to select the form of transport most 
convenient and economic from their point of view ; 
that the road and rail services should be so organised 
as to provide traders, so far as may be practicabie, 
with adequate alternative facilities, on fair terms ; 
and that both road and rail transport should accept 
the obligations of a public service, namely, to provide 
reasonable and regular services, to accept any traflic 
offered, without discrimination between traders, 
provided that it is within the scope and capacity 
of their services, and “‘to conform to approved 
standard conditions of carriage, classification of 
merchandise and national rates structures,” which 
shall be so correlated ‘“‘ as to encourage traders to 
make the best use of available transport in the 
public interest.” 

The method proposed to give effect to the fore- 

going principles involves certain modifications of 
the Road and Rail Traffic Act of 1933 to make it a 
statutory obligation for a carrier to undertake the 
carriage of the goods indicated in his licence, between 
the places which it specifies. It is proposed also 
that Area Organisations should be formed under the 
auspices of the road haulage industry to provide 
for the conveyance by road of goods which individual 
hauliers cannot handle expeditiously without such 
assistance. All holders of ‘‘ A” and “ B”’ licences, 
including the railways, would be required as a 
condition of their licences to register with the 
appropriate Area Organisation and to accept an 
obligation “to carry if required on behalf of that 
Organisation, and on terms to be agreed, such 
additional traffic as may be necessary to enable 
the industry to fulfil the obligations’ previously 
outlined. The Area Organisations would be man- 
aged and operated under the direction of the hauliers 
concerned ; and it is proposed that “* observance of 
rates and conditions of carriage be made statutory, 
with adequate statutory protection for users.” 
It will be seen that these arrangements, if adopted, 
would combine the operation of the road-haulage 
industry as a public service with the retention of 
the personal and individual service which is felt 
at present to be such a great advantage ; but the 
establishment of the public-service status of the 
industry postulates the existence of an economic 
system of rates and conditions of carriage. To that 
end, both the road hauliers and the railways have 
agreed to accept the principle of non-discrimination 
in charges between users of their services and, it is 
stated, are engaged at present on the preparation 
of suitable rates structures; that of the road 
hauliers will be framed on a national basis, and the 
railway rates—covering the carriage of merchandise 
by passenger train as well as by goods train—will 
be designed to be capable of correlation with the 
road-rates structure. 

Traders and the general public, it is proposed, 
would be protected by a Road-Rail Tribunal, 
responsible for settling standard conditions of car- 
riage, the classification of merchandise, and the 





schedules of road and rail rates, on a basis of reason- 
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able charges. Any representative body of users or 
providers of transport would have the right to be 
heard before the Tribunal on any such matters as 
are indicated in the Tribunal’s terms of reference, 
or to apply for the scheduled charges to be varied 
if they are felt to be unreasonable ; and—a point 
of the greatest importance, to which reference has 
been made already—“ traders will have complete 
freedom to select the form of transport most suitable 
for their requirements, including the right to carry 
their own goods in their own vehicles under ‘C’ 
licences,” so that the dangers of monopoly may 
be avoided. It might be thought, perhaps, that 
in any free country, enjoying the benefits of an 
enlightened administration, it would not be consi- 
dered necessary to confer upon any citizen, by specific 
enactment, the right to carry his own goods in his 
own vehicle ; rather might it have been supposed 
that the right was his already by virtue of his 
citizenship, and that the only concern of the legis- 
lature should be to ensure that it is not taken from 
him—as, for instance, in that shortsighted, but 
shortlived, interpretation of the Road Traffic Act 
which forbade the owner of a private motor-car 
to carry home in it his own retail purchases. 

In addition to the above broad principles of 
co-operation, various points of detail are mentioned 
in the memorandum, designed to make the colla- 
boration more effective. It is stated, for instance, 
that the railways will continue their present policy 
of concentrating their general merchandise traffic 
at fewer railway stations and of establishing rail- 
heads throughout the country, to be served by road 
for purposes of collection and delivery. To promote 
the most economical use of road transport, the rail- 
ways will organise these and other road services on a 
co-operative basis and, to this end, are considering 
the formation of new road organisations, over which 
they will have a sufficient degree of control to ensure 
that their requirements are met. These road 
organisations, however, will accept the obligations 
which, as previously mentioned, are postulated 
as being applicable to all members of the proposed 
Area Organisations. The possibility is envisaged 
that some of the existing railway-owned road services 
may be transferred to other ownership in the course 
of the various adjustments that the full implementa- 
tion of the scheme would involve, and it is provided 
that, in such cases, the railway staffs concerned 
would be given the option of retaining their railway 
status. A suggestion that has some element of 
novelty, too, is that voluntary arrangements may 
be made to reserve railway wagons for the sole use 
of the road-haulage industry, to provide express 
services for long-distance traffic. 

In conclusion, the memorandum points out that, 
while the proposals deal only with co-operation 
between road and rail services, this being the 
immediate problem, it is recognised that the solution 
of this problem is only one step towards the co- 
ordination of all forms of inland transport services. 
To attain this ultimate objective, it would be 
necessary to replace the present agreements between 
the railways and coastwise shipping, and the 
railways and the Canal Association, by new agree- 
ments on a wider basis, embracing the road interests. 
It is recommended that a Transport Advisory Body 
should be established, representing the transport 
undertakings, traders, and organised labour, to 
report to the Minister of Transport on any question 
that the Minister may submit to them regarding the 
improvement of inland freight transport. It would 
report also on any matters submitted to the Advi- 
sory Body by sections of the industry, which would 
affect the transport interests of the country as 
a whole or of any particular area, or any proposals 
that might be submitted to the Advisory Body 
by a representative body of traders, such as a 
Chamber of Commerce, regarding the development 
of transport facilities or their closer working. The 
proposals as a whole, their sponsors submit, should 
“achieve a large measure of co-ordination ” while 
leaving ‘‘ ample scope for free enterprise on a fair 
competitive basis,” making “free provision for 
emulative co-operation,” and going far to “ eliminate 
the evils of unregulated and wasteful competition ” 
without incurring those inherent in a monopoly. 
They appear to form by far the most attractive and 
‘*common-sensible ’’ scheme yet formulated. 





THE ALASKA HIGHWAY. 


By an agreement between the United States 
and Canada, the road which was constructed 
during the war, connecting Dawson Creek in British 
Columbia with Big Delta in Alaska, is to be officially 
known as the Alaska Highway. It has previously 
been referred to in these columns as the Alaskan 
Highway, and there was an attempt in the United 
States to name it the Alcan Highway, in accordance 
with the prevalent fancy for coining new words 
from the initial letters of old ones. A description 
of the construction of the road, particularly in its 
early stages, appeared in our issue of April 23, 
1943, and information about some of the bridges 
on the route, and other items, has appeared since 
that time. It is not necessary at this date to 
provide a further description of the road, but some 
interesting information, not previously available, 
has been given in the interim report of a committee 
of the House of Representatives, appointed in 
August, 1945, to investigate the justification for the 
construction of the road, its cost and its present 
and future value to the United States. 

In view of the isolated situation of Alaska relative 
to the United States, projects for the construction 
of a connecting road were put forward at various 
times prior to the war. Apart from air services, 
all connection in the past was by sea, and, although 
corresponding situations are common, the condi- 
tions in the case of Alaska were particularly un- 
favourable. The Pacific shore of the country is 
made up of narrow inlets, rocky and broken, and 
flanked by the Alexander Archipelago. The climate, 
particularly in the winter, when rain, fog, snow and 
sleet are common, makes navigation in the 
approaches difficult and hazardous. Even in 
favourable circumstances it took seven to eight 
days to transport material from Seattle to Fair- 
banks. That a good case could be made for building 
a road between the United States and Alaska, 
purely from the point of view of the economic 
development of the latter country, is made clear 
by the fact that a Commission appointed by Presi- 
dent Hoover in 1930 reported favourably on the 
project, and in 1938 the Alaskan International 
Highway Commission, made up of representatives 
of the United States and Canada, recommended 
that the road should be put in hand at once. 

Advocates for the construction of the road did 
not fail to reinforce their commercial arguments 
by pointing out that it would be of great value in 
case of war. Their contentions, however, did not 
apparently carry much weight in military circles. In 
1938, the War Plans Division of the General Staff 
concluded that “‘ from a purely practical standpoint, 
the military value of the proposed Alaska Highway 
is so slight as to be negligible.” Even on August 2, 
1940, the Secretary of War stated that “the value 
of the proposed highway as a defence measure is 
negligible.” This point of view adopted by the 
War Department was apparently based on the 
relatively strong position of the United States in 
the Pacific, but it seems to have included a factor 
of intellectual inertia. This expression of opinion 
of the Secretary of War came after the fall of 
France, which took place on June 22, 1940. This 
event, which could not fail to indicate a possible 
trend in international affairs unfavourable to the 
United States, if it did not influence the War 
Department, was not without effect on the Govern- 
ment, and on August 18, 1940, the United States 
and Canada established a Permanent Joint Board of 
Defence. Within 40 days of this event, Germany, 
Italy and Japan signed the tripartite pact. 

At this time, the official view of the War Depart- 
ment was that air power should play a prominent 
role in the defence of Alaska, and in November, 
1940, an agreement was come to between the United 
States and Canada for the construction of an air 
route. This work was put in hand during the 
following year, but great difficulty was experienced 
in the building of the airports owing to their isolated 
situations ; even when they were in operation they 
had to be serviced entirely by air. In the same 
year, 1941, military opinion showed a tendency to 
regard the project of a highway with more favour, 
although on January 25, General Marshall wrote 
“the War Department does not consider it (the 
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highway) of sufficient importance to justify its 
construction at this time on the basis of military 
necessity.” By October 6, however, opinion had 
so changed that the Secretary of War wrote “the 
construction of the highway now appears desirable 
as a long-range defence measure.’ On December 7, 
1941, Japan made the attack on Pearl Harbour. 

Before that event, there were nine United States 
battleships attached to the Pacific Fleet. Of 
these, one was totally destroyed, one capsized, 
three were sunk, and three so damaged as to be put 
out of action. The only one to escape was in 
drydock at Bremerton, Washington. Three days 
after Pearl Harbour, H.M.SS. Prince of Wales and 
Repulse were sunk off Singapore. As Alaska lies 
on the great-circle route, the shortest distance 
between the United States and Japan, these naval 
disasters at once raised the question of its defence 
to the status of a major issue. The country could 
only be provided with material and stores, on any 
important scale, by sea, and on December 23, 
Lieutenant-General DeWitt advised the War 
Department that the commandant of the naval 
district concerned had only five destroyers. He was 
using three in Alaskan waters and two in Puget 
Sound. “That is so puny that he is almost helpless 
to assist me in what I’ve got to do up there.” 
In the three or four weeks following Pearl Harbour, 
practically every United States merchant ship 
leaving west coast ports was attacked by enemy 
submarines, and either enemy surface craft or sub- 
marines were detected off the west coast of the 
United States and in Alaskan waters on 41 occasions 
in December, 1941. 

It is stated by the Committee that “if Japan 
had taken full advantage of the lack of United 
States forces, both military and naval, in Alaska 
during 1942, there is little doubt in the minds of 
high military personnel... that Alaska could 
have been fully occupied by the enemy.” Japan 
did not take advantage of the opportunity, but the 
United States, no doubt owing to its fuller know- 
ledge of the facts of the situation, acted promptly. 
The project for the construction of the road was 
approved on February 11, 1942, and work was 
pushed forward with such urgency that the rough 
track, known as the pioneer road and passing through 
unsurveyed country, was completed in November. 
This was widened, rectified where necessary, 
surfaced and brought up to standard in 1943. The 
route adopted, which linked the pre-existing 
airports, is approved by the Committee as being 
the most suitable. The cost of the pioneer road 
was 19,744,585 dols., but this figure does not include 
the payment of military forces engaged on the 
work. The cost of the final road, excluding that 
of the pioneer road, was 94,079,635 dols. 

The Alaska Highway, connecting Dawson Creek 
with Big Delta, is 1,422 miles long. It is 26 ft. wide 
except for the southern 75 miles, where it is 
increased to 36 ft. There is a gravelled surface 
throughout and motor vehicles can maintain an 
average speed of 40 m.p.h. over all sections. The 
annual carrying capacity is estimated at 400,000 
tons, but it is considered that this could be raised 
to 720,000 tons under conditions of military pressure. 
Connections to the Alaska terminus of the road are 
reasonably satisfactory but it is stated that the 
feeder roads to the Canadian terminus at Dawson 
Creek are of poor quality and are unusable during 
some parts of the year. Rail connection to Dawson 
Creek is, however, always available from any part 
of Canada or the United States. As an agreement 
has been come to between the United States and 
Canada under which the latter country assumed 
control and maintenance of that part of the road 
lying in Canada on April 1, 1946, it is possible that 
the Canadian Government may consider the improve- 
ment of the existing access roads; a new 180-mile 
road is at present under construction between 
Dawson Creek and Prince George in British Colum- 
bia. There is a lateral road from Haines, on the 
Alaskan coast, providing sea connection, which 
joins the Alaskan Highway near Whitehorse. The 
greater part of this road, which was built to facilitate 
the construction of the Highway, lies in Canada. 
It has been neglected since the completion of the 
Highway, but it seems desirable that it should be 
maintained as a useful feeder. 
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NOTES. 


NorRTH OF SCOTLAND ELECTRICITY TARIFFs. 


In connection with the article on page 37, ante, 
dealing with the second annual report of the North 
of Scotland Hydro-Electric Board, information has 
now become available about the tariff policy to be 
followed in the various distribution areas which are 
to be supplied from Diesel-engine stations pending 
the development of hydro-electric schemes. A com- 
mon tariff has been adopted for all areas. Charges 
are divided into three classes, respectively designated 
residential, non-residential and power. The residen- 
tial charge applies to hotels and boarding houses, as 
well as dwelling houses and farmhouses. Under it, 36 
units per annum are allocated to every apartment 
and charged at 6d. per unit; the next 324 units are 
charged at Id.; and all in excess of these at 3d. 
Bathrooms, sculleries and lavatories are not counted 
as apartments. The non-residential charges are 
similar, but the basis of charge is square feet of 
floor area, instead of apartments. The area to 
which the 36 units at 6d. and 324 at 1d. are allocated 
varies with the type of premises, being 50 for shops 
and banks, 75 for offices and hospitals, 250 for 
schools and churches, and 1,000 for farm buildings. 
The tariff for power is a little complicated and 
depends on the use to which it is put, but for small 
motive power is 600 units per quarter at 24d., the 
next 2,400 at 1}d., the next 3,000 at 1}d., and all 
above 6,000 at ld. The relation of the new charges 
to existing tariffs may be illustrated by the case of 
Kirkwall in Orkney, where the Town Council’s 
undertaking is being acquired. At present, the 
charge for lighting is 8d. per unit and for domestic 
heating and cooking 4d., dropping to ld. Mr. 
Tom Johnston, chairman of the Board, has stated 
that the average saving to consumers in Kirkwall 
will be 3,000/. per annum. In the case of Rothesay, 
where the Council’s undertaking has also been 
taken over, it is stated that for all domestic con- 
sumers the reduction will amount, for three-quarters 
of the year, to 4d. per unit for the first block of units 
consumed. In addition to the Kirkwall and 
Rothesay systems, the Board propose to purchase 
the undertaking of the Isle of Arran Electric Light 
and Power Company ; it is intended to instal a new 
250-kW set in the Brodick station. Distribution 
schemes are also being prepared for the islands of 
Harris and Barra. It appears improbabie that 
small isolated areas in the Outer Hebrides could 
ever be economically supplied from hydro-electric 
stations on the mainland, and they will have to 
continue as self-contained systems. Under the tariff 
policy being adopted, they may not be self-support- 
ing. Mr. Johnston has said that they ‘ cannot 
all possibly pay their way, and must be carried on 
the back of such large economic schemes as Sloy, 
Tummel-Garry, and others still to come.” He 
estimates ‘that, from schemes already adumbrated, 
the Highlands and Islands would benefit by a sum 
of about 166,000/. per annum in relief of rates 
through increased valuation.” It would take about 
ten years to reach this figure. 


Historic LOcoMoTIvEs. 


Following the news that the Great Western Rail- 
way Company are to preserve the 89-years old 
Wantage Tramway engine, which was the subject of 
recent correspondence in The Times, there comes the 
news that the London Midland and Scottish Railway 
have been reviewing their locomotive ‘‘ museum 
pieces.” As a result, six old engines have been 
accepted as worthy of preservation on account of 
their historic value. All six were withdrawn from 
active service a number of years ago and have been 
stored in various depots during the war. They will 
be located in future at Crewe (two engines), Derby, 
St. Rollox (two engines) and Barrow-in-Furness. 
The engines to be preserved at Crewe are the famous 
Cornwall,” designed by Francis Trevithick in 1847, 
and the ‘“ Hardwicke,” which hauled L.N.W.R. 
expresses in the “ railway race ” to Scotland in 1895. 
At Derby there will be S. W. Johnson’s Midland 
Railway express engine No. 118, built there in 1897. 
St. Rollox works, Glasgow, will house the L.M.S. 
engine Ne 340] formerly No. 123 of the Cale- 
donian Railway, which was the last single-driving 
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wheel express engine in use in Great Britain when it 
was withdrawn in 1935; and No. 103 of the former 
Highland Railway, built in 1894 and the first of the 
4-6-0 type to be employed on a British railway. 
The last of the six engines is the well-known ‘‘ Cop- 
pernob,” built by Bury, Curtis and Kennedy in 1846 
for the Furness Railway. Before the war, this 
engine stood on a pedestal outside the station at 
Barrow and, presumably, will return to the same 
pedestal in due course. For the time being, it is 
stored at the Horwich works. The London Midland 
and Scottish Railway state that the difficulty of 
finding suitable accommodation for old railway 
engines and the cost of their upkeep has compelled 
them to decline a number of requests that other 
early locomotives should be preserved ; but it is to 
be hoped, nevertheless, that the reprieve of these 
six does not represent absolutely the last word. 
There is at least one other on the L.M.S. system— 


| the Kirtley locomotive of the former Midland Rail- 


way, now No. 20002, which is the subject of a letter 
on page 113—which has a strong claim to be 
given a further lease of life, and perhaps second 
thoughts may prevail since, as the letter states, the 
problem of accommodation can be solved. This 
engine, originally numbered 158, underwent con- 
siderable rebuilding in the early ‘nineties, when 
larger cylinders were fitted, but fundamentally the 
design was not much altered ; for instance, the fire- 
box is still of the original round-topped type, though 
presumably it has been renewed several times in the 
course of 80 years. 


Firry Years oF Moror TRANSPORT. 


The celebrations organised by the Society of 
Motor Manufacturers and Traders to mark the 
jubilee of the automobile industry in this country— 
dating from the repeal, in 1896, of the Highways 
and Locomotives (Amendment) Act of 1878—reached 
their peak on Saturday, July 27, when Their 
Majesties the King and Queen inspected the “‘ jubilee 
cavalcade ’’ of motor vehicles, drawn up in Regent’s 
Park. Nearly 500 vehicles, representing steam, 
petrol, heavy-oil and electric propulsion, were on 
parade, and were arranged in six groups, each 
vehicle bearing a card announcing its group and 
serial number, and a brief description. Group A, 
though ostensibly covering the years 1896 to 1904, 
went much farther back, as it contained an 1875 
Grenville steam coach. No other vehicle in the 
display dated back as far as 1896, the year of 
emancipation, but no less than 16 belonged to the 
Nineteenth Century, and two of them—an 1898 
Star and an 1899 Wolseley—had obtained awards 
in the 1,000 Miles Trial in 1900. Group A contained 
in all 78 cars. Group B covered the period 1905- 
1914 and was less numerous, having only 54 entrants, 
but it contained a 1905 two-cylinder Rolls-Royce, 
stated to be the oldest car of this make in existence, 
and a 7-h.p. Austin of 1909; not to be confused, 
of course, with the first ‘‘ Baby Austin ” (1922) in 
group C. This third group comprised only 39 cars, 
including the 1,000-h.p. Sunbeam (1927), which was 
the first car to exceed 200 miles an hour, and the 
1929 ** Golden Arrow,” which raised the land speed 
record to 231 miles an hour; but these were suffi- 
cient to show the remarkable advances in design 
which had been made during the 1914-18 war— 
advances on paper in the intermediate stages, appa- 
rently, for there was not a single vehicle on view 
which dated from any year between 1914 and 1921, 
other than the 1919 Sunbeam record-breaker. The 
fourth era, 1931-1939, otherwise group D, consisted 
of cars which are familiar to-day on the roads ; 
and group E, described as the “Current Era,” 
of private cars which might be familiar if so much 
of the output was not being exported. The final 
group, F, which included a number of War Depart- 
ment and Royal Air Force special-purpose cars, 
represented the commercial vehicles of the present 
day. After the imspection by Their Majesties, 
the cars moved off in procession, headed by the 1898 
Benz of Mr. G. J. Allday, M.B.E., President of the 
Veteran Car Club, and the 1875 Grenville steam 
coach, to make a circuit which included Edgware- 
road, Park-lane, Piccadilly-circus, Shaftesbury- 
avenue, Oxford-street, Portland-place, and so back 
to Regent’s Park. Most of them ran well enough 
mechanically, though probably their fuel consump- 
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tions were showing the effects of the past years, 
but some were decidedly ‘out of station” when 
they re-entered the Park. It may be mentioned 
that the exhibition of models, etc., portraying 
“50 years of Progress of the Motor Industry,” 
which has been organised by the Society of Motor 
Manufacturers and Traders at their new head- 
quarters, 148, Piccadilly, is to remain open daily, 
including Sundays, until August 10, between the 
hours of 10 a.m. and 9 p.m. 


EvLeEctriciry SupPpLy COMPANIES AND 
NATIONALISATION. 


The Incorporated Association of Electric Power 
Companies and the Provincial Electric Supply 
Association—two bodies which are representative 
of privately-owned electricity supply concerns— 
have refused an invitation from the Minister of 
Fuel and Power to discuss the future organisation 
of the industry with him. In sending the invitation, 
the Minister stated that, though fully aware that 
the associations were opposed to nationalisation, 
he assumed that both in the national interest and 
in the future interest of the electricity industry 
and its employees they would be willing to put their 
experience at his disposal. In acknowledging this 
communication, the associations, however, reiterated 
their conviction that to nationalise the industry by 
transferring it to Government ownership would be 
contrary to each and all of the named interests. 
Moreover, they said that they failed to appreciate 
the grounds the Minister had for his belief that 
they were anxious to be consulted as to “ the best 
means of carrying out the Government’s intention 
to nationalise the industry.” The proper procedure, 
they consider, would be for the Government to show 
the grounds on which it is claimed that their policy 
is in the national interest and in the interests of 
the industry before inviting conference. It may 
be wondered whether such a gesture, though natural, 
is wise, even in the companies’ own interests. It is 
true that the Government have determined on a 
policy of nationalisation, but it appears equally 
true that they have not decided on the exact 
methods by which that policy is to be implemented. 
If that be so, both the privately- and publicly-owned 
undertakings could play useful parts, obviously 
within prescribed limits, in framing the Bill, and 
what is even more important, working out the 
details of the new administrative policy. The 
companies’ argument that, since nationalisation 
will irreparably damage the industry and since Mr. 
Shinwell refuses to discuss any alternative, nothing 
more can be done, ignores the extent to which 
“nationalisation” has already been effected, at least 
as regards the generation and main transmission, 
as well as how large a part of the distribution of 
power is at the moment in the hands of publicly- 
owned undertakings. For these and other reasons, 
it is to be hoped that the companies will see their 
way to modify their present rigid attitude and at 
least to find out what the municipal undertakings 
propose to do in response to a similar invitation. 








THe Junior INSTITUTION OF ENGINEERS.—The 
Council of the Junior Institution of Engineers have had 
placed at their disposal a sum of money which they have 
decided to use to institute an additional award to 
encourage the interest of the younger members in research. 
The award, to the value of 201., will be made annually 
to any member, associate member or student of the 
Institution who is under 30 years of age and who submits a 
paper, judged to be of sufficient merit, on applied research 
in any branch of engineering development. Particulars 
may be obtained from the secretary of the Institution, 
39, Victoria-street, London, S8.W.1. 





BAILIE MEMORIAL PRIZE FOR STUDENTS.—Commenc- 
ing in the coming session, an annual prize of 21. 2s. will be 
awarded to the student of the North Midland Student’s 
Section of the Institution of Electrical Engineers who 
reads the most meritorious paper before the Section, 
provided a premium has not already been awarded for 
the paper by the Council. The prize will be known as 
the Bailie Memorial Prize and will be provided from a 
fund founded some years ago for this purpose in memory 
of the late Mr. J. D. Bailie, a former honorary secretary 
of the North Midland Centre. Further information may 
be obtained from Mr. H. Moorhouse, bonorary secretary 
of the Students’ Section, 5, Leake-street, Castleford, 
Yorkshire. 
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LETTERS TO THE EDITOR. 
SOUTHERN RAILWAY ‘* MERCHANT 
NAVY’? CLASS LOCOMOTIVES. 


To THE Eprror oF ENGINEERING. 


Str,—We have read with much interest your 
reprint of Mr. O. V. S. Bulleid’s paper, read before 
the Institution of Mechanical Engineers, on the 
Southern Railway ‘‘ Merchant Navy ”’ locomotives, 
in ENGINEERING of July 5 and 12, and note especially 
the diagrams, Figs. 13 and 14, on page 45, ante, 
giving the elevation and plan of the chain-driven 
valve gear and the oil-bath arrangement. Herewith 
we are sending you two photographs of the chain 
drive, supplied to us by Mr. Bulleid; Fig. 1 shows 
the intermediate sprocket and Fig. 2 the final duplex 
sprocket. It occurred to us that your readers might 
be interested to see these close-up views of this 
unusual mechanism. 

The illustration showing the final sprocket shows 
also a small roller-chain drive ; this operates an oil 
pump for general lubrication. As was explained in 
Mr. Bulleid’s paper, these chain transmissions drive 
the link motion operating the valves, transmitting 
the rotary motion of the main driving axle to the 
jack-shaft operating the link motion. In the first 
instance, the intention was to use only one trans- 
mission, but because of the relative positions of the 
axle and the jack-shaft, the transmission would then 
have an appreciable angle to the horizontal. This 
introduced a serious difficulty, because the driving 
axle has a permissible up-and-down movement of 
approximately 4 in., which would have caused a 
variation in the distance between centres of the 
drive. The difficulty was overcome by using the 
double transmission shown, one of the chains being 
horizontal. 

The rather crude form of “slipper” shown sup- 
porting the underside of the chain, in Fig. 1, was an 
experimental device which was undergoing testing 
when this photograph was taken. 

Yours faithfully, 
J. M. Seppon, 
London Manager, 
The Morse Chain Company, Limited. 
Hastings House, 
Norfolk-street, 
London, W.C.2. 
July 30, 1946. 





ATTRACTING THE APPRENTICE. 
To THE Eprror oF ENGINEERING. 


Str,—Your article on page 85 of ENGINEERING 
of July 26, arising out of Sir Claude Gibb’s Edward 
Williams Lecture to the Institute of British Foundry- 
men, states that ‘‘ so far as the foundry is concerned, 
the frequently unpleasant working conditions are 
probably among the root causes of the lack of 
new entrants.’ This, I think, is undoubtedly 
true, but I am not sure that you have got down to 
the real explanation, even so. The garage mechanic’s 
job may make him dirty, but he is not scrabbling 
in dirt all the time, and most of his work is done 
in a fairly pure atmosphere. The great majority 
of foundries have not a pure atmosphere or anything 
approaching it; the work is permanently and 
unavoidably dirty, and very seldom are there 
any proper facilities for removing the dirt before 
going home. The average foundry has improved 
very little in these respects within living memory, 
but the standards of domestic cleanliness and 
other amenities have improved a great deal; even 
the most congested industrial towns are much 
cleaner than they used to be, and housing standards 
are. continually improving. It is the contrast 
between a clean home and a dirty job, I believe, 
and the ever-increasing cost of maintaining this 
higher standard of cleanliness, that plays the 
biggest part in preventing boys from taking up 
foundry work. 

Thirty-five years ago, I worked in a foundry 
which was obsolete even by the standards of that 
day. No one but the manager had access to a 
wash-basin, artificial light was necessary all day, 
and, apart from the ordinary foundry fumes, the 
building was filled with smoke for most of the day 
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from the boiler of the steam-driven gantry crane ;| complain when they show that they have learned 


smoke which had to come down to floor level to 


| the lesson ; but—and this is hardly a less important 
escape through the door because the windows | 


point—trade-union spokesmen could help a great 


were never opened and the roof vents were practically | deal if they were not so eager to maintain a state 


useless. In spite of all this, the manager had no 
trouble in obtaining apprentices, because the 
foundry was in a rather squalid district where con- | 


ditions were relatively not much better, in many of | 


the houses. He turned out good castings up to about | 
eight tons in weight, and the firm only went out 
of business because the lease expired and they 
would not agree to the conditions for a renewal. 
Twenty-five years later, I spent some time in a 
modern mechanised foundry, well designed, well | 
built and well ventilated; but the difficulty of 
getting enough apprentices was already causing 
some worry, because it was in a semi-rural district 
where people were “house-proud” with good 
reason, and there were plenty of cleaner jobs to be 
had. To quote a little pamphlet, The Foundry 
and the Foundry Worker, published a couple of 
years ago by the Glasgow District Committee of the 
National Union of Foundry Workers, “‘ The house- 
wife is still looking for the washing powder that 
will give that clean white appearance to the under- 
clothing of husband, son or daughter who works in 
the foundry.” Better washing and changing facili- 


ties, I am convinced, would go a long way to solve 
the problem of obtaining foundry apprentices. 
After all, we have worked hard for many years to 
educate people to observe and insist upon higher 





standards in personal cleanliness, and should not 





of permanent discontent. There are passages in 
the pamphlet that I have quoted which make one 
wonder whether the writer wants the industry to 
continue at all; they are enough to prevent anyone 
from entering it. I may be wrong, but I do not 
remember that the foundrymen with whom I worked 
were so anxious to “crab” their trade in the 
days when I was 
, APPRENTICE No. 4680. 

July 29, 1946. 








MAGNETISM AND THE TESTING 
OF MATERIALS. 


To THE Eprror OF ENGINEERING. 


Sir,—In his article on ‘‘ Magnetism and the 
Testing of Materials,’ of which an abridged trans- 
lation was published in your issue of July 12, on 
page 41, Mr. R. V. Baud emphasises the important 
fact that the theoretical stress concentration factor, 
K, is not realised in practice. Practical tests show 
that K must be modified, say to Kyprectine, and 
may be linked by the equation given, which is due 
to H. Neuber, 
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where p is the notch radius, and p’ is a constant of 
the material. This is equivalent to 
Si 
“/ 5 ** 
ky == 
Py 
p 
These equations are unnecessarily complicated. 
From an analysis of a number of results, I have 
found a simpler equation which will predict results 
accurately. 
Thus, 


igGge —— >" 
ey | 
where p” is again a constant of the material. 

Baud then states that, in addition to Neuber’s 
equation, another expression should also be used, 
namely, 

K, = 1+ Ke (Keyz — 1), 
where Ky is a factor determining the notch effect, 
and K, the notch susceptibility of the material. 
This expression is really absurd, for by Neuber’s 
expression (or the simplified one given) we have 
already one factor taking account of the nature 
of the material, namely, p’. This second expression, 
merely introduces unnecessary complication. 
Yours faithfully, 
R. B. Heywoop. 
37, Bass-street, Derby. 
July 19, 1946. 





THE INSTITUTION OF MECHANICAL | 


ENGINEERS. 
To THE Eprror oF ENGINEERING. 


Sirn,—Now that the amalgamation of the Insti- 
tutions of Mechanical and Automobile Engineers is 
under discussion, would it not be an appropriate 
time to consider also correcting the mistakes in 
the coat of arms of the former institution ? 
The terrestrial globe, shown on the covers of the 
monthly Proceedings of the Institution, with its 
parallels of latitude curved the wrong way, is 
surely hardly creditable to a learned society, while 
the callipers, hanging by their points from the 
diameter of a shaft, suggest a want of adjustment 
that is positively painful to anyone who under- 
stands the use of callipers. 

Yours faithfully, 
MECHOBILE. 
July 24, 1946. 

[Parallels of latitude which are not parallel appear 
to be an accepted heraldic convention, hardly to be 
regarded as a mistake; they are shown thus, for 
instance, in the crest of the City of Manchester and, 
we believe, in the badge of the Royal Marines and on 
the house-flag of the Cunard Line. A curious feature 
about the crest of the Institution of Mechanical Engi- 
neers, however, which our correspondent may not have 
noticed, is that while, in the coloured frontispiece to 
vol. 144 of the Proceedings (which first displayed the 
new coat of arms to the members) the parallels curve 
away from the Equator, they are curved towards it 
in the reproduction of the Institution’s seal, on the 
cover of the serial parts of the Journal and Proceedings. 
Since there is this apparent elasticity about the obser- 
vance of the convention, there seems to be no reason 
why the parallels should not be shown parallel.— 
Ep., E.] 





THE OLDEST BRITISH PASSENGER 
LOCOMOTIVE. 
To THE Eprror oF ENGINEERING. 


Smr,—Perhaps at no other time has there been 
so keen an interest in the historical aspects of 
engineering as there is at present. The highly 
appreciative audience which witnessed the “ fare- 
well performance ” of the Cornish engines of the 
Metropolitan Water Board on May 25 is an example, 
and your own article arising out of that memorable 
occasion is additional evidence of the appeal made 
by a notable engineering achievement of the past. 

Your readers may share my regret, therefore, on 
hearing the report that the senior passenger loco- 
motive in this country—with no less than 80 years’ 
service behind it—is now standing in Derby Works 
and is being considered for scrapping. I refer to 
the old L.M.S.R. No. 2 (now 20002), which was 
built at Derby to Mr. Matthew Kirtley’s designs 
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in 1866 and is a really remarkable example of the 
type of locomotive construction commonly used in 
the’ sixties. From the viewpoints of sheer antiquity, 
constructional details, and the known wide public 
interest in this engine (as evidenced by the numerous 
published articles referring to it in the railway, 
Press), may I make this appeal that such a wonderful 
locomotive be preserved ? I have certain informa- 
tion that the difficulty of finding space to house it 
(which so often in the past has militated against the 
preservation of a locomotive) can be very happily 
solved in this case, if the necessary sanction can be 
given for it to be saved. 

A locomotive which came into being in the same 
year as ENGINEERING, and which, like your journal, 
has such a wonderful record of public service 
behind it, will, I hope, appeal to you as an object 
worthy of the support of your readers in an attempt 
to prevent its destruction. The engine is the last 
of its kind, and quite irreplaceable. I may add 
that this letter has the full knowledge and support 
of the Council of the Stephenson Locomotive 
Society, the senior body interested in the historical 
aspects of locomotive engineering. 

Yours faithfully, 
W. O. SkEat. 

32, Russell-road, London, W.14. 

July 25, 1946. 





MEMORIAL TO MARINE 
ENGINEERS. 


To THE Eprror OF ENGINEERING. 


Sir,—The Institute of Marine Engineers are 
issuing an appeal for funds wherewith to erect a 
modern and permanent headquarters as a memorial 
to the 3,500 marine engineers who lost their lives 
during the recent war, and we should be glad if 
you could give some prominence to this appeal in 
your columns. 

The Institute was founded in 1889, and in 1933 
was granted a Royal Charter to promote the science 
and practice of marine engineering in all its branches. 
The present headquarters in the Minories must be 
vacated in the comparatively near future if the 
scheme for replanning the City of London is adopted, 
as this scheme would necessitate pulling down the 
building. The Council of the Institute have taken 
an option, therefore, on a site in Fenchurch-avenue, 
in the heart of the shipping area, and preliminary 
plans have been drawn. 

Among the special features which it is intended 
to incorporate in the new building are a lecture hall, 
to be known as the Memorial Hall, to have a 
capacity of at least twice that of the present meeting 
hall of the Institute. In it would be recorded, on 
suitable plaques, the names of all the marine 
engineers of the British Merchant Navy who lost 
their lives during the war. In addition to a Council 
chamber, there would be at least two committee 
rooms and, of course, adequate offices for the staff ; 
and reading and writing rooms for the use of the 
members. A library would be provided, consider- 
ably larger than the present one, the aim of the 
Council being to make it the finest reference library 
of the kind, covering marine engineering, ship- 
building, and allied industries, as well as sections 
dealing with the history of these branches of tech- 
nology and of the City and Port of London. A 
feature of particular note would be the provision 
of a room for the use of marine engineers who are 
not members of the Institute. 

To build and equip the new headquarters will 
cost 100,000/., and we desire to appeal to all 
members of the Institute, to shipowners and ship- 
builders, and to all those associated with shipping, 
at home and throughout the Commonwealth, to 
assist us to raise this sum within the next three 
years so that we may celebrate our Jubilee as an 
Institute, in 1949, by laying the foundations of the 
new building. 

Yours faithfully, 
A. L. AYRE, 
President. 
Witi1aM C. CurRIE, 
Past-President. 
The Institute of Marine Engineers, 
85-88, The Minories, London, E.C.3. 
July 29, 1946. 
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HISTORY OF THE BRITISH SCIEN- 
TIFIC INSTRUMENT INDUSTRY.* 


By 8S. L. Barron. 


To attempt a survey of scientific instrument develop- 
ment in Great Britain throughout the ages is a formid- 
able task, and to compress it within the compass of a 
single lecture adds greatly to the difficulty. I can, 
therefore, refer only briefly to a few of the notable 
developments of a fundamental character, and try 
to show how British designers and manufacturers have, 
in many cases, led the world in scientific advancement. 
In the preparation of this lecture, one fact has been 
outstanding, namely, the close co-operation, evident 
in every period, between the leading scientists and the 
makers of the instruments that have been the means 
of facilitating rapid scientific advancement and accurate 
knowledge of the nature of the universe. It is impos- 
sible, therefore, to separate the scientists from the 
manufacturers; in many cases, the scientists have 
themselves been their own instrument makers. The 
first English text-book to deal with instruments is that 
written by Chaucer entitled T'reatise on the Astrolabe, 
and dated 1391. 

The growth of Great Britain as a maritime power 
during the middle ages naturally gave rise to an 
extensive study of problems of navigation, and, at first, 
instruments were designed and made largely for this 
purpose. They included the backstaff invented by 
John Davys, in 1540, which was an improvement on 
the cross-staff then in general use for the measure- 
ment of latitude. With these instruments observations 
were made on the sun, and the advantage of the back- 
staffe lay in the fact that the observer, instead of look- 
ing into the sun as with the cross-staff, stood with his 
back to the sun and adjusted the instrument until a 
shadow cast by the sun fell upon a slit. Measurements 
were taken of the sun’s altitude in reference to the 
horizon, and the accuracy was probably about 2 deg. 
The backstaff, in turn, was superseded by the sextant, 
simultaneously designed by Thomas Godfrey and John 
Hadley in 1731, to both of whom the Royal Society of 
Great Britain made an award of 2001. for the invention. 
The development of this instrument was greatly influ- 
enced by the theoretical work of Sir Isaac Newton and 
Robert Hooke. The sextant, though much improved, 
has changed but little in fundamentals for over 200 
years, and is now capable of an accuracy of reading to 
about 10 seconds of are. It is still extensively used, 
but modern developments will undoubtedly have an 
important bearing on future practice. Previous to 
1571, Leonard Digges made a surveying instrument 
which was given the name of theodolitus, which was the 
direct forbear of the modern theodolite, and the 
important invention of the micrometer was made in 
1640 by a British astronomer named Gascoigne. 

The period 1650-1750 was one of great scientific 
activity in Great Britain. It produced many outstand- 
ing figures of world-wide renown, including Newton, 
Boyle, Hooke, Halley, Flamsteed and many others. 
Much of the progress was due to the close interest of 
the Royal House, and Parliament. King Charles II, 
in 1662, gave a charter to the newly instituted Royal 
Society formed for the advancement of science, and 
thus brought together the scientists and provided 
facilities for the open discussion of experiments and 
theories. It was during this period that instrument 
makers, as distinct from those scientists who made 
apparatus for their own use, began to establish them- 
selves as traders. 

Robert Hooke was demonstrator to the Royal Society 
and collaborator with Newton and Boyle, Wren, 
Flamsteed and others. Although extremely versatile, 
his main claim to fame lay in his development of the 
Hooke microscope which, in 1665, he described in a 
monumental work entitled Micrographia. He also was 
the first to design a wheel barometer. The earliest 
microscopes had been developed on the Continent of 
Europe, and Leuwenhoek, of Holland, was in constant 
communication with the Royal Society describing the 
remarkable discoveries that he had made with the 
single-lens microscopes of his own manufacture. 
Leuwenhoek had acquired a remarkable personal tech- 
nique, and many of his observations could not be 
repeated by other observers, even when his own micro- 
scopes were employed. Hooke devised the compound 
microscope, and fitted a means for illuminating the 
specimen under observation. His instrument was a 
great advance, and with it he was able to confirm the 
observations of Leuwenhoek and to provide means for 
demonstrating them to less skilled workers. Hooke 
kept a diary during the years 1672-80 which, after 
being lost for over two centuries, came to light, and 
was transcribed by H. W. Robinson, librarian to the 
Royal Society. This diary provides a fund of informa- 
tion as to Hooke’s own work and that of the other great 
scientific figures of his day, and illustrates the profound 





* Lecture delivered at the Exhibition of British 
Scientific Instruments in Stockholm on June 2, 1946. 
Abridged. 
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influence he had upon scientific development. Hooke 
made many instruments himself, but he also employed 
instrument makers. His microscopes and telescopes, 
a number of which have been preserved, were made by 
an instrument maker named Christopher Cocks but 
the designs were afterwards improved by John Marshall, 
who introduced the method of grinding simultaneously 
several lenses mounted on a convex spherical brass 
block this being one of the first examples of mass pro- 
duction and a method still in use to-day. He also 
dealt considerably with one John Yarwell, a maker of 
optical instruments. Copies of Yarwell’s trade card 
have recently come to light and provide one of the 
earliest forms of advertising matter issued by a British 
instrument maker. One copy is in the British Museum, 
and a second in the Whipple Collection at Cambridge 
University. The latter copy is annotated on the back 
in Newton’s own handwriting. Hooke was a great 
friend of Tompion, the celebrated English clockmaker, 
and the diary contains many references to suggestions 
made to Tompion for improving the balance wheels and 
the time-keeping of his clocks, which became world- 
famous. He also made a series of observations on what 
he termed his “* mercury glass ” or “* weather glass ”’ and 
certainly co-related the rise and fall of a mercury column 
with changes in the weather. King Charles was 
interested in the observations, and commanded him to 
make a “* weather glass ” for his personal use. 

Contemporary with Hooke was Sir Isaac Newton, a 
figure of international renown, whose tercentenary is 
to be celebrated at the Royal Society in London in 
July. The effect of his work on the knowledge of the 
universe provided a great stimulus to- the design and 
manufacture of telescopes of ever increasing power, and 
placed Britain in the forefront as manufacturers of 
optical and astronomical equipment of all types. 

It is of interest to note, at this juncture, that a 
number of British instrument manufacturers still in 
business date their foundation from this period, and 
thus have an unbroken tradition, as makers of scientific 
instruments, extending over 250 to 300 years—a 
unique claim that is unsurpassed throughout the 
world. Among these may be mentioned Messrs. Ottway, 
who were established before 1640 as makers of quad- 
rants and other navigational instruments, and who still 

records of their business from that date. The 
earlier records were destroyed at the shop of Thomas 
Ottway in the Great Fire of London. The firm of 
Messrs. Newton and Wright was founded by a cousin 
of Sir Isaac Newton about 1740, who, it is fairly safe to 
conjecture, considerably influenced the design of 
instruments in the early years. Messrs. Cooke, Trough- 
ton and Simms, trace their history back to Thomas 
Wright, who was established in 1708, as a maker of 
orrerys, dials and navigational instruments, and whose 
successors, Edward Troughton and George Simms, 
although instrument makers, themselves became 
Fellows of the Royal Society. Edward Troughton 
was the first to construct a micrometer microscope in 
1796, which was capable of determining differences in 
length of 0-0001 in. The firm has remained in the 
control of the same family for over 200 years. 

During this decade, attention was concentrated on 
the development of optical instruments, and many 
improvements were introduced which made the British 
distinguished for superior workmanship and design, 
so that they acquired world-wide renown. Benjamin 
Martin, an instrument maker, author and teacher, 
was the first to fit a microscope with a micrometer. He 
specialised in microscopes and mathematical instru- 
ments and had a great influence on developments in this 
field. George Adams and his sons also greatly influ- 
enced the design of scientific instruments. They traded 
at a shop in Fleet-street, London, called “the Tycho 
Brahe’s Head,” thus showing that a lively appreciation 
of this distinguished Swedish astronomer’s work existed 
in Britain at that time. Adams was the first person 
to fit the microscope stage with two micrometers 
working at right angles, thus enabling the object under 
observation to be accurately measured and explored. 
He also was the first to employ a number of objective 
lenses on top of one another, thereby greatly increasing 
the magnifying power of the microscope. His instru- 
ment work was of an exceptional character and was in 
advance of any other maker of his period. He made 
many beautiful instruments for King George III, which 
are now preserved in a national collection. He wrote 
important text-books on mechanical sciences, including 
the Micrographia Illustrata, which had great vogue. 
George Adams was the first person to design and make 
the lucernal, a form of projection microscope to enable 
a number of people to observe an object under magnifi- 
cation at the same time. 

A fundamentally important advance in the design 
of optical systems occurred in 1733, when an English- 
man named Chester Moor Hall found that by combining 
lenses with different refractive indices he was able to 
produce images free from colour, and thus designed 
the first achromatic lens system. He later communi- 
cated his discovery to J. Dollond, a Fellow of the 
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important development remained dormant until 1758, 
when Dollond produced his first achromatic telescope 
fitted with an object glass consisting of a convex lens 
of crown glass and a concave lens of flint glass. Dollond 
has therefore, until recently, been erroneously credited 
with the invention of achromatic lens systems. It 
was as a result of an inquiry by Prof. Nordstrom, of 
the Swedish Royal Academy, pointing out the work of 
Prof. Klingensturna, a Swedish mathematician, con- 
temporary with Dollond, that the documents relating 
to the matter have recently come to light in the archives 
of the Royal Society, and have been reported by the 
Librarian, Mr. H. Robinson. Dollond founded a firm 
of optical instrument makers that still exists under the 
same name. It is surprising that it was not until 1825 
that achromatic lenses were used in microscopes. The 
first photographic lenses corrected for chromatic 
aberration were made by Andrew Ross in 1840, and 
Ross cameras and lenses became famous the wor!d over. 

The early work of Newton on reflecting telescopes 
is well known, but it was not until 1730 that a British 
instrument maker, James Short, produced parabolic 
mirrors that enabled the reflector to come into general 
use. This work was later greatly improved by Sir 
William Herschel, the British astronomer, who con- 
structed a number of large reflecting telescopes that 
were widely distributed over the continent. Instru- 
ments for surveying, navigation and astronomical 
observations also received much attention, and a great 
step forward was accomplished when, in 1766, a British 
inventor, J. Ramsden, optician to His Majesty, devised 
a circular dividing machine for making instrument 
scales, thus earning a large Government award. On 
this machine he divided the azimuth and altitude 
circles he made for Palermo University, with which 
Piazzi made his well-known catalogue of stars. The 
introduction of this machine greatly increased the 
accuracy with which instrument scales could be divided, 
with consequent accuracy in making observations. It 
remained in constant use until the introduction, in 
1826, by William Simms, of a fully automatic dividing 
engine, upon which many of the principal circles in 
the world have since been divided. 

Ore of the great problems of the Seventeenth 
Century was to be able to determine longitude accu- 
rately at sea. This could only be done by the provision 
of an accurate timepiece or clock. Many attempts 
were made by makers all over Europe, but prior to 
1734 a sufficiently accurate clock had not been designed. 
Newton, Hooke, Tompion and others devoted much 
time to this important problem, and at the instigation 
of some prominent British shipowners, the Government 
established a “ Board of Longitude ” in 1714. At the 
same time, they authorised an award of up to 20,0001. 
for a method of determining longitude at sea which 
at the end of six weeks’ voyage would have an error 
of less than 30 geographical miles, that is, an error of 
less than 3 seconds a day. This, at the time, seemed 
a formidable proposition, until, in 1734 (20 years later), 
John Harrison produced a marine clock that conformed 





with the rigid specifications; his claim to the prize 
was strongly contested, largely by the Board of Longi- | 
tude, who could hardly be innocent of jealous feelings, | 
and although he made more and improved clocks he 
did not receive any of the prize money until 1765, 
when 10,0001. was paid, and the remainder was not | 
remitted until King George III intervened on his | 
behalf in 1773. Harrison clocks are still in the posses- 
sion of the British Admiralty, and the workmanship 
and design was of such sterling quality that, some 
20 years ago, Lt. Cdr. R.T. Gould was able to get them 
into working order, and they are now at work in the 
National Maritime Museum at Greenwich. Harrison’s 
clocks were large and intricate, and not very suitable | 
for ship use, and much time was subsequently spent in | 
designing a suitable chronometer of more convenient 
form, and it was about 1770 that Thomas Earnshaw, 
in England, began to produce in considerable numbers 
a suitable model which enjoyed international renown— 
indeed, the Earnshaw design is still made in Great 
Britain by Messrs. Mercer, and is a chronometer of 
great reliability. 

A survey of this character would be incomplete 
without a mention of the great contributions of Michael 
Faraday, Director of the Royal Institution of Great 
Britain. His most fundamental discovery, that of 
electro-magnetism, was made in 1831, when, on 
August 29, he demonstrated for the first time that an 
electromotive force is generated in a coil by changing 
the magnetic field. This may truly be considered to 
be one of the most profound and important discoveries 
in the world’s history, as it marked the beginnings of 
the practical application of electrical science, and 
brought in its train all the electrical developments 
that we enjoy to-day. It would be imporsible to 
enumerate in any detail the progress that followed his 
momentous discovery, but the fruits are obvious to 
all of us. It is true to say that it heralded the new 
scientific age. Faraday also showed that when a bar 
magnet is moved into and out of a solenoid an electro- 





Royal Society, but for some unknown reason this 





motive force is caused to flow in the coil. He also 
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first demonstrated the earth’s magnetic field by 
showing that when a circular coil was rotated through 
180 deg. an electric current was induced in the coil and 
could be shown by the movement of a galvanometer 
needle. The original apparatus with which Faraday 
made and demonstrated these discoveries remains in 
the possession of the Royal Institution. The effect of 
Faraday’s work on the scientific instrument industry 
was immense, as it brought into being an entirely new 
range of instruments for electrical measurement and 
experiment, and British manufacturers should have 
benefited greatly by the proximity and advice of the 
great pioneer. His successor at the Royal Institution, 
Tyndall, and others, pressed forward his work, but 
British instrument makers, although in a favourable 
position to take full advantage of this fundamental 
development, were slow to realise it: great potentiali- 
ties, a laxity that was greatly rectified in the early 
part of the Twentieth Century. ; 

During the later part of the Nineteenth Century, 
the design of mechanical instruments in Britain 
received considerable impetus from the work of Clerk 
Maxwell, who, in 1876, laid down the principles of 
kinetic or geometrical design. He also defined an instru- 
ment as opposed to apparatus. “ Everything which is 
required in order to make an experiment is called 
apparatus. A piece of apparatus constructed especially 
for the performance of experiments is called an instru- 
ment.” Clerk Maxwell’s theories, when put into effect, 
had a great bearing on the accuracy, stability and 
permanence of all mechanical instruments employing 
moving members, and since many electrical instruments 


| embody mechanical! principles the effect has been far- 


reaching. The importance of Clerk Maxwell’s theories 
was immediately recognised and put into effect by 
some of the more enlightened instrument makers, 
notably Lord Kelvin and Horace Darwin, the latter 
the youngest son of the famous bolog’st Charles 
Darwin and uncle to Sir Charles Darwin, who gave the 
inaugural lecture at this convention. Horace Darwin, 
who founded the Cambridge Instrument Company, 
began his. career as an instrument maker in 1880, and 
one of the earliest instruments that he designed was a 
rocking microtome. This simple instrument is for 
cutting a series of very thin sections from biological 
material for subsequent microscopic examination. The 
instrument was designed entirely on kinetic principles, 
and is so excellent that, although it does not employing 
much skilled instrument work, it is capable of cutting 
sections accurately down to 0-001 mm. thick, the 
accuracy being unaffected by wear in the moving 
parts; instruments are still in constant use after 
over 50 years of service. The design made to-day has 
not changed in any fundamentals since the original 
instrument was made over 60 years ago. 

William Thomson, afterwards Lord Kelvin, was an 
outstanding instrument maker of this period, and had 
a profound influence on the industry. Thomson was 
appointed Professor of Natural Philosophy in Glasgow 
University, and in 1849, co-operated with James White 
in the design and manufacture of instruments. The 
fertility of his mind in designing accurate measuring 
instruments was amazing, and his instruments acquired 
world-wide renown. Of particular importance was his 
pioneer work, in 1856, on submarine telegraphy, and 
it was mainly due to the instruments designed by him, 
notably the Thomson galvanometer, that the cable 
between Ireland and Newfoundland was brought into 
successful operation. Thomson later turned his atten- 
tion to navigational instruments, and was responsible 
for the dry-card compass and a patent sounding 
machine that came into general use. It would be 
impossible to enumerate all the important instruments 
developed by Thomson, or to assess the great influence 
he had on design ; suffice it to say that he was a master 
of kinetic principles and his scientific work was ulti- 
mately rewarded by his elevation to the peerage as 
Lord Kelvin. The products of the firm founded by 
him are to be found on almost all ships. 

The discovery of X-rays by Réntgen and the work 
of Crookes in Great Britain, opened up a new and 
valuable field for the instrument maker in X-ray equip- 
ment for diagnostic purposes in the hands of the 
medical profession, and later for crystallographic 
analysis and the examination of metallurgical struc- 
tures. The progress in Great Britain has been steady, 
both in stepping up the penetrative power of the rays 
and in shortening the exposure for photography. The 
more recent advances in radiography include the design 
and development by Dr. Russell Reynolds of apparatus 
for taking cine-radiograms by which permanent records 
can be made of transient conditions. This entailed 
the provision of special camera lenses of high definition. 
Similar equipment has been developed for mass radio- 
graphy, enabling permanent records to be made of 
large numbers of patients in rapid sequence, particu- 
larly in cases of incipient tuberculosis. This apparatus 
is now being widely employed in Great Britain by 
industrial firms, as well as by hospitals, in an endeavour 
to improve the health of their workpeople. 

(To be continued.) 
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and industrial chemistry is the concern of the Society 
of Chemical Industry (founded in 1881). Both these 
organisations were offshoots of the Chemical Society, 
as were other societies specialising in sub-divisions 
of the subject. To-day, some of these offshoots, 
having meanwhile grown in stature and importance, 
are again joined with the parent body in the Chemical 
Council, which consists of representatives of various 
chemical organisations and through which chemical 
industry and individuals subscribe to provide assist- 
ance in the publication of chemical research work and 
information. 

The Chemical Society owes its success almost entirely 
to the ready means it has provided chemists of publish- 
ing their discoveries and affording them a place for dis- 
cussion -and the interchange of ideas. The Society 
has been the model and the elder sister of similar chemi- 
cal societies set up in other countries, particularly those 








USE OF FLAT-BOTTOM RAILS 
ON THE L.N.E.R. 


THE first point and crossing work in this country to 
be fabricated from flat-bottom rails, weighing 110 lb. 
a yard, was laid by the London and North Eastern 
Railway, at Harringay on the outskirts of London, in 
the early part of 1944.* This consisted of a single 
turnout throughout which the rails were vertical. 
The switches were of a loose-heel type and were pivoted 
on cast-iron blocks. To avoid excessive cutting away 
at the foot of the switch rails, the latter were given a 
}-in. lift above the stock rails between toe and heel. 
Since that time, the same railway have developed an 
improved design for flat-bottom switch and crossing 
work, in which the normal 1 in 20 rail tilt is retained 
through the connections and heel-less switches are used. 
The elevation of the switch above the stockrail has | 
also been eliminated. We understand that a considerable 
amount of this type of flat-bottom junction work, 
including slips, has now been installed ; and has given 
entire satisfaction up to date. A photograph giving a 
general view of such a turnout, which was laid at 
Brayton in May, 1945, is reproduced in the accom- 
panying illustration. 

As already mentioned, the stock rails and switch 
blades are tilted at 1 in 20 to the vertical, the bottom 
flange of the switch being planed, so that it will move 
over the horizontal surface of the slide base plate and | 
be properly. housed against the stock rails, which are of 
full section The switch angles, the radius of the switch } 
curve and the top planing are, generally speaking, 
similar to that which is usual in the case of British Stan- 
dard bull-headed rails. Theswitches are straight planed 
and are of the heel-less type. The spring-steel stretcher 
bars are 4 in. thick and are also similar to those used 
with bull-headed switches. The point and splice rails 
in the common crossings are vertical for a few feet from 
the nose, but are twisted to the 1 in 20 inclination as 
soon as this can be done conveniently. The splice rail 
of the crossing is housed on the foot and under the head 
of the point rail. The nose is 3 in. wide and, asin bull- 
head practice, the foot of the point rail is extended 
3 in. to accommodate a holding-down bolt. In the 
case of all crossings of 1 in 7 and flatter, the throat gap 
is 2 in., but in wider crossings it is somewhat greater, 
the actual amount depending on the crossing angle. 
Flangeways of 1 in. are provided, which open to 34 in. 
at the ends of the wings ; and the crossings are adequately 
blocked by distance blocks giving web contact. These 
blocks are secured by 1} in. transverse bolts. 

In the obtuse crossings the wing and check rails are 
tilted. The point rails, however, are vertical at the 
nose and are twisted to the 1 in 20 tilt as soon as they 
are clear of the distance blocks. The knuckle gap is 
2 in. in the case of crossings from 1 in 7 tol in 8. In 
the case of wider crossings it becomes rather longer 
than this and varies with the angle of the crossing. On 
double or single slips, B switches are employed, but the 
usual free length of 24 ft. 11 in. is reduced to 18 ft. 6 in. 
Although the possibility of using elastic spikes in 











* See ENGINEERING, vol. 158, page 170 (1944). 





junction work is being explored by the London and 
North Eastern Railway, the usual type of fastening 
employed in this flat-bottom switch and crossing work, 
to secure the rail to the cast-iron baseplates, is the 
hook bolt and malleable-iron clip. The plates them- 
selves are fastened to the timbers by chair screws. A 
holding-down bolt, with which the standard clip can be 
used, is provided in the vicinity of the obtuse crossings 
when slips are installed. 

Among the claims made in favour of the use of the 
flat-bottom rail in both plain line and switch and 
crossing work are that it is stiffer, both laterally and 
in a vertical plane, than the bull-head rail and that 
the maintenance of good track alignment and level 
is therefore easier. With the modern tendency to 


reduce the number of joints by welding rails into long | 


lengths, greater lateral strength may be an important 
factor in minimising the possibility of buckling of the 
track in hot weather. The elimination of keys may 
also prove to be an advantage, as may the larger bearing 
area of the base of the rail. 

Most of the connections of this kind which have been 
laid on the London and North Eastern Railway up to 
the present time, have been manufactured by Messrs. 
Taylor Brothers (Sandiacre), Limited, at their Sandi- 
acre works. 





THE CENTENARY OF THE 
CHEMICAL SOCIETY. 

As stated on page 610 of the previous volume of 
ENGINEERING (June 28, 1946), the Chemical Society is 
to celebrate the centenary of its foundation in July, 
1947. But for the war, the celebrations would have 
taken place in 1941, for it was “‘ on the 23rd February, 
1841, that twenty-five gentlemen interested in the 
prosecution of chemistry met together at the Society 
of Arts to consider whether it be expedient to form a 
Chemical Society.”’ These twenty-five gentlemen did 
deem it expedient; hence the Chemical Society was 
inaugurated. It was the first society formed solely for 
the study of chemistry, and although there had been 
small private chemical societies before 1841, none lasted 
for any great length of time. Atits first general meeting, 
Thomas Graham, the most distinguished chemist of his 
time, the pioneer of colloid chemistry and a discoverer 
of much important new chemical knowledge, was 
elected the first President. The organiser of the 
meeting on February 23, 1841, and the Society’s first 
secretary was Robert Warington. These two men 
were the leaders of the new Society and among its 
present-day possessions one of the most valuable is the 
100-year old “‘ Obligation Book,” which is still signed 
by new Fellows on their admission and contains as 
its first signatures the names of those two pioneers. 
The Fellowship of the Society has grown from the 
twenty-five original members of 1841 to over 6,000. 
The study of chemistry as a whole has remained its 
object ; it has not pursued the purely professional side, 
neither has it specially fostered industrial chemistry, 
although many great industries have been based on 
fundamental discoveries made by the Fellows. The 
professional affairs of chemists are now the province 





of France, Germany, and the United States of America. 
| The science of chemistry has made great advances 
| since 184] ; and a glance through the list of Presidents 
| of the Society provides convincing evidence of the im- 
| portant part played by the Fellows. To name but a few, 
|Graham, Hofmann, Williamson, Edward Frankland, 

Odling, Gilbert, Sir William and W. H. Perkin, Crookes, 
| Ramsay, Dewar, Armstrong, Meldola and Pope, have 
|all been associated with fundamental chemical dis- 
| coveries of far-reaching importance. The discovery 
| of mauve by Perkin is an example of the way in which 
| the work of the research chemist may have a profound 
influence on social and economic development. From 
| this early discovery has grown the whole of the present- 
| day coal-tar industry which includes in its sphere the 
| manufacture of dyestuffs, synthetic medicinal prepara- 
| tions, chemicals for the photographic industry and 
| many other materials. The pure research on the growth 
| of plants by Gilbert and Lawes at Rothamsted formed 
the basis of the vast present-day synthetic-fertiliser 
industry. The cathode-ray tube of Crookes is the 
direct ancestor of television, the Thermos flask of 
Dewar is one example of the application of his low- 
temperature experiments, and neon display signs are 
one instance of the uses made of Ramsay’s discovery 
of the rare gases in the atmosphere. 

With its past history and its present virility, the 
Society is justified in planning to make the celebration 
of its centenary an important event. The importance 
was indeed internationally recognised in the decision 
taken in Rome, in 1938, by the International Union of 
Pure and Applied Chemistry to hold its next Inter- 
national Congress in London at the time of the centen- 
ary of the Chemical Society. This decision is to be 
| implemented next year and immediately following the 
celebrations from July 15 to July 17, 1947, the Eleventh 
International Congress of Pure and Applied Chemistry 
will also be held in London. An international out- 
look has always been characteristic of the Society, and 
this will be reflected in the series of social and scientific 
events which will constitute the three days of the cele- 
brations. Many distinguished overseas delegates are to 
be invited, and these will include the honorary Fellows 
of the Society. One of these distinguished vi-itors will 
be invited to. follow in the line of Dumas, Cannizzaro, 
| Wurtz, Mendeléef, Ostwald, Fischer, Richards, Arrhe- 
| nius, Bohr, Debye, Rutherford and Langmuir as the 
| Society’s Faraday Lecturer. The Faraday Lectureship 

was founded in 1867 to commemorate the name of 

Michael Faraday, who was elected a Fellow of the 
| Society in 1842 and was one of its vice-presidents. In 
addition to the Faraday Lecture, it is intended that 
there should be a centenary address and a formal cere- 
mony for the presentation of addresses. It is also 
hoped to arrange a number of scientific lectures, visits 
to places of interest in the London area, and an exhibi- 
tion which will be held at the Science Museum during the 
period of the celebrations and the International 
Congress. 











DATA ON ALUMINIUM-SILICON CASTING ALLOY.—We 
have received a further aluminium-alloy “‘ data sheet” 
from Alar Limited, 35, New Broad-street, London, E.C.2. 
This contains detailed particulars of the chemical 
composition, mechanical properties, physical properties, 
machinability, corrosion resistance, casting characteris- 
tics, heat-treatment and applications of Alar 00.12 alu- 
minium-silicon casting alloy. The alloy is of the 10 to 
13 per cent. silicon type. 


HOLDER FOR WELDING ELECTRODES.—Messrs. The 
Quasi-Arc Company, Limited, Bilston, Staffordshire, 
have sent us a leaflet describing their Simpem electrode 
holder, which is specially designed for use in shipyards 
and for site welding. It is suitable for welding with 


electrodes of up to No. 6 s.w.g. A feature of the holder 
is the detachable taper plug and socket which forms 
one handle of the holder and enables the welder to 
disconnect the holder body from the cable, leaving 
the end of the cable still well insulated. 











TYRES AND THE WAR. 

Tue Tyre Manufacturers’ Conference, Trafalgar 
House, Whitehall, London, S.W.1, was founded in 
1928 to facilitate co-operation and co-ordination 
within that industry. When war broke out, the tech- 
nical resources of its members were pooled and informa- 
tion regarding methods and processes was circulated, 
not only to the eighteen factories in Great Britain, but 
to all friendly countries where tyres could be produced. 
An industry of competing manufacturers therefore 
became one unit, and the way in which this achieved 
success in spite of many obstacles is interestingly 
set out in a pamphlet by Mr. H. L. Kenward, the presi- 
dent of the Conference, issued on July 23. 

From this it appears that a total of 80,000,000 t 
was produced during the war, of which 32,693,748 
were of heavy types and 47,167,747 were for bicycles. 
Included in these figures were 10,365,516 car tyres, 
13,761,903 giant tyres, 823,089 land and tractor tyres, 
abcut 150,000 solid tyres and 2,234,000 motor-cycle 
tyres. Aircraft tyre production, in particular, expanded 
tremendously, necessitating greatly increased factory 
capacity, and it was naturally a first priority. This 
increased production, however, was not easily obtained, 
as will be gathered when it is pointed out that a large 
bomber tyre may weigh 17 times as much as an ordinary 
car tyre and may require 45 times as much labour time 
to produce. The cubic content of its inner tube may 
also be as much as 78 times that of an average car inner 
tube. It is not surprising therefore that research and 
development in aircraft tyre design had to be continued 
increasingly as conditions became more and more 
severe and flying weight increased. One result of 
this work was the twin-contact tail-wheel tyre, which 
has a tread with a specially-designed circumferential 
rib on each shoulder with a wall between them. Such 
a tyre, it is found, prevents the side-to-side movement 
or “ shimmy ” which may be set up in an aircraft during 
take-off, taxi-ing or landing. Serious damage to the 
aircraft structure from this cause is thus prevented, 
while at the same time tyre wear and maintenance is 
reduced. Service vehicles for the land forces presented 
one of the greatest problems for tyre manufacturers, 
owing to the great variety of the requirements that had 
to be met. For instance, the giant tyre was an essential 
component of at least forty types of military vehicle, 
while, in addition, it was widely employed for such 
civilian vehicles as "buses, lorries, fire engines, agri- 
cultural tractors and demolition trucks. 

It is clear from what is stated in the pamphlet that 
British tyre designers had anticipated many of the 
demands which were made on them during the war. 
In particular, ‘‘ bullet proof” tyres for armoured 
fighting vehicles had been developed and were in 
production before 1939. The essential features of 
these tyres were strengthened side walls and internal 
support; after they had been punctured they were 
capable of running at least 50 miles before collapsing. 
During the war, however, development in this direction 
was carried a considerable stage farther by the design 
of a “run-for-ever” tyre, without an inner tube, 
the potential life of which was estimated to be about 
30,000 miles. These new tyres were adopted early 
in 1942. The Swamp tyre, in turn, is a develop- 
ment of the “ run-for-ever ” idea. It consists of a wide 
squat section tyre which gives low ground pressure on 
soft ground and good cross-country performance on 
hard surfaces. It was specially designed for fitting 
on small lightweight vehicles for use in the jungles and 
swamps of the Far East. It has no inner tube, and when 
once fitted to a wheel requires no attention until it 
wears out. Another special tyre, with wide and 
flexible treads and operating at a very low air pressure, 
was produced for use on sand and made desert patrolling 
and reconnaissance possible on the widest scale. 

Probably the greatest test to which the industry was 
subjected, however, arose from the occupation of the 
Dutch East Indies, with the consequent loss of 90 per 
cent. of the world’s supply of natural rubber. The 
position was met temporarily by the utilisation of 
reclaimed rubber, thus enabling the period of two years 
which elapsed until an adequate supply of synthetic 
rubber could be assured to be bridged, though not 
without anxiety. The introduction of synthetic 
rubber was another major problem, since while the 
processing of natural rubber is normally carried out 
in two, or at most three, operations, with synthetic 
rubber it has to be carried out in four or five stages, 
with waiting periods of at least twelve hours between 
each. This meant greatly increased storage space 
for partly-processed stocks and a much longer time 
for developing new processes. The extra swelling 
of synthetic rubber after processing also necessitated 
the installation of new combers on the heavy roll callen- 
ders used for coating the tyre fabric, and an entirely 
new range of tread dies. About 25 per cent. more 
power, also, was required for all milling operations. 
The industry steadily overcame these difficulties, 
however, and by the end of the war 72-5 per cent. of all 
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LABOUR NOTES. 

THE following statement was issued last week by 
the Printing and Kindred Trades Federation :—‘‘ A 
conference of the executives of unions affiliated to the 
Printing and Kindred Trades Federation was held in 
London on July 18, under the chairmanship of the 
President (Mr. W. C. Warren), when consideration was 
given to the deadlock which has arisen in connection 
with the unions’ application to the British Federation 
of Master Printers and the Newspaper Society for a 
40-hour working week and a fortnight’s annual holiday 
with pay, exclusive of Bank Holidays. A report of 
the negotiations was submitted and a full explanation 
given of the efforts of the unions’ representatives to 
end the deadlock.” 


Continuing, the Federation says :—‘‘ After careful 
consideration of the situation, a resolution was unani- 
mously adopted recommending the unions to ballot 
their members on a proposal to tender notices to press 
the claim. It was also agreed that an instruction be 
given throughout the industry that on and from 
August 12, in no circumstances whatever, must over- 
time be worked beyond 45 hours for day workers and 


tions in newspaper offices. The unions are accordingly 
instructing their members to terminate all overtime 
from the date stated, and arrangements are being made 
for the ballot on strike action to be taken.” 








* These decisions,” it is added, ‘‘do not apply. to 
offices associated with the Newspaper Proprietors’ 
Association, the London Newspaper Provincial Asso- 
ciation, or the Scottish Daily Newspaper Society, with 
whom negotiations are still in progress.” 





Coal output in this country in June fell as a result 
of the Victory and Whitsun holidays. According to the 
Ministry of Fuel and Power, the average output for the 
five weeks ended June 29 was 3,394,300 tons a week— 
308,200 tons a week less than the May figure, which 
was the highest for some time. There was a slight 
increase in the number of wage-earners—699,400 ; this 
was 300 more than in May. Voluntary absenteeism 
was 7°78 per cent., compared with 7-40 per cent. in 
May and 6-22 per cent. a year ago. Output per man- 
shift worked was 2-75 tons at the coal face, against 
2-78 tons in May and 2-71 tons a year ago. 





The British coal industry’s outlook, as Mr. Shinwell 
described it in his contribution to last week’s debate 
at Westminster, is not, to say the least, encouraging. 








the rubber used was synthetic. 





At the beginning of the winter, the Minister said, the 
stock position would be 11,000,000 tons ; it ought to be 
16,000,000 tons for safety. If that gap of 5,000,000 
tons could not be bridged, he declared, industrial 
undertakings might come to a standstill. He expressed 
himself as hopeful that it could be bridged, although 
many of those who heard him were, obviously, less 
optimistic. 





Dealing with the suggestion that Polish labour 
might be employed in British mines, in order to increase 
the output of coal, the Minister said that he had dis- 
covered only 200 Polish miners who were willing to 
go into the mines. It was possible, he conceded, that 
up to 3,000 other Poles might be induced to train for 
the mines, but that would take time, and the training 
would have to be coupled with instruction in English. 
A London evening paper suggested that an alternative 
plan at which the Minister hinted was to make up the 
shortage of manpower by recruiting Irish labour. That 
also, of course, would involve training. The intro- 
duction of either Poles or Irishmen would not, however, 
be new procedure. Poles were employed many years 
ago during labour troubles in Scotland, and in “famine” 
years, there was a great influx of Irishmen into many 
of the coal areas of Scotland and England. 





Mr. Ness Edwards, Parliamentary Secretary to the 
Ministry of Labour and National Service, announced 
in the House of Commons last week that the Essential 
Work (Coalmining Industry) Order, 1942, would be 
revoked as from September 1, but that the Control of 
Engagement Orders, 1945 and 1946, would be amended 
to apply to men aged 18 to 50 in the industry. The 
effect would be, he said, that men would be free 
to leave employment at a particular colliery and 
employers be free to discharge miners. Such men 
could find work at other collieries, but men between 
the ages of 18 and 50 whose normal employment is in 
the coal-mining industry or whose unemployment books 
bore the industry letter S.A., would not be free to take 
employment outside the industry other than through 
a local office of the Ministry of Labour and National 
Service. Every effort would be made by the officers 
of the two departments concerned to overcome by 


424 hours for night workers, with consequential varia- | Civil 


wish to remain in the industry. It was hoped that it 
would be necessary to resort to compulsory measures 
only in very exceptional cases. 


A delegate conference of the Amalgamated Union 
of Building Trade Workers at Cambridge last week 
unanimously adopted a resolution empowering the 
executive to call for a meeting of the National Joint 
Council for the industry to open negotiations for a 
minimum wage of 3s. an hour for all workers and the 
elimination of all grades below “A.”’ It was also 
decided to urge the Ministry of Works to take away 
the licences of builders who advertised for employees to 
take jobs on piecework conditions, or on any other 
than the agreed conditions in the industry. 





Just over a week ago it was announced that four 
Civil Service unions had applied for re-affiliation to the 
Trades Union Congress. These were, the Civil Service 
Clerical Association, the Inland Revenue Staff Federa- 
tion, the Union of Post Office Workers, and the Post 
Office Engineering Union. The General Council, at its 
meeting on Wednesday last week, accepted all four 
applications, and, in addition, one by the Association of 
ivil Service Designers and Draughtsmen, which had 
not previously been associated with the Trades Union 
Congress. The General Council intend to call a con- 
ference of representatives of these unions to discuss the 
question of setting up a Civil Service group within the 
framework of the T.U.C. 





Delegates to the National Federation of Furniture 
Trade Unions decided, at a conference in London last 
week, to ask for a substantial advance in basic wage 
rates, and an increase in the number of holidays with 
pay from six to twelve days a year. Speakers agreed 
that the recent agreement with the employers repre- 
sented an important advance, but claimed that the 
cost of living had risen since it was negotiated. It was 
also decided to seek an advance in women’s wage rates 
to bring them up to 85 per cent. of men’s rates. 





According to The Ministry of Labour Gazette, the 
appointment of Labour Attachés in Buenos Aires and 
Rio de Janeiro in March brings the number of Labour 
Attachés in posts to ten. The first appointment was 
to the British Embassy in Washington in 1942, and the 
other appointments made have been to Paris, Rome, 
and Stockholm in 1944, and to Athens, Brussels, Cairo, 
and Helsinki in 1945. Other appointments are in 
contemplation. Labour Attachés are appointed by 











persuasive means the objections of men who did not 


the Foreign Office and the Ministry of Labour and 


| National Service acting jointly. They are subsequently 


responsible to the Heads of the Missions to which they 
are appointed, but there are close relations between 
the Attachés and the Overseas Department of the 
Ministry of Labour and National Service. 





The Labour Attachés have been largely drawn from 
staff of the Ministry of Labour having considerable 
experience in labour matters. Their functions vary 
with the Mission to which they are appointed, but 
they have as their main responsibility the supply of 
information to His Majesty’s Government on labour 
and industrial conditions in the country to which they 
are appointed. In addition, the Attachés may be 
called upon by Government departments, or other 
interested bodies, in the country in which they are 
‘working, to supply equivalent information about 
conditions obtaining in Great Britain. 





Under a Presidential Decree issued last year, the 
regular working time of railway employees in Costa Rica 
was fixed at 8 hours a day, 48 hours a week and 200 
hours a month. The working time of the personnel 
of passenger, freight, and special trains was set at 
240 hours a month, and working schedules were 
arranged in such a way as to provide for an interval of 
at least 9 consecutive hours between one working 
day ayd the next. Except in emergencies, no employee 
may be employed on the night shift more than three 
times a week. Time spent at the place of work after 
reporting for work, is to be considered as working time, 
irrespective of whether the employee is actually working. 
In emergencies, the working day may be prolonged, 
but the overtime must be paid at time and a half rates. 





Since September 9, 1945, the Review of the Inter- 
national Labour Office says, a basic 40-hour week has 
been in operation for employees of the Panama Canal 
Company and the Panama Railroad Company. The 
schedules provide, for the majority of the employees 
of these two organisations, five 7-hour days a week 
and 5 hours’ work on Saturdays. In departments where 
a 5-day week of 8 hours a day is worked, the workers 
are divided into two groups, one working from Monday 
to Friday and the other from Tuesday to Saturday. 
The groups alternate each week. 
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THE MERLIN 620 AERO ENGINE. 


THE reputation of the Merlin engine has been built 
up as @ result of its performance in military aircraft, 
but its adaptability for civil machines has necessarily 
always been kept in mind by its builders, Messrs. 
Rolls-Royce, Limited, Derby. Civilian flying must 
represent an important part of the future demand, and 
the engine early established its position in this field as 
the Merlin 102 was the first engine to complete success- 
fully the British Air nm Board’s newly 
formulated type-test requirements for civil aero-engines. 
Considerable civil-flying experience has been obtained, 
as since 1943 Trans-Canada Air Lines has been using 
Avro Lancasters and Lancastrians powered with Rolls- 
Royce Merlin engines. Over 700 trans-Atlantic 
crossings have been made and the service has been 
carried on consistently and reliably. 

Based on the war-time engine, the Merlin 620 has now 
been developed specifically for Canadian and trans- 
Atlantic operation, and is being fitted in the Canadian- 
built Douglas DC4M, which will be used on Trans- 
Canada Air Lines trans-Atlantic and trans-Continental 
services. The prototype machine made a successful 
first flight on July 15. The Merlin 620 was designed 
by Ro in close collaboration with Trans- 
Canada Air .  Trans-Atlantic weather 
conditions make it at ry 4 altitude essential and 
the power unite fitted must 
aircraft to at least 20,000 ft. 
by the Merlin 620, which in moderate-supercharger gear 
provides a maximum climbing power of 1,405 brake 
horse-power. Under cruising conditions, the rated 
power is 1,175 brake horse-power at 10,250 ft. in 
moderate-superc r gear and 1,165 brake horse- 
power at 23,750 ft. in full-supercharger gear. At 
25,000 ft., using a 7 Ib. boost, 1,000 brake horse-power 
is still available. 

In its main features the Merlin 620 follows earlier 
models which have been dealt with at various times in 
these columns, the most recent example being the 
description of Merlin 130 and 131 appearing in our issue 
of May 17, 1946, page 465. In the civil model external 
pipes and controls have been considerably reduced 
and fixed ignition is used; this eliminates rods to the 
two magnetos and decreases the control loadings by 
some 224 Ib. All the main structural joints, such as 
the crankcase upper and lower halves, the crankcase 
and reduction gear, the wheelcase and crankcase, have 
wider flanges and studs of larger diameter. Improved 
cooling of the combustion chambers has been attained 
by decreasing the thickness of the combustion-chamber 
roof. All engine-driven accessories have been removed 
to an accessory gearbox which is driven from the engine 
but is mounted on the airframe. This gearbox 
specifically developed for the DC4M, is of Rolls-Royce 
design and manufacture. It is carried on the bulkhead 
and provides drives for the air pump, generator, 
hydraulic pump ‘and cabin blower. The removal of 
the aircraft accessories to a separate gearbox has 
considerably improved the accessibility of the power 
plant, which, it is claimed, can now be removed in from 
15 to 30 minutes. The control mechanism for the radi- 
ator-cooling flap, carburettor air, supercharger speed con- 
trol, and slow-running cut-off, have been modified from 
normal British practice to work with electric actuators, 
which is standard American and Canadian practice. 

The engine is a 12-cylinder, poppet-valve, upright 
V, pressure liquid-cooled unit of 5-4 in. bore and 6 in. 
stroke. en ae ee 1, and the swe: 
volume 1,647 cub. in. The supercharger is of the 
two-speed two- type, the gear ratios being 5-79 
to 1, and 7-06 to 1. The propeller reduction-gear 
ratio is 0-471 to 1. Starting is by electric motor. The 
International Power Ratings are 1,430 brake horse- 
power in low gear at 10,575 ft. and 1,330 brake horse- 
power in high gear at 21,250 ft. The weight of the 
engine dry, is 1,747 lb. The take-off power with 
moderate supercharge is 1,740 brake horse-power at 
3,000 r.p.m.; cruising er with moderate super- 
charge at 2,650 r.p.m. is 1,175 brake horse-power at 
10,250 ft.; and with full su harge at 2,850 r.p.m., 
1,165 brake horse-power at 23,750 ft. The emergency 
power with moderate supercharge at 3,000 r.p.m. is 
1,795 brake horse-power at 4,500 ft., and with full 
supercharge at 3,000 r.p.m. is 1,650 brake horse-power 
at 16,750 ft., these emergency powers being with a 
boost of 20 Ib. per square inch. © maximum climb- 
ing and emergency cruising power, with 12 Ib. per square 
inch boost, are with moderate supercharge, 1,405 brake 
horse-power at 2,850 r.p.m. and 10,000 ft., and, with 
full supercharge, 1,340 brake horse-power at 2,850 
r.p.m. and 20,500 ft. 








REMOVAL OF CONTROL OF SUPPLIES REGULATIONS.— 
The Control of Supplies Regulations have been removed 
from automatic private teleph h syst . 
certain water-filtering equipment and plants, and other 
products. Correspondence on this subject should be 
addressed to the Engineering Industries Division, Ministry 
of Supply, Shell-Mex House, Strand, W.C.2. 





RESEARCHES ON INTERNAL- 
COMBUSTION PRIME MOVERS.* 
By Jamzs CanpERwoop, M.Sc. 
(Concluded from page 71.) 

Tests were first carried out on the power-gas process 
without a turbine, arrangement being made to exhaust 
against a back . The first test was. made 
on a 6 er crankshaft unit of 140 mm. bore. 
This was run at a rating corresponding to a b.m.e.p. 
of 18 kg. per square centimetre (255 lb. per square inch), 

ing to approximately three times the specific 
output of a norma! unsu) ed two-stroke engine. 
This was followed by tests on a single-cylinder free- 


piston power producer, built on a of the 
information i on the above-mentioned unit. 
The first free-pi unit had a combustion cylinder, 


250 mm. bore with a stroke of 2 by 550 mm. at full 
load (the stroke varies somewhat according to the 
load) which gave a ae production equivalent to 
an output of 475 brake horse-power at the turbine. 
The free-piston units ran at 280 cycles per minute. 
The power-gas supplied was at a pressure of 5 atmo- 
absolute at a temperature of 500 deg. C. 
on a turbine efficiency of 85 per cent., the 
results indicated that the fuel consumption was equi- 
valent to 172 gm. (0-38 lb.) per brake horse-power per 
hour. As a result of tests, it seemed advantageous to 
arrange for a certain amount of pre-tom: ion of the 
air before delivery to the compressor inlet of the free- 
piston unit. The revised cycle is shown in Fig. 7, on 
118, which illustrates the plant built with three 
iegiden compressors exhausting to the turbines. 
In this cycle, the balance condition, where the power 
cylinder, com r, and turbine all produce the 
same output, has been exceeded and the turbine output, 
and also the total compression power, are both in 
excess of the work done by the reciprocating unit; 
that is, the process is a step farther towards the 
turbine, the internal-combustion cylinder having os 
come of secondary im ce in the cycle. This 
modification of the cycle reduces the size and weight 
of the power-gas producer, and the pre-compressor 
the advantage that it increases the turbine inlet 
pressure. 

The next step was the construction of a free-piston 
power-gas producer, 400 mm. cylinder bore and 2 x 
610 mm. stroke, with a pre-compressor delivering air 
to the reci ting compressor inlet at 1-8 atmo- 
spheres absolute. This unit, at a speed of 350 cycles 
per minute, gave a power-gas output equivalent of 
over 2,000 h.p. at the turbine. Fig. 8, page 118, shows 
one of the working pistons of the free-piston com- 
pressor. As the result of satisfactory tests on this 
single unit, work was put in hand on a complete power- 
gas plant consisting of three similar units, e i 
to a power-gas turbine of over 6,000 h.p., and also to 
the pre-compressor turbine. This plant was completed 
some time ago, and the tests made on it have proved 
extremely useful in the general development scheme 
towards the true combustion turbine. Fig. 9, page 119, 
shows the three power-gas free-piston compressor, 


while Fig. 10, on the same , shows the turbine. 
While the power-gas cycle offers an efficiency closel: 
similar to that of the ordinary reciprocating letusnal- 


combustion engine, it still has the disadvantage that 
it incorporates a reciprocating unit. On the other 
hand, the true combustion turbine with high efficiency 
is approaching the stage of commercial development, 
and it would seem probable that the power-gas type of 
plant is more likely to be developed only for certain 
ee : : ; 
As shown previously, the size of the reciprocating 
unit has been progressively decreasing throughout this 
series of researches, whereas the part taken by the 
turbine and the rotary com 
increased. It is evident that the smallest, lightest, and 
most convenient arrangement is likely to be the true 
turbine. For this reason, the development of a com- 
bustion turbine without any reciprocating unit pro- 
ceeded in with the work which has already 
been described, the research on both lines being to a 
large extent inter-dependent. The combustion turbine 
can be arranged in many forms, but its efficiency is 
dependent, firstly, on the maximum temperature that 
can be allowed and, secondly, on the amount of réecupera- 
tion that can be obtained with reasonable-sized heat 
exchangers. Further, the shape of the efficiency curve 
with varying load is dependent on the arrangement 
of the cycle. Finally, the efficiency of any combustion 
turbine is largely dependent on the efficiency of the 
blading, changes in ing efficiency making a much 
greater change in overall thermal efficiency in the 
combustion turbine than thi 
This question of blading i refers also to the 
design of the rotary compressor. erable research 
and development had to be carried out on rotary 


* Paper presented at a meeting of the North-East 
Coast Institution of Engineers and Shipbuilders, held in 








Newcastle-on-Tyne, on April 5, 1946. Abridged. 
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compressors, both of the axial- and radial-flow types, 
in order to obtain highest available efficiency in the 


com’ unit. 
With these factors in mind, the various ble 
ts of the combustion a alee 

i the object being to obtain a - 

substantially better than is possible with . 
steam turbine without wagers a temperature o 
1,200 deg. F., which was thought likely to be the 
maximum for which material would be obtainable 
by the time the development work had reached the 
commercial stage ; to choose a cycle of operation which 
would give a reasonably flat efficiency curve at varying 
load under marine working conditions, where the tur- 


bine s must vary approximately as the cube 
root of the power; and to make the unit as compact 
as reasona 


possible, 

To fulfil the first and third requirements, it was 
necessary that heat interchangers should work with 
high gas pressure on both sides of the tubes to get a 
high eeeflicient of heat transfer, so obtaining efficient 
recuperation with a reasonable sized heater. To meet 
the first and second requirements, it was necessary 
that the quantity of air flow and the pressures should 
vary with varying loads, the maximum temperature 

ining substantially constant at varying loads. The 
cycle finally developed might be considered a natural 
outcome of the power-gas cycle, in that, while all the 
machines are rotary, it does in principle bear some 
considerable similarity to the power-gas cycle with 
reciprocating com: rs. The cycle is illustrated in 
Fig. 11, page 119, which shows the general working 
principle. The units (1) to (7) inclusive in the diagram 
are, in effect, a closed cycle ; (9) is a compressor adding 
air to the closed cycle, and (8) is the working turbine, 
drawing combustion gases from the closed cycle. 

The compressor (9) draws in a quantity of air, which 
at full power is the amount needed to generate the 
required output when, as combustion gas, it is expanded 
from 240 lb. pressure and 1,200 deg. F. down to atmos- 
pheric pressure. This air from compressor (9) is 
delivered into the system at a point where the exhaust 
air in the closed cycle is leaving the recuperator at 60 Ib. 
per square inch. The freshly added air and the 
exhaust air mixed are re-cooled in the cooler (7), com- 
pressed in the compressor (1) to 120 Ib. per square inch, 
re-cooled in the cooler (2), and finally compressed in the 
compressor (3) to 240 lb. per square inch. Seip | the 
compressor (3), they pass through the tubes of the 
recuperator (4), in which they are heated to the highest 
economically ticable extent by the exhaust from 
the turbine of the closed cycle. Leaving the recupera- 
tor, the gas divides into two streams. A part equal 
to the amount of air that has been added to the system 
is led to the burner, where a quantity of fuel suitable 
to the power output is burnt in it. After burning, 
it passes through the tubes of the heat exchanger (5). 
The remainder of the air passes round the outside of 
the tubes of the heat exchanger (5) and is raised to a 
temperature of 1,200 deg. F., at the same time cooling 
the combustion pcg from the burner to a similar 
temperature. The air in the closed part of the cycle, 
leaving the heat exchanger (5), goes to the turbine (6), 
which provides the power for driving the compressors, 
Exhausting from the turbine at 60 lb. per square inch 
the air is passed.through the recuperator, where it 
again joins the incoming air from the sap. r 
(9). The combustion products from the heat exc r 
(5), at a pressure of 240 lb. per square inch and a 
tem ture of 1,200 deg. F., are expanded in the 
as turbine (8) to atmospheric pressure. It should 
be noted that, in the recuperator (4), the pressure on 
one side of the tubes is 240 Ib. per square inch and on 
the other side of the tubes 60 Ib. per square inch, while 
in the heater (5) the pressure both inside and outside 
the tubes is 240 Ib. per square inch. All the pressures 
mentioned are at the full normal output. 

The cycle illustrated would automatically vary in 
pressure in the closed circuit with varying quantities 
of fuel, so maintaining a sybstantially constant tem- 
perature while affording protection against excessive 
temperatures. This inherent regulation, however, is 
not sufficient to ensure the best working result at all 
loads and under all conditions of running. The control 

adopted automatically ensures that the relation 
Cee quantity and cycle pressure maintains a 
constant maximum temperature without danger of 
excessive temperatures over a wide range of load, but 
allows of reduced maximum temperatures when 
manceuvring. It will be appreciated that this cycle is 
particularly suitable for marine work, the na drop 
in pressure with reduced load corresponding to the 
required drop in revolution speed, so that the maximum 
ible efficiency is obtained at reduced loads. It is 
expected that the characteristic of the fuel consump- 
tion/load curve will be similar to that of a reciprocating 
heavy-oil engine. A further important point is that 
the parts subject to the highest temperature, namely, 
the tubes of the heat exchanger (5), are under practi- 
cally no stress, pressure on both sides of the tube 





being equal. 
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The combustion turbine is essentially a non-reversible 
machine and marine steam turbine practice of using a 
separate reversing turbine will not be satisfactory due 
to the difficulty of producing a vacuum in the astern 
turbine casing when running ahead or in the ahead 
turbine casing when running astern. Some other 
means of reversing must be adopted, therefore, and 
at the moment the only system well tried in service is 
the alternating-current electric drive. Reversing gears 
and variable-pitch propellers have also been con- 
sidered, but, while both show promise for the future, 
neither has yet shown itself as a practical method of 
reversing for the high powers for which the combustion 
turbine is essentially best suited. 

On the score of mechanical design, the turbines and 
compressors in themselves present no difficulty; in 
fact, the necessary experience has been gained largely 
on the units used for the developments with the super- 
charged reciprocating engines and with the power-gas 
process. The main research here had to be on materials 
to withstand the high temperatures and on the aero- 
dynamic efficiency of blading for'the turbine and for 
the compressors. This was largely a matter of labora- 
tory research. On the practical side, it was felt better 
that the various units should be built and tested 
separately, so that they could be combined eventually 
into a complete power unit. In this respect, of course, 
the combustion turbine is somewhat analogous to a 
steam turbine, and, in the particular cycle chosen, the 
combustion chamber and heat exchanger (5) are analo- 
gous to the boiler, recuperator (4) together with the 
coolers (2) and (7) take the place of the feed heater and 
condenser of a steam plant, and the turbine and 
com or replace the steam turbine, although the 
combustion turbine is divided into separate units of 
power turbine and compressor turbine. For starting-up 
the plant, the compressor is first driven up to a moderate 
speed by an electric motor (10) on the diagram, Fig. 11. 
The combined unit working on the semi-closed cycle has 
not yet been tested as a complete plant, but a test 
turbine and its combustion chamber are shown in 
Fig. 12, opposite; Fig. 13 shows the rotor of this 
turbine and Fig. 14 illustrates a section of the blading 
after the turbine had been in service. 

Not the least important of the combustion- 
turbine research was the work done in the aerodynamic 
and metallurgical and material-testing laboratories. A 
particularly interesting theory of flow through blade 
grids was developed by Dr. W. Traupel in conjunction 
with the laboratory work on aerodynamics.* The 
work in the aerodynamics laboratory was mainly con- 
centrated on the blade shapes, and the flow through 
blade grids of turbines and rotary blowers. The flow 
thro blade grids and round blades was studied in 
a small tank, about 10 m. long, the model being towed 





* An article on this theory appeared in the Sulzer 
Technical Review (Swiss edition, No. 1, 1945) and was 
included as an appendix to Mr. Calderwood’s paper.— 
Ep., E. 








like a ship model and the flow 
being examined by coloured pow- 
der spread on the water. In some 
of the tests, the model was station- 
ary and the water was pumped past 
it, this being more convenient for 
certain observations, Further tests on flow of gases past 
blade grids were carried out in a wind tunnel, it being 
found that, while the fluid follows the same form of 
streamline whether water or air is used, certain obser- 
vations could best be made in water and others in air. 
In the aerodynamics laboratory, complete single-stage 
turbines and blowers developed from the flow experi- 
ments were also tested, working with pressure air, 
their efficiency being determined by a brake measure- 
ment of power output or input. The blades of these 
single-stage test turbines were made of wood and 
manufactured in a special copying-milling machine 
developed. for the purpose. By this detailed investi- 
gation of blade shape and distribution, it was possible 
to make substantial improvements in turbine and 
compressor efficiency. This, for the combustion turbine, 
is a matter of primary importance, as 1 per cent. 
increase of the turbine and compressor efficiency gives 
about 3 per cent. increased thermal efficiency to the 
complete combustion-turbine plant, and a corre- 
sponding reduction in the size and cost of the plant 
for a given output. 

As mentioned, one of the main problems of the 
combustion turbine is that of suitable material for 
blades and rotors, the lowest temperature at which 
the combustion turbine shows to advantage in efficiency 
being about 1,200 deg. F. There is some pressure and 
temperature drop before the gases come into contact 
with the first row of blades and with the rotor body, 
but, on the other hand, if the designed working tem- 
perature is 1,200 deg. F. some margin must be allowed 
above this figure. A material must be found, therefore, 
which will withstand the stresses arising in the rotor 
and blades at a temperature of at least 1,200 deg. F. 
and for a period of at least 100,000 hours. It must 
also be possible to forge the material in the sizes and 
shapes required for these parts. As the working 
temperature is approaching the normal forging tem- 
peratures of steel, this latter requirement is the more 
difficult to meet. 

Much research work has been done on “ creep” and 
many papers published on thé subject, but in general 
such work has related to relatively short-term testa, 
even 1,000 hours being exceptional. It is generally 
assumed that creep will continue at the same rate as 
on @ short-term test, so that all that is required is that 
the rate of creep at the working temperature should 
be such that the total creep in the life of the job will 
not exceed certain definite limits. There is, however, 
another characteristic of long-time loading, namely, 
that, ing on the length of time the load is 
applied, the strength of the material decreases. 
particular difficulty is that, when steel is subject to load 
at high temperature for a long period, it will eventually 
break without the necking that occurs in the usual 
tensile test to destruction. Until recently, it was 
common practice to determine the safe load for steel 
at high temperature by a rupture test, similar to that 
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normally made at room temperature. Such a test is, 
however, of little value at high temperatures when the 
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Fie. 8. Piston oF Free-Piston COMPRESSOR. 


time factor enters the problem, and steel may fracture 
after a number of hours of loading at a stress far below 
that which will be required for fracture in the few 
seconds needed for the normal tensile test. Certain 
steels—for example, artificially aged mild steel—show 
this same property at normal temperatures. A 
thorough examination of this subject in the laboratory 
was required if there was to be any hope of finding a 
means of predicting, after tests of reasonable length, 
the behaviour of steel, or other materials, when 
stressed at high temperatures throughout the life of a 
marine turbine. 

The complete investigation, made by Dr. W. Sieg- 
fried, was published in the Sulzer Technical Review, 
No. 1, 1943, and No, 1, 1945. A brief summary of this 
research may, however, be of interest. It is now well 
established that steels subject to protracted loading at 
high temperature suffer from a form of embrittlement. 
At these temperatures, occur phenomena which cannot 
be forecast from the knowledge of “ yield” at room 
temperature. It is often assumed that stress concen- 
trations resulting from notches are not dangerous at 
high temperatures, as they are reduced by the process 
of creep. Investigation has shown that, after loading 
at high temperature for a period of several months, 
brittle inter-crystalline fractures occur and there is a 
rapid drop in the strength of the notched bar, probably 
caused by the same internal process as gives rise to the 
inter-crystalline fractures which occur in both smooth 
and notched bars. It is known that similar phenomena 
occur with non-ferrous metals and, in particular, that 
an alloy of 94 per cent. tin and 6 per cent. cadmium 
shows, under load at room temperature, exactly the 
same phenomena as do steels at high temperature. 

The mechanics of this process of embrittlement was 
studied at length on these tin-cadmium alloys, as this 
enabled the investigation to be made with small loads 
and without heating apparatus. The alloy was tested 
both in the cold-drawn state and in the heat-treated 
condition. Sustained rupture-load tests were made 
with smooth and notched bars, the latter with various 
notch forms. A first series of tests established the 
relationship between the elongation of smooth bars 
and the embrittlement of notched bars. In a second 
series of tests, sustained rupture-load tests were carried 
out with 12 different forms of notch to establish the 
relation between notch form and embrittlement. 
Subsequently, tests were carried out on steels. A 
complete series of tests was made on two austenitic 
steels, namely: 30 per cent. Ni, 15 per cent. Cr, and 
12 per cent. Ni, 15 per cent. Cr, at a temperature of 
1,200 deg. F. With both steels, two different heat 
treatments were tried. One heat treatment gave 
segregated structural constituents in supersaturated 
solution, the other. consisted of a special method of 
annealing to secure a stabilised structure. Sustained 
load-rupture tests were carried out on smooth and 


A} notched bars, and it was found that these tests on 


smooth bars can thrown considerable light on the 
embrittlement properties of the material. 

As a result, the conclusion was reached that the 
admissible sustained-load stress on constructional 
materials can only be determined after sustained-load 
tests of several thousand hours’ duration. On the 
other hand, qualitative data on the behaviour of steels 
at high temperatures can be obtained by sustained 
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load-rupture tests of short 
duration on smooth bars, 
in which the reduction 
in area and the elonga- 
tion are measured in the 
same way as in the nor- 
mal short-time tensile 
test. The proportional 
elongation and the neck 
elongation are then cal- 
culated, and the ratio 
of local to proportional 
elongation provides a 
standard for the cohesion 
of the steel under. tests. 
This test, however, is 
only of value when the 
structure of| the steel is 
stable, and this stability 
of structure must also be 
determined before these 





tests are accepted as a guide to the suitability of 
any particular steel. 

It was evident that the further development of the 
combustion turbine was largely dependent on the 
facilities available for creep and sustained-load rupture 
tests, and it was decided to develop a machine in which 
a large number of specimens could be tested simul- 
taneously. The first machine of this type, now in 
operation, accommodates 100 specimens. The load 
applied can be adjusted between a few pounds and 
several tons by means of a handwheel on the control 
table. The period during which the load is applied is 
continuously recorded. An optical measuring device 
is fitted to determine the elongation of each specimen 
without removing it from the machine, and any speci- 
men can be removed or a new test piece put in place 
without interruption of the other tests. It is hoped 
that, with this machine, the work on sustained-load 
fractures can be extended to cover a wide variety 
of steels and that improvements in steel will ‘find 
their way fully tested into the construction of the 
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- orga turbine in the shortest possible period 
of time. 

This laboratory work, in conjunction with the full- 
scale tests on combustion turbines and various 
parts of tho equipment required for the cycle shown 
in Fig. 11, has brows ~ the development to the stage 
where it can be reliabl icted that, on the combined 
plant, the efficiency wil fall within the limits expected | where 
on theoretical grounds. Further, it is reasonably 
certain that a steel can be obtained suitable for ps oh 
and blades ing continuously at 1,200 deg. F., 
or possibly higher, It is hoped that an opportunity 
may be available before long to try this turbine in 
regular marife service, as it is realised that only 
service in & ship at sea can finally prove its suitability 


for marine use. In the meantime, work is proceeding | 4 


on the construction of a comparatively large com- 
Negilen turbine, complete with its necessary equipment, 
and it is hoped that This will be ready for tests within 


a 

F tentatie the work that has been done: (1) It 
has been shown that very high rates of 
can be carried with safety on two-stroke engines 
coupled to exhaust-gas turbines, and, as a result, 
prime movers of very compact size and low weight 
have been devel These should, after service 
tests, provide a reliable and economic power unit for 
moderate powers, that is, 1,500 to 5,000 brake horse- 
power. (2) The power-gas with free-piston 
power-gas generator and with the exhaust turbine 
developing the useful work has been thoroughly tried 
out with very good results. It has not been found 
to have such marked advantages as to be likely to hold 
its own in competition with the combustion turbine, 
in view of the rapid development and future promise 
of the latter. The -gas turbine is, therefore, a 
type of Pm only likely to come into use to a limited 
extent, for any special rcpplioation for which its charac- 
teristics wre ate suited. (3) A combustion turbine 
has been developed with a cycle wap eg! suited to 
marine requirements and offering the immediate 
possibility of an efficiency of at least 32 per cent. (0-45 
Ib. of oil per brake horse-power per hour) combined 
with a very flat /load characteristic curve. 
This turbine is pri suited for powers of 6,000 
brake horse-power or higher on each shaft, and so can 
be considered as com mtary to, rather than com- 
peting with, the highly pressure-charged two-stroke 

e. 

t is not suggested that these new developments can 
be applied immediately and uni ly for marine 
propulsion. Although all have been well tested on the 
test bed and where necessary in the laboratory, it is 
fully realised that they cannot be generally adopted 
until they have been tried out in actual marine service. 
While these developments hold for the 
future, it must be some years before they can be widely 
wae ee ee eee 





ANNUALS AND REFERENCE BOOKS. 


Directory of Shi Shipbuilders and Marine 
Engineers, 1946.—The fulexetion of the wore restric- 


tions which, for six years, have prevented this useful pub- 
lication from recording war-time changes in the British 
merchant fleet, _ involved heavy vy nee 
inevitable y, in preparing the present (44th) 
<dilkce Sie-eene; Se Niet tho vetoes Gowen: 
ment and other tions connected with shipping, 
since the termination of active hostilities, have added 
to the burden of Be eeae a Rare 9 Ha. ed of the 
Directory, however, probably count t yy worth 
eee ne ee ee 
now “been brought p-to-date. A minor 
change in the make-up is t placing of particulate of 
classification societies, etc., after the lists of owners and 
builders ; but the usual features are all included and— 
a point which deserves favourable comment—the price 
is still at the old figure of 20s. net. The Directory is 
compile under the direction of the Editor of the 
Shipbuilding and Shipping Record and is published by 
the Directory Publishing Company, Limited, 33, 
Tothill-street, Westminster, 8.W.1. 





ALL-STEEL Raltway WacGons.—In a written answer to 
a question in the House of Commons on Tuesday, July 23, 
the Minister of Transport (the Rt. Hon. A. Barnes, M.P.) 
said the design of the new 16-ton all-steel mineral wagon 
was prepared by the railway companies for the constrne- 
tion of their own wagons, and was adopted as being the 
most suitable for general use throughout the country. 
The cost of production was determined largely by the 
methods of construction employed and he would not 
accept the suggestion that the specification involved 
an unnecessary cost of upwards of 15l. per wagon. He 
understood that discussions were taking place with the 
private builders as to whether any modifications in design 
should be made when further orders were: placed. 
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PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE AOTS OF 1907 TO 1939. 
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AERONAUTICS. 


576,649. Aijroraft Tractor. Blackburn Aircraft, 
Limited, of Brough, and G. E. Petty, of Brough. (2 Figs.) 
April 19, 1944.—The tractor, which is small and can be 
used close to aircraft without danger of fire, is parti- 
cularly suitable for use on aircraft carriers both above 
and below decks. The vehicle is supported on four 
rubber-tyred wheels 1, driven by electric motors through 
reduction and differential gearing. The wheels are 
independently sprung and the side frame of the vehicle 
partly covers them. Between the axles is a battery 
supplying current to the motors, to which access is 
obtained by a hinged cover plate 5. On the cover plate 


in the centre of the vehicle is a pin 8, to which a towing 
arm is attached. The pin is carried by a fork 9 held in 
a shock absorber 11. 


A tiller arm 12 can move vertically 





to alter the position of an electrical contactor governing 
the speed of the electric motors, and horizontally to 
steer the vehicle. The towing arm consists of a pair of 
rigid arms 15 with hooks 15' hinged to a quick-release 
coupling 16 of the self-closing type, which locks on to the 
pin 8. When not in use, the towing arm is supported on 
a crutch with the quick-release coupling engaged on a 
pin 19. The vehicle will pass readily under the nose of 
an aircraft clear of its propeller. The operator controls 
the speed and direction of the vehicle by the tiller arm. 
The vehicle weighs 2 tons and has a range of speed up 
te 5 miles an hour. The electric motors and all electrical 
gear are enclosed and flameproofed to avoid fire risk, and 
the cover plate prevents moisture or petrol from falling 
on to the battery. In order that the vehicle may be left 
in position connected to a parked aircraft ready for 
further use, without projecting beyond the aircraft, the 
tiller 12 can be removed from its socket. (Accepted 
April 12, 1946.) 


INTERNAL-COMBUSTION ENGINES. 


875,146. Fuel-Injection Pump. Leyland Motors, 
Limited, of Kingston-on-Thames, and G. J. Waring, of 
Leyland. (2 Figs.) February 25, 1944.—The pump is 
for use on engines of the solid-injection type, which are 
governed by variation of the output of the pump. A 
rack controls the pump and is operated, under idling 
conditions, by a spring opposed by a diaphragm subject 
to the suction in the induction pipe. There is always a 
delay in the response of the pump-contro] rack to a 
change in pressure and further delay between shift of 
the rack and response of the engine speed to the changed 
injection. For this reason, the control is set to over- 
compensate any change of speed, and the engine speed 
can swing widely to each side of the steady idling speed. 
The present design of pump aims at eliminating this 
speed swing. The diaphragm 1 is connected to the rack 2 
and forms one wall of a suction chamber 4 connected 
to the induction pipe. The difference of pressure on the 
two sides of the diaphragm is opposed by a spring 8. 
In the end wall of the chamber, opposite the diaphragm. 
is a leak-control valve having a restricted opening 
atmosphere. The valve is adjusted while the engine 
is running light until the idling speed is steady, and 
then locked. At this idling speed, the diaphragm 
practically touching the stem of the valve 9. If, during 
idling the engine speed rises, the increased suction in the 
chamber moves the rack 2 to reduce the fuel supply; 
but the valve 9 immediately opens and the suction is 
reduced, thus limiting the decrease in oil injection to a 
trifling amount long before the effect of the decrease 
becomes apparent in reduced engine speed. Thus, under 


oe 





the point at which it encounters the stem of the valve, 
When it is necessary to reduce the engine speed from a 
working speed, the opening of the valve 9, though it 
reduces the suction in the chamber 4, does not bring the 
interior of the chamber to atmospheric pressure, nor 
balance the pressure of the spring 8 at the point when 
the diaphragm first touches the valve stem. Since the 
fast-running engine is taking a considerable quantity of 
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air, the little that leaks in through the valve 9 is negligible : 
so the diaphragm 1 can move past its idling position, 
cutting down the fuel supply, if desired, to zero, in 
order that the engine speed may be rapidly reduced. At 
low engine speeds, the leak through the valve has a 
greater influence. There is a fairly wide tolerance in the 
size of the leak ; it is designed to be highly effective at 
idling speeds and of relatively small effect at normal 
running speeds. (Sealed.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


576,141. Pipe- Holding Vice. G. A. Steele, of Chiswick. 
(7 Figs.) March 6, 1944.—The vice is of the type in 
which a pipe is held by upper and lower toothed clamping 
jaws drawn together by a pair of bolts on each side of the 
pipe, and pivoted to the frame so that they may be swung 
outwards away from the pipe. Between two frames 4 
secured to a working bench a lower jaw 7 is secured 
by two bolts. Two clamping bolts 9 and 9a, are pivoted, 
one at each side of the lower jaw. The latter has a 
central V-shaped notch with teeth on each wall, inclined 
upwardly and outwardly. On the bolt 9 is pivoted 
a U-sliaped upper clamping jaw with two parallel arms, 
which enclose the other bolt 9a. The bolt 9 is in the 
bend of the U, and two lugs on the arms prevent the 
upper jaw from sliding off the bolt. The lower edges 
of the arms have teeth to bite into the pipe 11 when 
this rotates clockwise. The upper jaw is held in position 
by a milled nut 16 on the bolt 9. On the other bolt 9a, 
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is loosely pivoted a locking member 17 of channel section. 
The lower edges of this member are level with the lower 
edges of the arms of the upper jaw when the web of the 
member is on the upper edges of the arms. The lower 
edges. of the member have teeth to bite into the pipe 11, 
when this rotates anti-clockwise. The pipe is clamped 
by a sleeve nut 19 on the bolt 9a turned by a tommy 
bar. In operation, the pipe is laid in the notch of the 
lower jaw, the bolt 9 is raised vertically, the upper jaw 
is swung over the pipe and the nut 16 is tightened witb 
the fingers until the upper jaw, resting on the pipe, is 
horizontal. The bolt 9a is swung up to pass between the 
ends of the arms of the upper jaw, the locking member 17 
is engaged over these arms and the sleeve nut is tightened 
by the tommy bar. Any tendency of the pipe to rotate 
as it is being worked upon is resisted by the various sets 
of teeth. To release the pipe, the sleeve nut 19 isslackened, 
and the bolt 9a swings out to draw the locking member 17 
off the arms of the upper jaw, whereupon the pipe may 
be pulled forwards to cause the upper jaw to pivot 
about the bolt 9. When the lower jaw 7 becomes badly 
worn, it may be removed and replaced by a new jaw. 





idling conditions, the diaphragm can hardly move beyond 





(Accepted March 20, 1946.) 
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ELECTRIC RESISTANCE | 
WIRE STRAIN GAUGES. | 


Tne inherent strength properties of engineering 
materials are useful to the designer only in so far as 
he is able to calculate, or otherwise to deduce, the 
stresses to which a component of a machine or struc- 
ture is subject in service. This procedure commonly 
encounters two major difficulties. One is that the 
shape of the component may be mathematically 
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is noteworthy. Since that date a number of useful 
advances in resistance gauge technology have been 
made, many of which are briefly described in the 
present article, which is based partly on a leaflet 
(No. NS2) issued by the British Thermostat 
Company, Limited, who are the makers of “ Ted- 
dington”’ strain gauges, but mainly on two 
| scientific papers* published a short while ago. 
The basic principle of the wire resistance strain 
gauge is the attachment to the surface under 
investigation of a length of wire, so that the wire 





intractable, or affected by unknown stress-concen- 
trating features; the other that the forces im- 
posed on the component in use are hardly ever 
known or discoverable with adequate accuracy, 
and may be quite impossible to foresee. As a 
consequence, orthodox design has had largely to 
feel its way empirically, and to achieve reliability 
at the expense of large factors of safety and extrava- 
gant local use of material. Increasing recognition 
of the need for precise design as a means of weight 
economy has now extended beyond the aircraft | 
industry and given additional impetus during | 


suffers the same changes of length as the test surface. 
The associated changes in the electrical resistance 
of the wire serve to measure the surface strains 
under investigation. As a rule the wire must be 
electrically insulated from the surface, and the usual 
method of attachment is by a waterproof plastic 
cement. In order that the adhesive strength may 
be great enough to stretch the gauge wire, the latter 
must possess a high value of the factor: circum- 
ference /cross section, i.¢., 2/radius. Usually, there- 
fore, the wire is only about 0-001 in. in diameter 
and is cemented between two layers of thin paper 





Fig.1. 
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recent years to the development of a number of 
new methods of measuring strain, especially by 
instruments that can be used within wide limitations 
on machines in actual use. From the standpoint 
of design, a most valuable advantage of determining 
service strains thus directly, is that of short-circuiting 
the troublesome intermediate step of measuring 
service forces, from which to compute the proper 
size of a component on the basis of the inherent 
strength of the material of which it is made. 

Of the various devices that have been invented 
during the past ten years to meet these require- 
ments, the wire resistance strain gauge probably 
has the widest field of applications, and has been 
the subject of the most extensive research both in 
the United States of America, where it originated, as 
well as, latterly, in this country. For the most part, 
however, experience in the use of these gauges has 
been gained hitherto in connection with war-time 
problems, and published information on the subject 
is restricted to a few short papers, among which 
that contributed by Dr. F. Aughtie,* of the National 
Physical Laboratory, to a symposium organised 
by the Institution of Mechanical Engineers in 1944, 


* “Modern Aids in the Investigation of Materials, 
Mechanisms and Structures.” Proc. I. Mech. E., vol. 152, 
page 213 (1945). 
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80 that it can be handled. Leads are taken off each 
end of the gauge wire and connected, through an 
appropriate electrical circuit, to a galvanometer or 
other indicator. 

The foregoing summary of essential features 
shows that the device satisfies many of the requisites 
of the ideal strain gauge. Its inertia is negligible, 
it is small enough to be introduced into relatively 
inaccessible places, it can be attached directly to a 
surface—which is where maximum stresses com- 
monly occur and fatigue flaws usually originate—and 
so closely that no correction is necessary to allow 
for the gauge being farther from the neutral axis 
than the surface, it can be applied to curved 
surfaces, it is cheap enough for use in quantity, 
and it lends itself admirably to remote electrical 
recording of either static or dynamic strains over 
a wide range of frequency. Most of the disadvan- 
tages and limitations of the gauges are mentioned 
below in connection with the precautions that have 
been devised to overcome or minimise them. For 
the moment it suffices to emphasise that successful 
results with electrical resistance strain gauges 
depend to a large extent on satisfactory methods of 
making and using them. 








* “Electric Resistance Wire Strain Gauges, with 
Particular Reference to Possible Errors in Their Use for 
Static and Dynamic Measurements,” by F. Aughtie, Ph.D., 
Trans. Inst. Marine Engrs., vol. 58, No. 2, March 12, 
1946 ; and “ The Electrical Measurement of Strain,” by 
8. ©. Redshaw, M.Sc., Ph.D., Jl. Royal Aero. Soc., 
March 28, 1946. 
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The choice of material for the wire is governed 
by several factors, of which the most fundamental 
is the ratio of variation of electric resistance to 
strain, which should obviously be large so as to 
increase the accuracy of strain measurement, and 
which depends simultaneously on the strain in the 
length of the wire, on the reduction of cross section 
(governed by Poisson’s ratio), and on the effect of 
these dimensional changes on the inherent resistivity 
of the wire. Apart from the last of these three, 
the sensitivity factor would be 1-6 on the assump- 
tion of the value 0-3 for Poisson’s ratio, but in 
fact sensitivity factors as low as — 12-1 for nickel 
wire, and as high as +5-1 for 5 per cent. iridium- 
platinum, have been measured. Other necessary 
properties of the wire, which include resistivity, 
thermal coefficient of resistance, and ease of gauge 
fabrication, restrict the choice of material largely 
to cupro-nickel alloys of the Constantan type, or 
nickel-chrome alloys such as Nichrome, for which the 
gauge sensitivity factors range from about 2-0 to 
2:3. 

In some applications, the gauge may consist of a 
single length of wire, but as a rule accuracy and 
sensitivity demand a total length of wire many 
times the desired gauge length, which is about | in. 
for general purposes but may be less than 0-1 in. 
The wire is accordingly formed, by one of several 
methods, into a flat grid which should be as narrow 
as possible in order to minimise the effects of 
transverse strain. The pitch of the winding can be 
made very slight by the use of enamelled wire, 
but bare wire is usually employed, insulated by 
the adhesive with which it is sandwiched between 
the paper layers. The total length of wire in one 
gauge varies according to the size and purpose, and 
the wire diameter lies between 0-0005 in. and 0-0015 
in. The corresponding resistance may be from 50 
to 20,000 ohms, the higher resistances being used 
| for cyclic strains while resistances of the order 
| 1,000 ohms to 2,500 ohms are considered more 
| suitable for static work. The “terminals ”’ of the 
| gauge are two short lengths of flat strip, about 
| 0-0025 in. thick and 0-025 in. wide, to which the 
| ends of the fine gauge-wire are carefully soldered or, 
| preferably, welded. Nichrome is a suitable material 
|for the strip terminals, and part of their length 
adjoining the wire is also cemented between the 
| paper to make the whole gauge robust enough to be 
| handled. Fig. 1 illustrates the winding of a typical 
| gauge manufactured by the British Thermostat 
|Company, Limited, for use when the direction of 
|the strain to be measured is known. When the 
| strain direction is not known, the magnitude and 
| direction of the principal strains can be computed 
|from simultaneous readings taken on multiple 
gauges comprising either two gauges placed across 
one another as in Fig. 2, or three gauges arranged 
with an angle of 120 deg. between them in the form 
of a delta, or rosette, as shown by Fig. 3. 

A point of some interest is that the length of the 
grid comprising the essential element of a resistance 
strain gauge does not correspond to the “ gauge 
|length”’ of a mechanical extensometer. In the 
|latter case the measured elongation depends on, 
|and within limits is proportional to, the gauge 
j|length; whereas the resistance gauge measures 
directly the average strain over its whole length. 
Reduction of length therefore offers the advantage 
of localising the strain determined, with no compen- 
sating disadvantage of reduced sensitivity due to 
the smaller gauging length. Experience has shown, 
also, that if the resistance gauge is properly affixed 
to the surface under investigation, the wire is so 
well supported laterally that it will contract if the 
surface contracts according to precisely the same 
laws as those governing its elongation if the surface 
extends. Thus the wire resistance gauge will 
measure positive and negative strains equally well, 
and its performance does not appear to be limited 
by the circumstance that the yield strain of the wire 
must in general differ from, and perhaps be less 
than, that of the material under test. 

These features imply the fundamental importance 
of the adhesion of the gauge to the surface, and em- 
phasise the need for the utmost care in the choice 
of cement and the method of using it. The outcome 
of a great deal of research is that a good quality 
celluloid cement is the most useful ‘‘ general pur- 
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pose’ adhesive, although other adhesives which 
dry by evaporation of a solvent, cements which 
harden by chemical action, and thermosetting plastic 
cements which harden at higher than room tempera- 
tures, all have special spheres of utility. The test 
surface can, usually with advantage, be prepared 
for the reception of the gauge by being smoothed 
(though not polished), cleaned and degreased, and 
given a pre-coat of the cement. The British 
Thermostat Company have developed a range of 
“* self-adhesive” gauges, of which the treated side 
is moistened with acetone, quickly stuck into place, 
and left to dry for about a day. The same range of 
gauges is available in resin-treated form, for tests 
at moderately high temperatures. They should be 
applied to the test surface under pressure and main- 
tained at 135 deg. C. for two hours before use. The 
electrical insulation of the gauge, by means of what- 
ever cement is employed, is of primary importance, 
since leakage to and along the test surface will 
invalidate the gauge indications. Precautions are 
therefore essential, not merely to keep the gauge 
dry, but also to prevent absorption of moisture by 
the cement. Among many protective coatings, a 
solution of polythene in xylene, applied to the 
terminals and exposed lead-junctions, as well as 
over the gauge itself, is highly recommended, 
though waterproof varnish, wax or Vaseline has 
been used with success. 

It follows, from the nature of the attachment, that 
wire resistance strain gauges cannot be transferred 
from one surface to another and therefore, as a rule, 
cannot be calibrated for use. Exceptions occur 
if a thermo-plastic, such as good-quality sealing 
wax, can be employed as a cement, or if the gauge is 
a permanent item in a device, such as a “ weigh- 
bar,” where strain serves as a measure of applied 
force and the completed apparatus is calibrated 
by direct loading. In general strain-gauge tech- 
nology, however, calibrations are conducted on a 
few random samples drawn from a considerable 
batch of nominally identical gauges, and the average 
value of sensitivity factor so determined is applied 
to the remainder. The calibration factor supplied 
by a reputable maker can be relied upon within 
1 or 2 per cent., or alternatively, can be determined 
by deflecting a fairly deep steel beam by 4-point 
loading. The gauges under examination are 
cemented to the upper and lower faces of the beam, 
and straddled by a precise extensometer or sphero- 
meter with which the applied strain is directly 
determined. 

An important defect of the wire resistance gauge 
arises from the thermal coefficient of resistivity 
of the wire, combined with the fact that it is rarely 
possible to make tests at precisely constant tem- 
perature. Alloys with low coefficients are unsuitable 
in other respects as strain gauge wires, and in any 
case temperature change will cause a spurious strain 
of the gauge wire unless the wire and the surface to 
which it is attached both have the same linear 
coefficient of thermal expansion. The general 
solution of the problem is to use a compensating 
gauge, identical with that in main use, fixed to a 
mass of the same material as that of the test surface, 
the whole being kept at closely the same tempera- 


to different temperatures on its two sides. To 
minimise the effects of ordinary ambient temperature 
fluctuations, some makes of gauges incorporate a pad 
of felt on the outer side, but it may be remarked 
that the temperature of the active gauge is influenced 
by self-heating due to the current passing through 
it, as well as by that of the surrounding atmosphere. 
It is a good principle, therefore, to make the 
compensating gauge also an active gauge whenever 
possible, the electrical circuit being designed so 
that the undesired temperature effects balance out 
while the desired strain effects are additive. In 
certain applications this is facilitated by the fact 
that a Wheatstone bridge circuit is almost invariably 
used for static-strain measurements. Practical 
engineering strains are usually less than 0-0025 
(corresponding to a stress of about 33 tons per 
square inch in steel); and since the sensitivity 
factor of the strain gauge is about two, the resistance 
change in the gauge must be measured to within 
5 parts in 10° to yield an accuracy of 1 per cent. 
A convenient bridge circuit for this purpose, 
described in Dr. Aughtie’s paper (loc. cit.), is repro- 
duced diagrammatically in Fig. 4, page 121, where 
M and C are the main and compensating gauges, 
respectively, while the resistances P and Q in the 
opposite arms are joined by a slide-wire, the slider on 
which is connected through the galvanometer to the 
junction between the two gauges. The slide-wire can 
be calibrated directly in terms of the ratio P/Q, but 
the arrangement compensates only approximately 
for temperature unless the setting of the auxiliary 
slide wire N-D is such as to have no effect on the 
initial balance. The practical advantage of the 
auxiliary slide wire is that it permits initial balance 
of the bridge with the main slider at a convenient 
position along the slide wire between P and Q, thus 
enabling any number of pairs of main and compen- 
sating gauges, each with an auxiliary slide wire, to be 
incorporated in parallel between the points A and B 
of the bridge. Another good feature of this circuit 
is that the only movable or adjustable contacts are 
those in series with the galvanometer, so that no 
error in balancing the bridge is introduced by con- 
tact resistances at such points. Further, since all 
gauges are permanently connected to the battery 
throughout a test, they can attain a steady tempera- 
ture by being previously switched into circuit, and 
self-heating effects are minimised. 
Another possible source of erroneous strain indi- 
cations is the thermo-electric effect at the junctions 
between the terminal strips of the gauge and the 
long connections to the remote recording apparatus. 
Incidentally, the connections themselves may be, 
with advantage, of the single-conductor insulated 
“bell-wire ” type. If stranded copper flex is used, 
fictitious readings may ensue from variations in the 
number of actually conducting strands unless great 
care is taken to ensure that every strand at each 
end of the leads is included in the soldered joint. 
To avoid thermo-junction errors, care is needed, as 
a rule, to keep both the gauge joints at the same 
temperature. If Nichrome gauge terminals are 
joined to copper leads, thermo-electrical effects are 
negligible, but with other gauge wire and strip 
materials it is advisable to cover the junctions with 





ture. The last condition may be difficult as, for 


example, when the test object is a sheet subject 


insulating sleeves and additional tape. 


from situations directly in series with the main or 
compensating gauges implies special precautions 
when strain gauges are being used for measurements 
on a revolving part,,entailing slip-ring connections 
to the recording apparatus. To minimise variations 
in contact resistance at the rings, silver.graphite 
brushes, in combination with slip rings of stainless 
steel or silver, have proved superior to cheaper, 
more ordinary materials. At least three brushes 
at equal anguler spacing, and electrically in parallel, 
should be used on each ring ; and if there is appreci- 
able vibration normal to the axis of rotation it is 
preferable to use disc rings with multiple brushes 
arranged in pairs facing one another on opposite 
sides of the disc and forced together by a stiff spring 
to maintain contact. In general, brush pressures 
should be higher than is satisfactory for other types 
of work. 

An alternative method, which removes the brush- 
slip-ring contact resistance from the bridge circuit, 
is to mount the whole bridge upon the rotating com- 
ponent under investigation, and bring away the 
connections to the four corners of the bridge through 
slip rings. This places one pair of rings in series 
with the supply leads and battery, and the other 
pair in series with the galvanometer; so that 
appreciable variations in contact resistance give 
rise to only minor errors of sensitivity. An addi- 
tional advantage of mounting the entire bridge upon 
the rotating part is that the bridge members can 
then often be arranged to be either all active, or 
half of them active and the other compensating, 
with an increase in the sensitivity of strain measure- 
ments. A disadvantage of the moving bridge is 
that initial balance cannot be achieved by simple 
adjustment of a stationary resistance and must be 
obtained by altering a short length of resistance 
wire included in one arm of the bridge. 

The circuits so far mentioned are intended for the 
measurement of static, or only very slowly changing, 
strains for which a moderately sensitive galvano- 
meter, having a period of about one second, is 
generally adequate. A feeble gauge signal may, of 
course, be transmitted to the galvanometer through 
a direct-current amplifier, but the latter is a tempera- 
mental piece of apparatus requiring elaborately 
stabilised power supplies and is very difficult to use 
with success. For alternating strains having a 
frequency of about 10 cycles per second, fluctuations 
of voltage and temperature during one cycle are 
negligible, and a bridge circuit is unnecessary. 
Fig. 5 shows diagrammatically a potentiometer 
method, recommended by Dr. Redshaw, for this 
class of work. A cyclic resistance change in the 
strain gauge M produces a fluctuating voltage, 
across the earthed ballast resistance R, which is 
passed through an alternating-current amplifier A 
to the cathode-ray oscillograph O. The condenser D 
serves to block out the steady component of voltage 
across the resistance due to the battery B. The 
amplifier needs to have a constant gain of about 
100,000 over the audio-frequency range from 10 to 
10,000 cycles per second. A limitation of this 
potentiometer method, namely, that only the 
oscillating portion of the strain is measured, without 
any steady strain upon which the fluctuations are 
superimposed, is removed by the use of an alternat- 
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by Dr. Redshaw and exemplified by Fig. 6. The 
bridge is energised by a simple valve oscillator, and 
the signals are passed to a cathode-ray oscilloscope 
after alternating-current amplification. The display 
on the oscilloscope screen, with the time-base sweep 
adjusted to a convenient frequency in the region 
of 50 cycles per second, is (i) a regular wave of con- 
stant amplitude for zero strain ; (ii) a regular wave 


strain superimposed on a steady mean strain. From 
measurements of the three amplitudes, the displays 


strains cannot be distinguished, this is rarely a 
serious disadvantage in practice. 

The resistance-capacity type of amplifier com- 
monly used in wire resistance strain gauge technology 
has now been developed to a high degree of reliability 
and has very stable characteristics. It is not, 
however, without possible errors which appear as 
distortions of the oscillograph record due to distor- 
tion related to amplitude, frequency, difference of 
phase between input and output, or background 
noise and hum picked up from neighbouring circuits 
or from the power supply. Of these, phase distortion 
may be emphasised from the standpoint of the 
unsuspected errors to which it can lead. Neverthe- 
less, the combination of alternating-current amplifier 
and cathode-ray oscillograph is so far the most satis- 
factory apparatus for dynamic strain measurement 
and it can be inferred, from the foregoing brief 
survey, that the electronic aspects of resistance 
strain gauge circuits present problems of greater 


complexity than those arising from the gauge | 


elements themselves. It is equally evident that the 
potentialities of resistance strain gauges are so pro- 
mising and embrace such a wide range of engineering 
applications, as to justify not only the research that 
is still being devoted to them but also a considerable 
amount of specialised study on the part of engineers 
who wish to make the utmost use of them. 





INSTITUTE OF TRANSPORT.—The undernamed have 
been elected ordinary members of the Council of the 
Institute of Transport and will take office on October 1: 
Mr. W. F. French, Mr. H. Howells, Mr. G. Leedam, Mr. 
R. McLeod, Sir Charles H. Newton, Mr. A. J. Pearson, 
Mr. H. Rudgard, Mr. H. A. Short, M.C., Mr. B. G. Turner 
and Mr. W. Bray. The first nine are members and Mr. 
Turner is an associate member. 





AUTOMOBILE BRAKE MAINTENANCE CHARTS.—We have 
received from Messrs. Lockheed Hydraulic Brake Com- 
pany, Limited, Tachbrook-road, Leamington Spa, copies 
of two large instructional charts for the maintenance and 
overhaul of Lockheed hydraulic brakes. The charts are 
onstout varnished paper suitable for display on a garage 
wall, where they should prove of considerable use from 
the lucid and clear large-type instructions and the draw- 
ings reproduced. The instructions include checks for 
faults, adjustment procedure, warnings, etc., and the 
illustrations, which show different layouts of the gear, 
are fully annotated. We are informed that the posters 


are available free of charge to any garage or service 








“ENGINEERING” 


NEW FORM OF NOTCHED- 
BAR TEST PIECE. 


By W. E. Woopwarp, M.A.(Cantab). 


Durie his absence from Cambridge on war work 
|the writer had to make use of the Izod test to a 
He found that the most common type 


of greater constant amplitude for static strain ; of test piece used in industry is the round specimen 


andl (iil) ‘a wave of fuctusting amplitude for cyclic! | 1 ced in the BSS. No. 070 of 184%. These 


| test pieces may either have the notches milled across 


| great extent. 


0-45-in. in diameter with three 45-deg. notches, 


| referred to above. The production of these speci- 
|mens requires three operations in the machine 
|shop: (1) rough turning of the specimen approxi- 
mately to size ; (2) grinding the specimen to 0-45-in. 
diameter ; and (3) cutting in the notches. The tool- 
room always complained about the length of time 
required to produce such specimens, and the diffi- 
culty of fitting in the various operations if other rush 
jobs were about. The area at the bottom of a 
standard specimen after the notch has been cut out 
is 0-12115 sq. in., and a circle of diameter 0-392 in. 
has an area of 0-1207 sq. in., so that these areas 
are for all practical purposes equal. It was, there- 
fore, decided to experiment with a specimen having 
an area nearly equal to that of the standard specimen. 

The first specimens were made by using the stan- 
dard 45-deg. notching cutter, with its standard radius 
at the tip, to cut a concentric groove 0-029 in. deep 
round the specimen, which was left rough turned 
and not ground. As long as the material was not 





too tough quite good agreement was obtained from 
a specimen made as described, with a standard 
specimen carrying three notches ; but the standard 
specimen was ground as usual. In order to distin- 
guish the new specimens from the standard speci- 
mens the latter are described as being notched and 
the former as being grooved. It is a fair assumption 
to say that standard notched specimens break if the 


| reading on the machine is not more than 45 ft.-lb., 


but if the reading is greater, then the specimens are 
only bent, and this bending effect is accompanied 
by a lesser or greater amount of crushing at the back 
of the specimen as the toughness increases. A 
calculation was made by one of the writer’s collabo- 
rators showing that the hammer of the Izod machine 
will pass over an unbroken specimen provided that 
the angle of tilt is in the neighbourhood of 64 deg. 
to the horizontal. 

When tough specimens were tested it was found 
that the 45-deg. groove became closed up in the 
process, so that the deformation at the back corre- 
sponded to that shown in a standard specimen, and 
the specimen im extreme cases remained unbroken. 
The next stage in the investigation was to increase 
the width of the groove to 60 deg., still keeping the 
same radius at the tip. Immediately, very great 
improvements in the results were obtained, and the 
specimens broke up to readings of nearly 100 ft.-lb. ; 
the highest reading in this series being actually 





station on application to the firm. 


97 ft.-lb. The corresponding figures for a standard 


can be analysed into the steady and cyclic com- page sig 20s oop nagyt aacanyl pa mae a 
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specimen of this steel ranged from 100 to 116 ft.-lb. 
unbroken, whereas the three grooves gave readings 
of 97, 97 and 96 ft.-lb. These results were really 
very promising and would have been almost sufficient 
to cope with any figures met in practice. However, 
in the stores of Messrs. Guy Motors, Limited, 
Wolverhampton, were some bars of exceedingly 
tough material, viz., case-hardening mild steel (not 
free cutting) and some 3 per cent. nickel steel. 
These steels showed no signs of breaking even 
with a 60-deg. groove, the standard figures being 
117 ft.-Ib. unbroken. In order to make these work- 
able under the new scheme a still wider groove 
was adopted. This was 75 deg. and the radius kept 
standard as before. Using this tool it has been 
possible to break a grooved specimen showing 
readings of 109 ft.-lb. 

The next stage in the investigation was to co- 
relate the results obtained by standard notches, 
45 deg. grooves, 60 deg. grooves, and 75 deg. grooves, 
because it is obviously uneconomic to have to have 
different grooves for different steels. A great deal 
of experimental work has been carried out at 
Wolverhampton, and the writer has been greatly 
assisted by Mr. W. P. Smith, chief metallurgist, 
Messrs. Lockheed Brake Company, Limited, Lea- 
mington Spa, and Mr. A. N. Black, of the Engi- 
neering Laboratory of Oxford University. By 
calibrating the three Izod machines in the three 
different laboratories on special specimens, it is fair 
to state that the results obtained by any one of 
the experimentalists are in close agreement with 
those obtained by the other two; for example, a 
piece of 2.8.28 (E.N.30) steel tested at Messrs. Guy 
Motors, Limited, gave, for standard specimens, 
30, 28 and 32 ft.-lb.; at Oxford, 28, 28} and 33} 
ft.-lb.; and at Messrs. Lockheeds, 33}, 33} and 
31 ft.-Ib. 

As an example of good agreement between 
grooved and standard specimens, some E.N.12 steel 
(0-40 per cent. carbon) was heat-treated to give 
Izod readings of about 50 ft.-lb. The three standard 
notches gave 46, 47 and 49 ft.-lb., respectively. The 
three readings with 60 deg. grooves gave 48 ft.-lb. 
three times, and so did the three readings with 
75 deg. grooves. Similarly, some E.N.16 (manganese- 
molybdenum) steel gave three unbroken readings, 
with standard notches, of 52, 54 and 56 ft.-lb., 
respectively, whereas the 60 deg. groove gave two 
readings of 54 ft.-lb. and one of 55 ft.-lb., and the 
75 deg. grooves two readings of 58 ft.-lb. and one of 
59 ft.-lb. If the readings are low, as, for example, 
in the case of 0-4 per cent. carbon steel, water 
quenched, then both the standard specimen and 
all three types of grooves give similar answers. If 
the resistance is slightly increased, as in the case 
of free-cutting mild steel, then once again the angle 
of the groove is immaterial, but as described above, 
for higher reading materials, and in order to cope 
with the highest values found in practice, a 75 deg. 
groove seems desirable. The proposed form of test 
piece is illustrated in Figs. 1 and 2, and the present 
standard test piece is shown for comparison in 
Figs. 3 and 4. 

Further experiments are being undertaken in 
order to obtain additional data from which a stan- 
dard type test piece can be laid down. It appears to 
the writer that this work points the way to the 
quicker production of a notched-bar test piece which 
will really tell how the crack is propagated, because 
he is confident that, in the case of the specimens 
which bend without breaking, an unknown amount 
of energy is being absorbed in crushing material at 
the back of the test piece. 





**RaDIO ENGINEERING AND THE WAR EFFORT.”’—A 
well-illustrated and informative pamphlet, entitled 
** Radio Engineering and the War Effort,”’ has been issued 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2. This describes the 
part played by the firm in manufacturing radio equip- 
ment of various kinds for war purposes, and shows in an 
effective manner the ever widening field now covered by 
the term “ radio engineering.’’ The difficulty of changing 
over from peace- to war-time production, both in the 
research establishments and in the works, is stressed, 
and a note is added on the “ dispersal ”’ factories it was 
necessary to acquire. The illustrations are indicative of 
the wide range of products and, with the text, form an 
interesting record of an important part of the company’s 
war work. 
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The Cathode-Ray Oscillograph in Industry. By W. WIL- 
son, D.Sc. Second edition. Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
18s. net.) 

THE three years that have elapsed since the first 
edition of this book was published have done more 
to consolidate the importance of the cathode-ray 
oscillograph as a scientific instrument and to extend 
its range of applications in technical industry than 
to modify the essential characteristics of either the 
oscillograph itself or of the auxiliary electrical 
apparatus. In scope, general plan and most major 
respects, consequently, the new edition follows 
much the same lines as the previous volume, yet 
succeeds if possible in enhancing the author’s 
reputation as a clear and authoritative exponent of 
a limited portion of an extremely wide subject. 
Dr. Wilson’s position as manager of the General 
Electric Company’s development laboratory has 
enabled him to appreciate the special needs of scien- 
tific workers who wish to make the fullest possible 
practical use of oscillograph equipment for industrial 
research without burdening themselves overmuch 
with historical, mathematical or purely theoretical 
matter of mainly academic interest. He begins, 
therefore, by describing in adequate detail the 
functions, alternative forms and special purposes 
of the various types of cathode-ray equipment in 
common use, and of the components comprised in 
them. Upon this introduction is based an account 
of methods of operating the tubes, accompanied by 
instructive discussions of performance in relation 
to design. Each class of test is illustrated by prac- 
tical examples and typical records, most of which 
have actual or potential applications to engineering 
problems. 

Notable among the improvements incorporated 
in the new edition are a large number of additional 
illustrations, along with descriptive text, of recent 
types of oscilloscope such as the miniature ** Mini- 
scope’ set, and the luminous anode, exemplified 
not only for sensitive detection but also as a measur- 
ing device. The construction of large metal-tube 
oscillographs and of robust portable models is now 
discussed in greater detail than before, while the 
chapter on the electron microscope has been ampli- 
fied with particular respect to the preparation and 
mounting of specimens, and the operation of modern 
apparatus of this type for metallographic research. 
Perhaps of more widespread value in industry are 
the author’s instructive descriptions of the electronic 
switch for achieving two or more records with a 
single cathode-ray tube, and of oscillographic equip- 
ment for inspecting engineering material, measuring 
elastic modulus and strain, analysing noise, vibra- 
tions and musical notes, and for creating supersonic 
waves for echo-sounding and the detection of flaws 
in components of machinery and structures. An 
addition that teachers and lecturers will find especi- 
ally valuable is a description of a portable cathode- 
ray oscillograph outfit for demonstration purposes. 

In restricting his subject to the industrial service 
of cathode-ray oscillographs, Dr. Wilson has deli- 
berately omitted all description of television tubes. 
The development and use of such apparatus admit- 
tedly present special problems calling for treatment 
beyond what suffices for ordinary work. We mention 
the omission solely to ensure that the prospective 
reader is not misled, and by no means to disparage 
an excellent book which experimental engineers in 
particular will find stimulating and instructive. 


Railways and Their Future. 


Ernest Benn, Limited, Bouverie House, 154, Fleet- 

street, London, E.C.4. [Price 3s. 6d.] 
Tus small book, designed to provide the intelligent, 
but inexpert, section of the public with a brief 
survey of railways and their organisation, is a revi- 
sion of a smaller one—Railways : Their History and 
Organisation, now out of print—which Lord Monks- 
well contributed to Messrs. Benn’s Sixpenny Library 
some 18 years ago; and it is a tribute to the 
accuracy of his summary and conclusions that the 
modifications found to be necessary have been com- 
paratively so few. Its reappearance has been 
inspired, obviously, by the present Government’s 


By LORD MONKSWELL. 


proposals to nationalise the railways, and the basic 
considerations which the public and Parliament 
ought to have in view when examining these pro- 
posals are contained in a new chapter which takes 
the place of the rather inadequate bibliography 
appended to the earlier work and prov ides a large | 
part of the justification of the ‘‘ Future” in the title of 











ance have been added to the chapter on ** Engines,” 
and the chapter in which passenger vehicles are 
considered also contains some new matter. 

Lord Monkswell goes to the root of the question 
of nationalisation with his comment that this ‘* has 
unfortunately become a political issue when it should 
be an economic one.’ He contends, with evident 
reason, that ‘“‘the desirability or otherwise of 
nationalisation really depends upon broad economic 
considerations such as its effect on the encourage- 
ment of thrift (which is the foundation upon which 
civilisation rests)’’ and ‘‘the maintenance of a 
proper balance between present ease and future 
prosperity.’ There is a danger, as he sees it, that 
nationalisation might be used “ as a short cut to the 
plunder of thrift’ and that efficiency might “be 
sacrificed to political manceuvring and to undue 
concessions to that large section of voters, the rail- 
way servants.” On the other hand, he continues, 
“it may be believed that the Government are moved 
by the patriotic desire to benefit the whole country 
and genuinely think that they will be able to give a 
better service to the public at reduced cost.” For 
something like 80 years (1850-1930), he admits, the 
railways were inclined to be lethargic and to take 
advantage of their paramount position as an inland 
transport agency ; but from 1930 onwards they did 
make considerable progress and achieved a high 
efficiency, to which a sudden change of ownership 
could hardly fail to be detrimental. He considers 
that they have taken to heart the lessons of their 
past mistakes and are unlikely to repeat them, but 
that Governmental direction might easily cause a 
recurrence of the influences which resulted in the 
80 years of relative inertia prior to 1930. On the 
merits of the case, therefore, he is against nationalisa- 
tion of the British railways, feeling that ‘it would 
be risking a recurrence of the same trouble to hand 
them over to the very people who are most likely 
to fall victims to the lure of inactivity.” This is 
an argument based largely upon assumptions, of 
course, and its correctness or otherwise might not be 
demonstrated for some years, since the personnel 
who operate the railways now must continue to 
operate them, whether they are nationalised or not ; 
but the case for nationalisation likewise rests upon 
the major assumption that the defects which this 
policy has displayed elsewhere are not going to apply 
to the British railways. 


B.T.H. Reminiscences: Sixty Yeurs of Progress. Com- 
piled by H. A. Prick-HuGHEs. The British Thomson- 
Houston Company, Limited, Rugby. 

THE double jubilee which the British Thomson- 

Houston Company have celebrated recently—60 

years since the foundation of the original business 

and 50 years since the assumption of the present 
title—was the subject of an editorial reference on 
page 495 of our issue of May 24, 1946 ; but the out- 
line then given of the history of the firm was neces- 
sarily brief and merely hinted at the interesting 
phases through which they have passed since, in 

1886, the firm of Messrs. Laing, Wharton and Down 

was formed in London to promote the sale of elec- 

trical apparatus made by the American Electric 

Company. These stages in development are de- 

scribed at length in Mr. Price-Hughes’s excellent 

survey of the firm’s progress. As a historical docu- 
ment, the book gains greatly in value by the inclusion 
of numerous portraits of those who have been asso- 
ciated with the growth of the works and business ; 
many of them, it may be, are not widely known 
outside the works, but the book has been planned, 
obviously, quite as much to provide a permanent 
record, for the benefit of those whose employment 
to-day depends largely upon the foundations laid by 
their predecessors on the staff roll, as for the informa- 
tion of the engineering world at large. This is as it 





should be. Mr. Price-Hughes may be congratulated 


the book. Examples of modern locomotive perform. | ese 





THE PROBLEM OF INCENTIVE IN 
INDUSTRY*. 

By S. W. 

(Concluded from page 102.) 


I wave left the most important reason for the 
| present-day lack of incentive in industry to the sixth 
last. It can be summarised in a phrase as the 
| complete divorce in the minds of most people between 
| wages and real wages. This is where the extreme 
| specialisation and sub-division of work in our intricate 
industrial society comes into play with devastating 
effect. The old-time village craftsman received pay- 
ment for his chairs and his shoes in money, it is true, 
but he was almost equally familiar, from a lifetime’s 
experience, with the productive effort necessary to 
supply him with the commodities he needed. It was 
his neighbours and friends who grew the food and milled 
the grain, who made the bricks and put up the cottages, 
who sheared the wool and wove it into cloth. The 
money he received was readily convertible in his mind 
into terms of effort. To-day, the man in the mine, 
the man in the engineering factory, has all too frequently 
only the vaguest idea of the processes of world trade 
and industry that are necessary to convert the coal he 


Hype. 


-| has won, and the machine he has helped to make, 


into food for his stomach and clothes for his back. 
Those things can look after themselves. He sees 
himself quite simply in the grip of an individual who, 
he believes, is going to make as much money out of 
him as he can, and out of whom he, in return, is going 
to wring as much money as his power will permit. 
The accent is on money all the time. While politically, 
planning is in the air, industrially it is the early 
Nineteenth Century laissez-faire still rampant. 

The truth is, of course, that money to-day is com- 
pletely valueless. The only value of paper banknotes 
lies in the right that you believe they give you to the 
products of other people’s labour. They represent no 
real wealth. Wealth is food, clothes, factories, com- 
modities. The goods that were brought into existence 
in return for the wages and salaries that passed into 
War Savings are represented by tons of iron shards 
lying rusting in the hearts of ruined cities all over the 
world. I repeat that the only value of money, whether 
currency or frozen currency in the form of savings, 
lies in the claim it represents on the future productivity 
of labour—your own and everybody else’s. 

Suppose you postulate the position that your wage 
or salary is doubled to-morrow with the supply of 
commodities as at present, or your income remaining 
level and all prices halved and the shops stocked with 
goods—which would you prefer? The question 
answers itself. The doubling of income without more 
production would not benefit anyone one iota—on the 
contrary. Prices would leap up to meet the new level 
of spending power, or, if prices were camouflaged as 
they are at present by the grant of subsidies to keep 
them down, the additional income would have to be 
withdrawn by taxation in order to pay the increased 
subsidies necessary. In the meantime, the value of all 
savings would be halved. But a flood of goods and 
reduced prices—what a tremendous gain that would 
be to everyone, particularly to the poorer people. 

The position is further complicated by the fact that 
we need to import from abroad vast quantities of raw 
materials and half our food, and our currency is of no 
use at all to most of our suppliers. How could it be, 
since it merely represents a claim on our future produc- 
tivity 2? We are perforce content to accept it at that, 
but foreigners are perhaps less sanguine and in any 
case cannot afford to wait. They want the present 
sapeoagee Magee other words, the goods. In short, 

can only consume what we produce. The old 
trade-union cry that labour of hand and brain is the sole 
source of all wealth is precisely and exactly true. It 
is the first axiom of the science of economics. Natural 
resources, however rich, only become of value as work 
isdoneonthem. There is no bottomless pool of wealth 
in existence that simply awaits the plundering. There 
might have been some excuse for thinking so before 
1939, but the colossal destruction that has taken place 
since then has blown to dust a century’s accumulation 
of good, necessary and pleasant things. All this may 
seem obvious enough, stated in this way, but it is not 
so obvious to the man confronted with his job—the 
draughtsman designing a plant, the foundryman 
attacking a huge mould, the fitter putting together 
links and levers for some intricate mechanism. He is 
liable to see only how much he has to do, and how little 
he gets in the way of the commodities he so much 
desires, in return for his efforts. 
Let us turn now to what can be done to restore 
and maintain incentive. How can we escape from this 
vicious spiral of failing incentive, falling production, 
increasing scarcity, still less incentive, and so on, all 
over again ? 


In the first place, I don’t think that it is by any 








on having so much excellent historical material to 
work upon, and on the use that he has made of it. 





' Works, Erith, on March 20, 1946. 


* Paper read at Fraser and Chalmers Engineering 
Abridged. 
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means sure that we can escape from it—not, that is, 
without a disaster of the first magnitude, inflation, 
the breakdown of distribution, a wild scramble for the 
fragments, and widespread famine and disease, when 
bitter and inescapable experience would bring home to 
all with terrible emphasis the lesson that leisure is a 
jess desirable good than food and clothing. There is, 
however, perhaps rather more than a fifty-fifty chance 
of avoiding this. What I have said until now has 
been as near as I could get to a purely objective analysis 
of the facts of the situation. What I have yet to say 
can obviously only be conjectural, and my own personal 
opinion of the approach to remedy. It is not what I 
think necessarily ought to be done, but what will 
have to be done, or something like it, if incentive is 
to be restored. 

The last point in my analysis, the confusion in the 
public mind of money with wealth, the idea that con- 
sumption can increase altogether apart from and 
independent of production, seems so immensely 
important that, to my mind, a great and sustained 
publicity campaign should be undertaken jointly by 
the leaders of our public life to bring home these 
simple economic truths to the public consciousness. 
There is nothing controversial about them—they are 
common ground to the leaders of all political parties, 
to trade-union officials, and to industrialists. Every- 
body is familiar with the world shortage of grains and 
fats—everybody should be equally familiar with the 
fact that the way to make wages and salaries worth 
more is not to obtain more money, but to produce 
more goods; and producing more goods means every 
man and woman individually producing more at his 
or her daily job, whatever it may be—except possibly 
the printers of banknotes! Urged with the passion 
that inspired our leaders when France was falling and 
civilisation breaking to pieces about our ears, backed 
by the immense prestige of the Government and the 
Trade Union Congress, and underwritten with complete | 
sincerity and without qualification by the Opposition | 
leaders and the representatives of the principal indus- 
tries, such a campaign should go far to induce in the 
public mind that sense of urgency which is at present 
so conspicuously lacking. 

Assuming such a sense of urgency to be produced, | 
how can it be sustained in the face of the other obstacles | 
to incentive that I have enumerated ? The answer | 
is that it cannot, for any length of time. In the factories | 
and workshop, the shipyards and the docks, things | 
have gone too far for a simple reversion to the good | 
old days of “‘ You're paid to do as you're told, not to 
think!” In Nazi Germany, they did succeed to a 
terrible extent in not merely stopping a man’s mouth, | 
but his thoughts as well. Here, a man can still think 
as he likes ; and one of his thoughts unquestionably is, | 
and will be in the future—‘ I'll work as long as I get | 
a square deal. I don’t mind working hard as long as | 
I know it’s for the public benefit, but I'm damned if | 
I’m going to work hard to make another bloke into a 
millionaire—or even to see chaps with half my ability | 
earning twice my wages.” He may be humbugging 
himself a bit in thinking this, his ideas on a square deal 
may be a trifle vague, and people engaged in industries 
run for the public benefit, such as the postal service 
and the naval dockyards and arsenals, don’t work 
conspicuously harder than other people; but that is | 
what he will think. 

How far the process of nationalisation is likely to go 
in the next decade we do not know, nor“do I want to 
speculate upon political questions; but I think we) 
may venture upon this—public opinion nowadays is, 
to all intents and purposes, unanimous that there is | 
no such intrinsic difference in value between one | 
human being and another as is represented by the | 
difference in the power and living conditions of a| 
Vanderbilt and those of a slum dweller. A certain 
levelling up in incomes has been recognised in this 
country as not merely unavoidable, but just. This 
means that, to ensure the continuance of incentive, 
whatever may be the ultimate organisation of industry, 
some immediate practical step must be taken to 
assure men that they are getting a square deal—to 
satisfy this queer and, in a sense, pathetic mixture of 
idealism and self-interest. Some sort of balance must 
be struck between what the various participants in 
industry receive from it. There must be a limitation 
of profits, and, since the historical justification of profits 
is the accumulation of capital and the consequent 
provision of plant for industry, some balance sheet 
should be prepared and presented every few months, 
showing the relation between the sum total of profits 
and fresh capital issues and extensions. But restless- 
ness will also persist while wages vary so greatly from 
industry to industry and from trade to trade. Just 
as prices of essential goods, in a seller's market, must be 
fixed and not left to the free play of the market, so, 
in the public interest, wages should not be determined 
by whatever a union can enforce in a seller’s market 
of labour, or an employer insist upon in a buyer's 
market, but should bear a reasonable relationship to 





oa like all other wholesale prices, to rise rather 
than fall. I suggest that a Wages Board should be set 
up at once under Government zgis, consisting of repre- 
sentatives of the Government, of employers and of 
employees, and of independent economists, to keep 
under constant consideration all these matters, and to 
issue reports and recommendations either for legal 
enactment, or at any rate with a force as binding as 
the issue of a joint recommendation is at present from 
a conference of employers and a union. 

Payment by results, for unskilled and semi-skilled 
repetition work, offers a real incentive; in fact, too 
real an incentive. Human ingenuity has failed. so far, 
to devise a method of fixing rates on repetition work 
which, while ensuring the employee an adequate wage 
while acquiring facility, does not send his remunera- 
tion, once facility has been acquired, rocketing away 
up far beyond the ordinary wage levels and beyond the 
importance of his contribution to the nation’s wealth. 
Among craftsmen generally, payment by results has, 
on the whole, ceased to act as an incentive to increased 
output. As I intimated earlier, high earnings are 
frowned upon. Increase in piecework prices is not 
regarded as an encouragement to turn out more and 
earn higher wages, but to take things easier and earn 
the same. Whether its power as an incentive can be 
restored, I do not know. Two things that are essential 
if the attempt is to be made are absolute integrity 
on the part of employers in maintaining piecework 
prices once they have been fixed, and absolute integrity 
on the part of employees in revealing errors and 
booking their time. Some form of output bonus, 
covering the whole of a factory and its employees, 
staff as well as workpeople, might take its place, but 
it would have to be devised so as still to bring home 
to the individual his own responsibility; once it 
becomes so remote as to seem like an act of Fate or too 
ponderous for the effort of one individual to master, 
it loses its effectiveness. Granted the realisation that our 
whole welfare depends on output, I consider that every 
industry should set up an expert committee consisting 
of employers and employees—not people on either side 
unfamiliar with practice, but people in daily touch with 
the problems involved—to discuss thoroughly and 
frankly the whole of the problem in all its aspects with 
a view to making joint recommendations on the subject, 
which recommendations should be linked up with the 
work of the Wages Board that I have suggested already. 

As for actual participation in the responsibilities of 
management, a cry often heard nowadays, I do not 
believe that there is any desire at all among work- 
people for this. The desire for responsibility of any 
kind is not a very widespread one. To have free access 
to the management for the purpose of discussing 
grievances, and for the purpose of elucidating points of 
administration and policy that may be obvious enough 
to the man in control but are perhaps far from obvious 
to the onlooker, to discuss matters of general welfare 
and interest, amenities, and so on—this is desired and 
desirable. Office Committees, Works Committees, Joint 
Production Committees, Safety and Welfare Com- 
mittees—all these exist in most large industrial under- 
takings in one form or another. In my view, the 
setting up of similar bodies in the more scattered 
industries—agriculture, catering, transport—should be 
gone into, their scope should be made as wide as 
possible, participation in them extended to repre- 
sentatives of all grades of employee, including the 
staff, and the proceedings approached on both sides, 
in a co-operative rather than a carping spirit, and the 
ensuing discussions and decisions publicised as widely 
as possible. If this is done, I am quite sure it is as 
far as, and perhaps a bit farther than, the great bulk 
of workpeople wish to participate in management. 

While I do not feel that there is any fanatical demand 
for participation in management, there is unquestion- 
ably a desire for improvement of status. When a man 
has worked for a firm for a number of years he resents 
intensely the thought that he may be packed off with 
an hour’s notice, or sent home with no pay for a day 
or two because of shortage of work or a machine 
breakdown; that, in short, he remains a ‘‘ hand” 
and has no real part or lot in the enterprise. This 
will be met no doubt by an extension of “ staff” 
status, by the spread of co-partnership, and by other 
means, varying from place to place. Uniformity is 
not essential in this matter, but it is a point that will 
have to receive increasing attention in the near future. 

All these things, hewever, desirable as they are, 
necessary as they are, are subordinate to the one 
imperative necessity—the necessity, if the standard 
of life is to improve instead of decline, of producing 
all the time more than we consume. That necessity 
must be drummed home into the hearts and minds 
of the people. We are making, as a nation, more 
generous provisien for our old people than ever before. 
We are extending our educational facilities, raising the 
school-leaving age, providing more schools and teachers 
—all very right and proper things to do; but we must 
not be under the illusion that they can be done without 





one another, remain reasonably steady, and have a 


effort. Westminster can make them legal, arrange the 





finance and the machinery, but they can only be 
provided by the good old-fashioned method—by the 
adults, the parents, being prepared to work harder 
and sacrifice themselves for the sake of their children. 
The output of hundreds of thousands of children from 
the ages of 14 to 16, the output of some thousands of 
people who would have been producers but have 
become teachers instead, will be discarded. We are 
all thoroughly in agreement with this, but it will have 
to be made good by greater efforts on the part of all 
those left in production. The native populations of 
the world have been content in the past to supply us 
with the raw materials we need, for a tragically small 
return. They are not so content to-day. All over the 
world, they ask for a higher standard, too; which 
means that we must either put up with less, or produce 
more. The amenities that are demanded—the better 
plant, the more hygienic factories, the washrooms and 
rest-rooms—these things cannot be brought into 
existence by throwing a wad of banknotes down on 
a counter. They have to be made, and they have to 
be made over and above all those things which are 
essential for existence, and over and above all those 
things necessary to make good the destruction and 
wastage of war. From whatever angle we look at it, 
the conclusion is inescapable. Whether individually 
or collectively, whether from a purely economic or 
from a moral standpoint, we cannot take more from 
life than we bring to it. We can demand no rights 
except as they arise from the adequate performance 
of our duties. The miners or the engineers who say 
they would work harder if they had more food or 
more clothing—they must be brought to realise that 
food is artificial fertilisers and tractors and transport, 
that clothing is ships and engines and looms and power 
stations, that their daily bread grows from the sweat 
of their brow as surely as from the toil of the farmer. 

If we fail in this campaign, what alternative is there ? 
Only one—Compulsion! And we get right back at 
one stride to barbarism, and the rule of fear. I have 
not referred hitherto to the incentive of fear. It 
is a most werful incentive—perhaps the most 
powerful of all. Our whole industrial history is satur- 
ated with it ; nevertheless, it is not one that a civilised 
people should permit itself willingly to use. On a 
limited scale, fear is unavoidable, at our present stage 
of development. There are a certain number of incor- 
rigibles who are impervious to any argument but a 
threat—and a threat that can be carried out; but, 
as a general policy of incentive, fear is repugnant to 
the British mind. Yet, unless the lesson is learned, 
unless our campaign of persuasion succeeds, fear 
becomes inevitable. It will come either through the 
pressure of events—the collapse of industry, the 
crumbling of organisation, the terror of scarcity and 
even starvation looming ahead—or it will come because 
the community, the State, seeing such a collapse 
imminent, takes all authority into its hands and 
terrorises its citizens into obedience. If its citizens 
will not school themselves, it will have no option ; 
and we shall find ourselves landed into the totalitarian 
state—Germany, or Russia—States which provide 
pretty well for the bodies of their workers, but through 
which stalk all the time the terror of the headsman’s 
axe, or the bullet behind the ear for the recalcitrant. 
I think either is a fate we should avoid if we can; 
and we still have a reasonable chance of avoiding 
them. 





HOME-GROWN MINING TIMBER.—The Board of Trade 
announce that in order to maintain supplies of mining 
timber, a subsidy of 20 per cent. of the invoice amount 
will be paid to producers of home-grown mining timber 
sold to mines in accordance with Tables 1, 2, 3, 4 and 7 
of Part II of the First Schedule to the Control of Timber 
(No. 35) (Mining Timber Prices) Order, 1944. The 
subsidy will be paid on timber dispatched on and after 
August 1, 1946. Further particulars are obtainable from 
the Board of Trade, Timber Control, Pitwood Depart- 
ment, Clifton Down Hotel, Bristol. 





““ NEW ZEALAND ENGINEERING.’’—From Messrs. Tech- 
nical Publications, Limited, Wellington, New Zealand, 
we have received a copy of the first issue of this illus- 
trated journal, which has been founded to provide news 
of local and overseas engineering activities of interest 
to New Zealanders. By arrangement with the New 
Zealand Institution of Engineers and the New Zealand 
Institute of Welding, the new journal contains reports, 
papers and news supplied by them, and copies of New 
Zealand Engine-ring are now sent to all members of the 
two institutions, in place of the usual bulletins. The 
contents include interesting contributions from New 
Zealand engineers, with notes and news concerning 
meetings, new books, etc. The subscription rates to 
New Zealand Engineering, which is published monthly, 
are 15s. per annum (or 2/. for three years), including 
postage in New Zealand, or 18s. per annum overseas. 
The United Kingdom representatives are Messrs. Sawell 
and Sons, Limited, 4, Ludgate-circus, London, E.C.4. 
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SUBSTATION SWITCHGEAR. 


THE modernisation of the electrical plant installed in 
factories, especially switchgear, in order to comply 
with changed conditions and to cope with increased 
demands, frequently presents some interesting pro- 
blems. As an example of how this can be brought 
about mention may be made of the electrical installa- 
tion of a factory engaged on general engineering pro- 
duction. The original installation comprised both 
alternating- and direct-current generators together with 
arotary converter. In addition, a supply of alternating 
current was obtained at high voltage from the public 
mains, the total maximum demand being about 
2,500 kVA. 

As this factory was operating during the war on the 
three-shift system the need for continuity of supply, in 
conjunction with the risk of bomb damage, made it 
essential to modify the supply arrangements. A new 
high-voltage feeder was therefore laid to a substation 
about a quarter of a mile from the original intake 
point ; and a high-voltage ring main was run round the 
site and connected to four new substations, each of 
which was equipped with two 500-kVA transformers. 
The existing feeder was retained as a standby. These 
alterations necessitated the provision of switchgear of 
higher breaking capacity and new equipment illustrated 
in Figs. 1 and 2, was therefore constructed by the 
Brush Electrical Engineering Company, Limited, 
Loughborough, with a rating of 250 MVA at 6-6 kV. 
This equipment, however, is insulated to operate on an 
11-kV system with unearthed neutral point; there is 
thus a high insulation margin. 

The 6-6-kV switchgear is of the vertical draw-out 
type with flush front panels. The truck-mounted oil 
circuit breakers, one of which is shown in Fig. 2, are 
easily accessible on opening the front doors of the 
switchboard, and are solenoid operated from the panel 
front by means of push-buttons. Direct current for 
supplying the solenoids is obtained through a rectifier, 
which is energised from a voltage transformer connected 
to the incoming high-voltage cable. Each circuit 
breaker has its own truck, which is built up from elec- 
trically welded steel plates and sections. The operat- 
ing mechanism is mounted solid on the truck front 
panel, so that sliding plates are eliminated. The elevat- 
ing gear comprises a single balanced jack-screw lift, 
which requires only a small operating effort, owing to 
the use of a ball thrust bearing and low gear ratio. It 
runs on wide steel tracks and has three-point roller 
bearings and machined wheels. Automatic interlocks 
ensure that the main circuit cannot be made or broken 
except through the oil circuit breaker, and that the 
truck cannot be withdrawn or replaced unless the 
circuit breaker is open. Accidental contact with live 
high-tension conductors is prevented by automatic 
gravity-operated safety shutters to which springs are 
fitted so as to guard against interference. Both the 
*bus bar and feeder ports can be secured by locks. 

The fixed main contacts on the circuit breaker are 
high-pressure multiple fingers of the self-aligning type, 


secured independently of the spring fixings. The | 
moving contacts are hard-drawn copper of triangular 

section. The arcing contacts are of the high-pressure 

line-contact type and are arranged so that the current 

flow on short-circuit increases the contact pressure. | 
Balanced pressures on each line are ensured by placing | 
double volute springs between these contacts. The 
fixed contacts are faced with sintered tungsten-copper, 
while the moving contacts, upon which the arc erosion | 
mainly occurs, are of gunmetal and can be easily and | 
cheaply renewed. The operating mechanism is carried | 
on a heavy fabricated dome to which the tank bolts 
are welded. The tank itself is of boiler plate and has a 
dished bottom. It is reinforced at the gasket join and 
at the point of maximum instantaneous pressure. Both 
the tank and phase barriers are lined with ‘‘ Elephan- 
tide.” The tank is connected to a separate expansion 
chamber by helical chokes, so that though adequate 
relief is provided for the are products, no oil is expelled. 
The isolating switches consist of solid copper plugs 
which are fixed in the housing and engage with floating 
sockets placed at the top of the circuit-breaker bushings. 
These sockets are built up of hot-pressed copper seg- 
ments which are attached individually to the floating 
contact block by flexible laminations. 

The low-voltage alternating-current switchboard, 
which is illustrated in Fig. 1, controls the low-tension | 
side of one of the 500-kVA transformers and 18 three- | 
phase three-wire and four-wire feeders. The trans- | 
former circuit is controlled by a 1,000-ampere oil 
circuit breaker, while the feeders are served by fuse- 
switches which vary in capacity from 500 amperes to 
60 amperes and have a rupturing capacity of 25 MVA. 
As will be seen, there are six of these circuits, arranged 
in three-tier formation on each panel with one ammeter 
and one ammeter switch for each set of three. These 
ammeters are of the rectangular flush type. The direct- 
current circuit serving the generators and rectifiers are 
controlled by electrically-operated air circuit breakers 
and the feeders by fuse switches. As in the case of the 
alternating-current equipment, there is an ammeter and 
switch for each set of three fuse-switches. 











IRON AND STEEL SCRAP PRICES.—The Minister of 
Supply has issued the Control of Iron and Steel (No. 51) 
(Scrap) Order, 1946 (S.R. and O. No. 1101, 1946, price 
1d.), which came into force on July 29. The Order 
increases the maximum prices of iron and steel scrap 
to meet the recent increase in rail freight rates, and the 
additions vary from 5d. to 1s. 6d. a ton, according to the 
district. 





PROTECTION OF ALTERNATING-CURRENT MoTORS.— 
Details of their thermal overload relays for the protection 
of alternating-current motors are given in a pamphlet 
issued by Messrs. the “ P. and B.’”’ Engineering Company, 
Limited, Tamworth Lane Works, Mitcham, Surrey. These 
relays, which are of the bimetal type. have been developed 
in co-operation with Messrs. Edmundsons Electricity 
Corporation, who are using them for protecting motors 
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COPPER-RICH ALLOY FOR 
BEARINGS. 


In a technical publication entitled “ Silicide-Hardened 
Copper Compacts for Bearings,” recently issued by the 
American Institute of Mining and Metallurgical 
Engineers, the authors, Messrs. F. R. Hensel, E. I. 
Larsen and E. F. Swazy, give some particulars of a 
copper-base bearing alloy hardened by additions of 
nickel silicide and susceptible to precipitation-harden- 
ing. The material is produced by powder-metallurgy 
methods and the particular alloy adopted, after 
preliminary experiments, contained 2-4 per cent. of 
nickel, 0-8 per cent. of silicon, 0-3 per cent. of phos- 
phorus, the balance being copper. Several methods 
of incorporating the hardening ingredient were studied 
and it was found that compacts formed from copper, 
nickel and silicon powders were inferior to those 
fabricated from pre-alloyed nickel-silicide master alloys, 
owing to rapid oxidation of pure silicon during the 
sintering operation. The master alloy employed had 
the following nominal percentage composition :— 
nickel 25, silicon 7, phosphorus 3, and copper 65. This 
alloy is brittle in the as-cast condition and is powdered 
quite readily. The blended powders were pressed at 
pressures of between 25 and 40 tons per square inch, 
depending on the shape and size of the compacts. The 
sintering operation was carried out in atmospheres of 
hydrogen or cracked ammonia at temperatures of from 
1,000 deg. to 1,040 deg. C., for a period of about one 
hour. The density of the sintered alloys ranged from 
7°74 to 8-1 grammes per cubic centimetre, and the 
hardness varied from 35 to 65 Rockwell F scale. 
Optimum properties were obtained by annealing the 
alloy at 850 deg. C., and quenching, followed by ageing 
for 4 to 6 hours at 45 deg. C., in air. 

Tensile tests conducted on the quenched and aged 
alloy gave limit of proportionality values of the order 
of 4 to 7 tons per square inch, and ultimate strength 
values of 22 to 27 tons per square inch. Elongation 
values are low and range from about 1 to 2 per cent. per 
inch. Material made up with the _nickel-silicide 
master alloy had an endurance limit of 7-8 tons per 
Square inch, while another sample manufactured from 
powders of the component elements had an endurance 
limit of 4-5 tons per square inch only. Bearing tests 
were carried out in a General Motors machine giving 
conditions of considerable severity. The machine is 
designed to simulate conditions of service in internal- 
combustion engine connecting rods. The bearings 
were machined so as to have a length of 1-28 in., an 
outside diameter of 2-365 in., and an inside diameter 
of 1-992 in. The hardened steel shaft was ground to 
1-989 in. diameter, thus giving an overal clearance of 
0-003in. The test consisted of a 5 hours “ running-in ” 
period and 50 hours’ exposure to the conditions imposed. 
The duration, speeds and loads of the successive stages 
were: 2 hours, 1,725 r.p.m., and 540 Ib. per square inch ; 
3 hours, 2,130 r.p.m., and 840 Ib. per square inch ; and 
50 hours, 3,550 r.p.m., and 2,300 Ib. per square inch. 
The authors state that the bearings and the shaft were 
in excellent condition at the coriclusion of the test. 
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HISTORY OF THE BRITISH SCIEN- 
TIFIC INSTRUMENT INDUSTRY.* 
By S. L. Barron. 

(Concluded from page 114.) 

In 1894, Robert Paul, a British inventor and scientific 
instrument maker, first produced an ‘‘ animatograph,” 
or projector of moving pictures on a screen, and thus 
created a great industry, although the Lumiére brothers, 
of Paris, were independently working on the problem 
at the same time. Paul’s projector was undoubtedly 
the best, as it incorporated a device of his design called 
the Maltese cross, by which each picture was brought 
into the projecting beam of light, held stationary for 
a fraction of a second, and then rapidly replaced by 
the next picture in sequence. This Maltese cross, 
although modified, is still embodied in most up-to-date 
fim projectors. Paul was the first to show a topical 
news film, in 1896, when he made and projected a 
film on the same evening, showing the Prince of 
Wales’s horse winning the Derby; he also photo- 
graphed Queen Victoria’s jubilee. He made many 
films, including some scientific ones made in 1899, 
in conjunction with Silvanus Thompson, from a 
series of successive drawings in the same manner as is 
used for the present Walt Disney cartoons. In 1904, 
largely because of his disgust over excessive pirating of 
his films in America, he discontinued his film activities 
completely, and concentrated his great abilities on his 
work as an instrument maker. Paul’s great influence 
remained, and it is not generally appreciated that British 
film cameras and projectors are still among the best 
in the world ; indeed, a great majority of the Hollywood 
studios are equipped with British cameras. 

The beginning of the present century marked a 
greatly increased interest and activity in instrument 
manufacture. The rapid progress of mechanical, 
electrical and physical sciences, and the introduction 
of instrumental methods of control in industry, brought 
in its train the necessity for an ever-increasing range of 
scientific instruments. In the mechanical sphere, 
great attention was paid to the accurate measurement 
of stresses in structures, and many ingenious electrical, 
optical and mechanical methods were developed. Elec- 
trical investigations received a great stimulus from the 
work of Duddell in the introduction of the oscillograph, 
and of Alexander Russell and Campbell in the thorough 
exploration of the theory of a currents. 
Duddell was one of the class of scientists who was also 
a capable instrument maker and designer, and the 
oscillograph as first designed by him became the 
pattern that was employed for many years all over 
the world. The realm of physical science was greatly 
opened up by the rapidly increasing knowledge of 
atomic physics, and it is universally acknowledged 
that this was greatly due to the work of Thomson, 
Rutherford, and their collaborators at Cambridge 
University. Probably no instrumental discovery in 
this sphere has had so great an effect as that of the cloud 
chamber due to C. T. R. Wilson, which Rutherford 
described as “the most wonderful experiment in the 
world.” 

The theory of atomic activity had been formulated, 
and Wilson, working from first principles, conjectured 
that if radioactive particles were electrically charged 
and were constantly projected from a radioactive 
source, they should polarise the path along which 
they travelled. He designed a glass-topped chamber 
in which he inserted a radioactive substance and a 
film of water. The water-saturated air in this chamber 
could be expanded suddenly, thus producing a condi- 
tion of supersaturation, and causing a fog or mist to 
form. His theory was that if a path of polarised 
particles from the radioactive substance existed, then 
the water thrown out by the condition of super- 
saturation would condense along the polarised path. 
By illuminating the chamber with allel light, it 
should be possible to see these tiny globules of water, 
and if necessary to photograph them before they 
dispersed. His experiment was an instant success, 
and a new instrument was evolved that enabled great 
progress to be made in verifying theoretical calculations 
and determining the mass, velocity and range of radio- 
active particles. This new instrument, in the hands of 
Rutherford and his collaborators, greatly accelerated 
the advances in atomic physics. It led to the work 
of Aston, who, in 1920, devised his mass spectro- 
gtaph, by which isotopes 
turn, led to the Cyclotron and nuclear fission with its 
tremendous possibilities and dangers. Thus the first 
phase of a great fundamental discovery has been 
completed and we should not lose sight of the fact that 
the scientific instrument industry has played an 
important part in this development. 

eet much development has been made in 
the design and capabilities of the microscope. This 
instrument has been improved so as to have reached the 





* Lecture delivered at the Exhibition of British 
Scientific Instruments in Stockholm, on June 2, 1946. 
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limit of the possibilities of resolution, which is about 
1,000 diameters, and is determined by the wavelength 
of the light employed. It is known that many organ- 
isms exist, including non-filterable viruses, the dimen- 
sions of which are than can be resolved with an 
ordinary microscope, or which are so transparent that 
they cannot be observed. The first development, 
largely by Dr. Barnard, was to design and construct a 
microscope embodying quartz lenses which enabled 
ultra-violet light of short wavelength to be employed, 
thus providing a photographic microscope which 
extended the possible range of ification to about 
2,000 diameters. More recently, it has been possible 
to harness the electron itself, as a means of obtaining 
photographs of extremely minute objects up to a 
magnification of about 100,000 diameters. In brief, 
the electron microscope, instead of using light, employs 
a stream of electrons which may be accelerated by 
applying suitable electric fields. As the electrons are 
accelerated the wavelength diminishes. For example, 
with an accelerating voltage of 60,000, the wavelength 
is reduced to about 1/100,000 part of the wavelength 
of light. The beam of electrons can be focused by 

ing them through magnetic fields in the axis of the 

m, and acting in the same manner as a lens in a 
microscope when visible light is employed. The beam 
is therefore first focused in the of the object 
under examination, where the mass thickness of the 
object scatters the electrons proportionately to the 
density ; completely transparent portions will pass all 
the electrons and dense areas will pass none. The 
diverging beam is then converged by an objective 
“lens ’’ (magnetic field) and subsequently made to 
impinge upon a fluorescent screen, where a highly 
magnified image of the object will appear in the form 
of graded light and dark areas depending upon the 
amount of scattering that has taken place. The fluores- 
cent screen is used for focusing the image by adjusting 
the electric-field lenses, and the ultimate picture is 
obtained on a photographic plate. 

In other fields, mention should be made of the 
development of instruments employing the principles 
of magneto-striction, or the property of a metal of 
altering its linear dimensions when subjected to a mag- 
netic field. If a magneto-strictive metal is placed in an 
alternating magnetic field, its dimensions will alter in 
resonance with the exciting frequency ; conversely, a 
fluctuating applied to the metal will produce 
an alternating electromotive force in a coil surrounding 
it. This principle has been large employed in echo 
sounders developed in Great Britain for navigational 
purposes. In brief, a supersonic current is fed to a coil 
surrounding a magneto-strictive metal which acts as a 
transmitter of supersonic pulses. This is fitted to the 
hull of a ship, and produces a series of short pulses of 
supersonic waves in the water which are projected 
downwards until they are reflected by any object in 
their path. The reflected beam is picked up by a 
similar receiver operating conversely to the transmitter, 
and the length of time between transmission and 
reception is a measure of the depth of the reflecting 
object. The time intervals are continually recorded 
and it is thus possible to explore the sea bottom and 
record continuously the depth under a vessel, thus 
greatly facilitating navigation. Similar apparatus has 
been developed for determining the presence of flaws 
or cracks in castings. 

Time will permit only a brief reference to the 
development of instruments for “ Radar” or electro- 
magnetic beam reflection. This essentially British work 
was greatly accelerated by the war, and has given rise 
to an almost entirely new industry. That it will have 
a great influence on the future of both aerial and 
marine navigation there can be no doubt. The opera- 


tion of Radar is somewhat similar to that of the echo | agree 


sounder already referred to, but the range and accuracy 
place it in a class by itself. It has been announced 
recently that reflected signals have been received from 
the surface of the moon, and Sir Edward Appleton, one 
of the pioneers of this science, conjectures that before 
long it should be possible to measure the height of the 
moon’s prominences by this method. More practical 
and immediate uses are for aerial navigation, enabling 
aeroplanes to land safely in darkness or in fog, and 
guiding ships to harbour or through treacherous areas 
under very adverse conditions. This large section of 
the industry built up for war-time purposes is thus in 
rocess of being turned to peace-time usefulness. 

The last half-century has been so prolific in discovery 
and development that any such brief account as that 
given above must of necessity be woefully inadequate. 
No mention has been made of instruments associated 
with spectroscopy, or many of the diagnostic instru- 
ments developed for pol sagnenr of medicine. Some 
of the great advances made are in the manufacture of 
optical glass, the development of the thermionic valve 
by Fleming and De Forest, with its subsequent effect 
on radio transmission and reception, as well as the 
important development of electronic devices that have 
extended so greatly the possibilities of all classes of 
investigation. Such widespread development has been 








much accelerated by the impetus occasioned by two 
wars of great magnitude, and the capacity of the indus- 
try has grown accordingly. 

In conclusion, it may be stated that no phase of a 
nation’s life is independent of the scientific instrument 
industry. Manufacturers and industrialists employ 
instrumental control in one form or another to guide, 
measure and regulate their products ; food preparation, 
preservation, and transport, depend upon instruments ; 
the doctor relies upon instruments for diagnosis ; while 
navigation by air and sea is instrumentally controiled. 
The ready acceptance of these. facts causes the general 
public to forget the debt to scientists and instrument 
makers for the comforts, pleasures and improved 
standards of living enjoyed in the Twentieth Century. 

We, the instrument makers, acknowledge the great 
debt we owe to the scientists through the ages; the 
laboratory apparatus of the investigator to-day becomes 
the scientific tool of the manufacturer of to-morrow. 
No less do we acknowledge the debt due to the skill 
of the craftsmen whose work has produced instruments 
of outstanding merit and reliability. With the long 
continuous tradition of British craftsmen and the 
well-known inventiveness of her men of science, we 
may look forward with confidence to a bright future 
for the instrument making industry, a confidence that 
may well be shared by those in whose hands the 
instruments may still be used to further the progress 
of the world in the interests of its people. 





ANGLO-BELGIAN INDUSTRIAL 
CONVERSATIONS. 


As briefly recorded on page 79, ante, conversations 
took place, in the third week of July in Brussels, 
between delegations representing the Federation of 
British Industries, under the leadership of Lt.-Col. Lord 
Dudley Gordon, D.S.0., and the Federation of Belgian 
Industries, under their President, Mr. Maurice Van der 
Rest. Representatives of the chemicals, coal, engin- 
eering, iron and steel, motor-cars and vehicles, textile, 
and other leading industries took part in the talks and 
continued the contacts established in January of the 
present year, when a delegation of Belgianindustrialists 
were the guests of the Federation of British Industries 
in London. The two delegations exchanged reports on 
the progress of reconversion of industry from war-time 
to peace production in their respective countries since 
their conversations in January. While it was agreed 
that industrial activity had improved, both in Great 
Britain and in Belgium, it was emphasised that such 
activity was impeded by the lack of coal and labour 
resulting from causes peculiar to each country. It was 
felt that closer relations should be established between 
British and Belgian industries to promote a greater 
volume of commercial exchanges. The attention of the 
British delegation was drawn to the difference at 
present existing in the balance of Anglo-Belgian trade, 
to the detriment of Belgium. In order to remedy this 
state of affairs and to expand Anglo-Belgian commerce, 
the two delegations agreed to recommend the setting 
up of permanent bodies having the task of examining, 
in their respective branches of activity, the develop- 
ment of commercial trends. 

The two delegations recommended to the Govern- 
ments of Belgium and of the United Kingdom, as a 
matter of urgent necessity for the restoration of mutual 
trade, the early commencement of conversations with a 
view to concluding a convention for the avoidance of 
double taxation of income passing between their respec- 
tive countries. Taking note of the agreements which 
have been signed by the United Kingdom with the 
United States of America and with Canada, and of the 
ments which have been concluded by Belgium 
with the Netherlands, Luxembourg, France and Italy, 
they recorded their belief that these agreements disclose 
sufficient identity of views on taxation principles to 
form a basis for an agreement between Belgium and the 
United Kingdom. A review was also made of the 
conditions surrounding the application of the Customs 
Convention of September 5, 1944, concluded between 
Holland, Belgium and Luxembourg. The British dele- 
gation expressed their satisfaction that this Convention 
corresponds to the recommendations in favour of 
economic groups expressed in the Federation of British 
Industries report on ‘“‘ International Trade Policy,” 
published in 1944. Among other matters, information 
was provided on the organisation of technical training 
and industria] research in Great Britain and Belgium. 
In view of the importance of these problems to the 
economic development of both countries, the two dele- 
gations undertook to exchange information and experi- 
ence in each of these fields. The Belgian delegation 
also reported on the relations existing between the 
Government and industry in Belgium while the British 
delegation informed the Belgian delegation of the func- 
tions and method of procedure of the Working Parties 
in Great Britain. Finally, the two delegations decided 
to set up a permanent liaison committee which should 
meet, if possible, every three months. 
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PNEUMATIC IMPACT WRENCHES. 


MESSRS. CONSOLIDATED PNEUMATIC TOOL COMPANY, LIMITED, LONDON. 





Fig. 1. 
PNEUMATIC IMPACT WRENCHES. 


THE interesting pneumatic wrench of which examples 
are illustrated by Figs. 1 to 7, on this and the opposite 
pages, has been introduced recently by Messrs. Consoli- 
dated Pneumatic Tool Company, Limited, 232, Dawes- 
road, London, S.W.6, for running on or backing off nuts, 
for driving or withdrawing studs, set-screws, etc. It is 
common knowledge that during the war, and even before 
it, mechanical nut-running was practised extensively 
in light assembly work, a modified type of pneumatic or 
electric drill or screwdriver being employed. This 
application, however, was mainly to work in which the 
nuts were not required to be very tight, as they would 
be in the case of flanges to withstand high pressures, 
and, in consequence, the nuts were sufficiently tightened 
by the time the tool had stalled. Not infrequently, 
however, the nuts had to be tightened finally with a 
spanner. The new wrench, which is known as the 
Consolidated pneumatic impact wrench, is entirely 
different in principle from the modified screwdriver 
types previously used for light work. Apart from a 
great increase in rotationa] speed, the impact wrench 
tightens up the nut to the desired extent without 
requiring subsequent attention, the running on and 
tightening up being a continuous operation. This is 
effected by a construction which applies a continuous 
rotary motion to the nut socket, that is, to the box- 
spanner part of the tool, until the nut is in contact with 
the flange or other component to be held down. When 
this contact occurs the pneumatic motor continues to 
rotate at the same speed as before, but instead of apply- 
ing a continuous torque a series of impacts is given to 
the socket so that the nut is driven tightly home. 

At first sight, the provision of a mechanical device 
producing an effect analogous to that obtained by 
applying hammer blows to a spanner would seem to 
imply that the tool producing it must be both heavy 
and cumbersome. This, however, is not the case, 
the blows in the impact wrench being delivered by 
light “hammers,” and the very greatly increased 
periodicity of the blows enabling the same effect to be 
obtained as would result from the use of a heavy hand- 
operated hammer. Since the new impact wrench is 
reversible, it can be used with equal effectiveness for 
starting and removing a nut, however intractable it 
may have been rendered by corrosion, paint, or other 
causes. The impact wrench was first developed by the 
manufacturers for medium work, that is, for bolts up 
to 1} in. in diameter, and in this range has demonstrated 
its flexibility and utility in shipyard work, bridge 
building and similar constructions. Its range has there- 
fore been extended both “upwards” and “ down- 
wards,” and it is at present made to deal with the 
nuts of bolts up to 1? in. in diameter and up to in. in 
diameter. Naturally, the detail design of the wrench 
differs in each size, but while it is hardly necessary to 
describe the full range, it may be of interest to give 
some particulars of typical examples before describing 
the general construction. 

The wrench shown in Fig. 1, as will be evident, is 
sufficiently compact and light to be manipulated by 
one hand. It is capable of dealing with nuts for bolts 
up to } in. in diameter and, with appropriate modifica- 
tions to the socket, can be used for driving studs, self- 
tapping screws and similar components. The tool 


weighs 4} Ib. in the form shown in Fig. 1, and the overall 
length from the socket nose to the top of the cover is 








Fie. 2. 


























Fig. 3. 


6§in. There are, however, forms having a head angled 
at either 45 deg. or 90 deg. to the axis, and in these both 
weight and length are greater. The wrench shown 
in Fig. 2 is an example of that used for bolts up to 
? in. in diameter. It has an overall length of 13} in. 
and a net weight of 13} lb., but with the same type 
of handle as is shown in Fig. 1, the overall length is 
10j in. and the weight 123? lb. The wrench is seen 
in use in screwing in Allen screws in shipbuilding 
work; these are set screws with a countersunk head 
having a recessed square hole in the centre. This view 
illustrates the versatility of the wrench, an adaptor for 
insertion in the standard socket being all that is 
required to convert the tool for any form of screw or 
nut different from the standard hexagon nut. The two 
wrenches seen in Figs. 3 and 4 are obviously of a heavier 
pattern, and require an additional handle to enable 
them to be manipulated readily. The wrench shown 
in Fig. 3 is for bolts up to 1} in. in diameter and with 
the pistol grip shown weighs 29} Ib.; it has an overall 
length of 163 in. For additional steadying, the tubular 
handle seen on the left is fitted, and when used in a 
horizontal position it can be suspended in any con- 
venient manner by using the plate suspension bail on 
the right. The wrench illustrated in Fig. 4, which is 





for bolts up to 1} in. in diameter, weighs 61 Ib. and 








Fig. 4. 


clearly requires more extensive holding devices ; there 
is a double handle grip at the top and a tubular side 
handle, while the air inlet connection is also designed 
to serve as a handle. Alternatively, detachable bails 
can be provided for either vertical or horizontal sus- 
pension and the double handle at the top can be 
replaced by a spreading T-handle. The overall length 
ia 21} in. 

The construction of the 1}-in. bolt wrench is shown 
in Figs. 5 to 7, opposite. The motor;consists of a’sliding- 
vane rotor a, the integral spindle of which is carried at 
both ends in ball bearings mounted in the end covers 
of the cylinder, which is formed as a plain liner secured 
by dowels and keys into the main casing. The rotor a 
is not connected directly to the shank b of the wrench. 
The left-hand end of the rotor spindle is splined and 
drives a cam ring c, which, in turn, drives the shank 
through the “hammer” assembly. The shaft d 
plays no part in the drive, but merely ensures correct 
alignment of the rotor and shank. The assembly does 
not, strictly speaking, include hammers; it is more 
accurately described as a form of slipping clutch, the 
term “ hammer ” being used above to indicate function 
rather than construction. The assembly consists of 
a pair of plates e held together by two bolts f, with 
distance pieces. Between the plates are two clutch 














ENGINEERING. 129 








AuG. 9, 1946. 


=—— 


PNEUMATIC IMPACT WRENCHES. 


MESSRS. CONSOLIDATED PNEUMATIC TOOL COMPANY, LIMITED, LONDON. 








ect 
the 
ion 


ith 
tch 


Wij: 


g LZ 
ip 





e' 


IIo” 
ive” 
forrs> 


dogs g, free to swing on pins spanning the gap between 
the two plates. When a nut is being run on to a bolt 
the cam ring c drives the plates e in such a way that 
the clutch dogs are in constant engagement with 
appropriate notches in the shank 5, but as soon as the 
face of the nut makes contact with the flange, etc., to 
be secured, a certain amount of slipping takes place, 
with the result that the clutch dogs red a very rapid 
hammering torque to the shank. 

It will be evident that the size of the wrench must be 
related to the size of the nut, and in consequence, the 
range of sizes, not all of which are described, covers 
practically every size of nut in ordinary use. This does 
not mean that a separate wrench is required for each 
size of nut, but that one wrench, efficiently handled, 
will cover a range of nuts such that its power is not so 
great as to fracture the bolt or strip the thread of the 
smallest size of that range ; no one is likely to employ, 
say, a }-in. wrench to run a nut on a -in. bolt. Apart 
from this, the wrench is carefully designed so that the 
torque is not excessive for any bolt in the particular 
range. 
The shank b has a square end to carry the socket 
or box spanner, which may be used directly or may 
carry an adaptor for use with other than hexagon 
or square nuts. The box spanner is secured to the 
shank by a plain pin, which is prevented from working 
loose by a sleeve embracing the spanner body. The 
other parts of the wrench follow, in the main, the firm’s 
usual practice. The air, generally at a pressure of 
about 80 Ib. per square inch, enters at the union h 
and after passing through a gauze filter and the spring- 
loaded trigger-operated throttle valve i, enters the 
supply port j to the cylinder. The volume of the 
supply is automatically regulated by a small piston 
valve actuated by the centrifugal governor k, the 
operation of which will be obvious from Fig. 7, without 
further comment. The course of the port to the 
cylinder is not shown, but it is interrupted by the 
reversing valve J. This is simply a cylindrical valve 
with a pair of opposed flats cut in the periphery as 
will be clear in Fig. 5. In this view the port for the 
pressure supply is indicated at j’, and it will be evident 
that, with the valve in the position shown, the rotor 
is being driven in a counter-clockwise direction, 
exhaust taking place through the port m, which 
is normally fitted with a suitable deflecting device to 
prevent inconvenience to the operator. When the 
direction of rotation is to be reversed, the valve / is 
turned through a right angle by means of a short lever, 
into the position shown in Fig. 6, and from this view 
it will be clear that the pressure air is directed to 
the other side of the rotor, which then revolves in a 
clockwise direction. Lubrication of the rotor and other 
moving parts is provided from the oil chamber n, 
Fig. 7, which contains horsehair and cotton wick, 
as indicated, to form storage for the oil. The passages 
from the chamber to the parts lubricated are not shown. 
Lubrication for the outer end of the shank, the clutch 
dogs and the shaft d, is provided by special wrench 
grease introduced at the nose of the wrench and dis- 
tributed by the passages shown in Fig. 7. Charging of 
the lubricants is required only occasionally. 





PUBLIC LIGHTING EQUIPMENT EXHIBITION.—An exhi- 
bition of public-lighting apparatus and equipment will 
be held at the Central Hall, London, 8.W.1, from Sep- 
tember 10 to 12. Further particulars may be obtained 
from the Municipal Agency, Limited, 68, Victoria-street, 
London, 8.W.1. 
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NAVAL MINING AND DEGAUSSING 
EXHIBITION. 


Aw exhibition of British and German naval mining 
and degaussing materia] which was employed during 
the recent war was opened at the Science Museum, 
South Kensington, London, 8.W.7, on Thursday, 
August 1, and will remain open for three months. 
Its object is to give the public some idea of the 
lines followed in the two countries in designing this 
weapon of offence and of the steps taken by the Brit- 
ish Admiralty to counteract its effects. From both 
these points of view the exhibition is exceedingly well- 
arranged. Not only are complete mines shown, but 
there are separate displays of the ingenious and com- 
plicated components which were used to explode them. 
The components of the degaussing equipment are also 
exhibited, though for obvious reasons the methods of 
installing them on board ship have had to be illustrated 
by means of models. All the exhibits are provided 
with well-written descriptions, which are frequently 
elaborated by wall diagrams. On the other hand, the 
exhibition is naturally incomplete. For various reasons 
it has not been possible to show everything which was 
designed in this country, nor every piece of German 
equipment which has been captured or recovered. To 
begin with, regulations prevent the display of material 
which is still on the secret list. The varieties of mines 
and actuating systems employed were also so great 
that they cannot all be accommodated in the space 
available. Nevertheless, sufficient is shown to illus- 
trate the great ingenuity displayed on both sides and 
to cause some surprise that so much delicate and 
intricate apparatus should have been produced only 
to be destroyed after a relatively short life. 

As is well known the mines used during the 1914-18 
war were, almost without exception, of the contact type. 
Before and during the 1939-45 war, however, non-con- 
tact mines were developed on both sides, with the 
result that nearly one quarter of the 263,000 British 
mines laid during the latter period of hostilities were 
of the ground type; that is, they rested on the sea 
bed and were therefore harder to sweep than ix the 
buoyant mine. Four methods of operating these mines 
were used and these may be classified as magnetic, 
electro-chemical, acoustic and pressure. In a typical 
German mine of the first type two laminated non-metal 
cores are mounted parallel to each other and are wound 
with fine wire coils. These coils are magnetised in 
equal and opposite directions, so that any alteration 
in the external field causes the flux in one to increase 
and in the other to decrease, the resulting change 
in inductance being sufficient to operate a relay and 
to close the firing circuit. Similarly, in the acoustic 
mines the sound waves from an approaching ship are 
picked up on a microphone and used to operate the 
firmg mechanism. In the electro-chemical mine de- 
layed firing takes place after a circuit has been closed 
through a cell and an electrode has been consumed by 
chemical action, while in the pressure mines alterations 
in the internal air pressure bring about the same 
result. 

These mines are ali made in a number of patterns to 
comply with a variety of conditions which experience 
showed to be necessary. For instance, one type is 
fitted with a flooding device so that it sinks if it has 
not been exploded after a given time. This is effected 
by using a cell containing two electrodes, one of steel 
and the other of a silver salt. The steel is gradually 





consumed by electrolytic action, so that a vent is 
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opened and the sea enters the mine. On another, 
a “selector ” switch is fitted, which advances step by 
step as each ship passes over the mine. This ensures 
that the explosion does not take place until a pre- 
determined number of vessels have passed. On the 
defensive side some devices are shown for sinking 
or otherwise dealing with buoyant mines, while 
another provides that buoyant mines will not become 
effective until a definite settling period has elapsed from 
the time they were laid. The designer, however, will 
doubtless find most interest in examining the compon- 
ents from which the various mechanisms are built up 
and in comparing the different methods by which the 
same or similar results were achieved in the two 
countries. 

As already mentioned, the exhibition also provides 
an opportunity of making known to the public the 
methods which were so successfully developed and 
applied to counter the magnetic mine by degaussing. 
Included in this section are illustrations of the various 
ways of measuring ships’ magnetic fields and of the 
methods in which degaussing coils and their associated 
control gear have been developed. Examples of a 
good deal of the actual apparatus are also shown. As 
was pointed out at the recent Symposium at the Insti- 
tution of Electrical Engineers, degaussing is almost 
entirely a war-time development. In this connection 
it is, therefore, valuable to be able to record that by 
D Day, 1944, some 18,000 vessels had been partly 
or wholly protected from magnetic mine attacks by 
this means. The maintenance of these ships in a satis- 
factory condition involved the magnetic measurement 
of some 500 ships a day, as well as the analysis of the 
instrument records and the promulgation of the results 
throughout the Degaussing Organisation, so that the 
necessary treatment could be given at any convenient 
port. The action taken as a result of these routine 
measures included the “ wiping” or “‘ degaussing ” of 
some 25 ships a day, in addition to the daily setting 
and maintenance of the coils. 





HyDRo-ELEcTRIC CONTKACT FOR PORTUGAL.—We are 
informed that an important contract, to the value of 
about one million pounds sterling, for the equipment of a 
200,000-h.p. hydro-electric power station in Portugal, 
has been placed by the recently formed company, the 
Hidro-Electrica do Zezere, of Lisbon, with the British 
group consisting of the English Electric Export and 
Trading Company and the Metropolitan-Vickers Electrical 
Export Company. The station will be situated at Castelo 
do Bode, 100 km. north-west of Lisbon, on the Zezere 
River, and the electrical energy will be distributed by 
the national grid for the industrial development of 
Central Portugal. 





Fi~m ON ELEcTRIC Toots.—An informative sound film 
in colour has been recently made for Messrs. S. Wolf 
and Company, Limited, Hanger-lane, Ealing, London, 
W.5, by Messrs. United Motion Pictures, Limited, to 
show both the construction and operation of the various 
electric tools manufactured by Messrs. Wolf. The film, 
which occupies 22 minutes to display, is accompanied 
by a clearly arranged commentary and should be of 
great technical interest to those engaged in light engi- 
neering as the manufacturing and testing processes are 
dealt with. The tools shown in action include a valve 
refacer ; a screwdriver; a hammer, which is the firm's 
latest tool; a grinder; and a blower. All the views 
were taken in the firm’s Ealing works. 
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INSTITUTION ELECTIONS. 


INSTITUTION OF MECHANICAL ENGINEERS. 

Member.—Clifford Samuel Cocks, Brighton; Cdr. 
(E.) Walter Sydney Corfield Jenks, R.N., Bath; 
William Cuthbert Knill, B.Sc. (Durham), Croydon ; 
Sir Ben Lockspeiser, London, S.W.1; Leslie Reginald 
Nixon, M.Sc. (Eng.) (Lond.), London, 8.E.14; George 
Turner Tatham Rheam, O.B.E., B.Sc. (Eng.) (Lond.), 
London, N.14; Curtis Albert Sparkes, Altrincham, 
Cheshire. 

Associate Member to Member.—William Bentley, 
M.B.E., Leicester; Joseph Charles Thomas Blake, 
Birmingham ; James Stanley Clinton, Johannesburg, 
South Africa; John Dick, Ph.D., B.Sc. (Glas.), 
Sheffield ; Alfred William Epton, Chester; Herbert 
Donald Fletcher, Trinidad, B.W.I.; Donald Robert 
Howgill, Cairo, Egypt; Henry George Ivatt, Derby ; 
William Richard Jones, Hartlepool; William Panton, 
B.Eng., Billingham ; Alan Edgar Powell, B.Sc. (Eng.) 
(Lond.), Newcastle-upon-Tyne; Henry Humphrys 
Scotland, Ottawa, Canada; George Skript, Langley ; 
Harold Morris Swann, Melbourne, Australia ; Cdr. (E.) 
Ralph Wulstan Kimberley Twinberrow, R.N., Chat- 
ham; Thomas Yule, Brighton. 


Graduate to Member.—John Stanley Clarke, Ph.D., 
B.Sc. (B’ham), Burnley. 

Associate Member.—Henry Frederick Trelawney 
Adams, M.A. (Cantab.), Henlow, Beds. ; Arthur Morrell 
Anstiss, Christchurch, N.Z.; James Ridley Armstrong, 
Bombay, India; Howard Horatio Charles Barton, 
B.A. (Cantab.), London, W.3; Michael Blaicher, 
London, W.C.2; John Reginald Bottomley, Sheffield ; 
Edward John Brickell, London, W.C.2; John Alfred 
Bubb, Coventry ; Alexander Dick Butchart, Dundee ; 
Eric Bairstow Carter, London, 8.W.1; Samuel Death, 
London, E.C.1; S./L. Bernard Elliott Dunkley, R.A.F., 
Wallington, Surrey; Percy Dunkley, London, S.E.1; 
Jozef Jan Marian Dziewonski, Edgware, Middx. ; 
David Eyre, Bristol; Ronald Arthur Fellingham, 
Rochdale; William Fitton, B.Sc. (Manch.), Bristol ; 
Henry William Gammell, London, 8.W.1; Lieut. 
Ernest Alfred Glucksman, R.E.M.E., B.A.O.R.; 
Harold Hainsworth, Harrogate; Eric Arthur Hamp- 
shire, Pembrey, Carmarthenshire; Samuel Nesbit 
Haywood, Kilmarnock; William Herbert Hedger, 
Cardigan; Lesley Percival Hewkin, London, N.W.9; 
Stanley Percival Hill, Drigg, Cumberland ; Denis John 
Horan, Atbara, Sudan; Robert Geoffrey Howitt, 
Darlington; Major Jack James Johns, I.A.0.C., 
London, 8.W.17; Lt.-Cdr. (E.) Hugh Anthony Owen 
Jones, B.Eng. (L’pool), R.N., H.M.S. Dido; Harold 

inald King, Birmingham ; John Hodgson Kirby, 
North Shields; Fred Knowles, Sheffield; John 
McInroy, Leamington Spa; Cecil John Eedes Malet, 
London, W.C.2; William Robert Thurman Miles, 
Sevenoaks, Kent ; Edward Harry Patterson, Glasgow ; 
Herbert Penwarden, West Drayton, Middx. ; Laurence 
Perrin, London, N.W.9; Payne Harry Pettiford, 
M.B.E., London, E.C.3; Charles William Pierce, 
Chertsey, Surrey; Harry Randle, Dagenham, Essex ; 
Cdr. (E.) Frederic John Ricks, R.N., Devonport ; 
Wilfred John Rittman, Henley-on-Thames. 





FLUORESCENT LIGHTING OF Rarmway COACHES.—A 
first-class vestibule coach on the London Midland and 
Scottish Railway has been equipped with 24 20-watt 
fluorescent tubes of the “‘ warm-white ’ type. Each tube 
is 2 ft. long by 14 in. in diameter and is supplied from a 
110-volt circuit. Ten of the tubes are ceiling lights, 
and the remainder are placed over the windows. 





COMMITTEE ON ELECTRICITY TaRIFFS.—The Electricity 
Commissioners have appointed a Committee to review the 
various methods of charging and tariffs offered by the 
authorised undertakings for purposes other than bulk 
supply and to make recommendations as to the forms of 
tariffs or methods of charging which would be best adopted 
to promote uniformity and development. The Secretary 
is Mr. H. S. Lanphier, Electricity Commission, Savoy- 
court, Strand, London, W.C.2. 





COMPETITION FOR MoTOoR-CaR DeEsiGns.—In connection 
with the jubilee of the motor industry, the Society of 
Motor Manufacturers and Traders, 148, Piccadilly, 
London, W.1, are offering 1,000/. in prizes for models 
or drawings of the car of the future. The competition 
is open to all draughtsmen and designers except those 
employed in the motor industry. Professional model 
makers are also ineligible, but entries areinvited from all 
amateurs. The aim of the competition is to discover 
what the engincering profession considers will be the 
appearance of the car of the future. Neither working 
models nor detailed technical drawings are required. 
Entry forms containing full details regarding how and 
to whom the model or drawing should ‘be submitted are 
obtainable from any motor-car dealer. 
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R. B. SHEPHEARD. Lloyd’s Register of Shipping, 
71, Fenchurch-street, London, E.C.3. 

Pratique Industrielle des Transformateurs. By 
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Michel, 22, rue Huyghens, Paris (XIVe). [Price 
210 francs.) 

G Turbines and Jet Propulsion for Aircraft. By 

Ke. GEOFFREY SMITH. Fourth edition. Published for 
‘ Flight,” by Iliffe and Sons, Limited, Dorset House, 
Stamford-street, London, 8.E.1. [Price 12s. 6d. net.) 

University of Minnesota. Institute of Technology. Bulle- 

yx tin No. 24. Factors Affecting Heat Transmission 

‘\ Through Insulated Walls. By FRANK B. ROWLEY and 
CLARENCE E. LUND. The Director, Engineering Ex- 
periment Station, University of Minnesota, Minne- 
apolis, Minn., U.S.A. 

Electronics in Industry. By GEORGE M.CHUTE. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 

\ street, New York 18, U.S.A. [Price 5 dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 25s.) 

Wood Patternmaking: A Textbook. By HERBERT J. 
McCasurm. Fourth edition. McGraw-Hill Book Com- 
pany, Incorporated, 330, West 42nd-street, New York 
18, U.S.A. [Price 2.60 dols.} McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
W.C.2. [Price 13s.] 

British Welding Research Association. Arc Welded Struc- 
tural Steelwork. Memorandum No.1. Stanchion Bases, 
Caps and Joints. Recommendations for the Design, 
Fabrication and Erection of Welded Stanchion Details. 
The Director of Research, Offices of the Association, 
29, Park-crescent, London, W.1. [Price 9d., post free.) 

Homes for the People. How Modern Building Technique 
Can Provide High Standard Dwellings Quickly. By a 
Committee of the Association of Building Technicians. 
Paul Elek (Publishers), Limited, Diamond House, 
36-38, Hatton-garden, London, E.C.1. [Price 7s. 6d. 
net.] 

Building Craft Series. Building Geometry. By W. J. 
STonE. Longmans, Green and Company, Limited, 
43, Albert-drive, Wandsworth, London, 8.W.19. [Price 
7s. 6d. net.) 

Les Essais de Transformateurs Industriels, Chez le Con- 
structeur et Chez lV’ Exploitant. Including La Marche 
en Paralléle des Transformateurs. By M. LaPins. 
Dunod, 92, rue Bonaparte, Paris (VlIe). [Price 330 
francs.] 

Le Cobalt. By RoBERT PERRAULT. Dunod, 92, rue 
Bonaparte, Paris (Vle). [Price 390 francs.) 

Précis de Radioélectricité. By PROFESSEUR EDMOND 
DrvorRE. Masson et Cie, 120, Boulevard Saint- 
Germain, Paris (VIe). [Price 240 francs.] 

Limestone Roads. By P. A. VaLTon. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 10s. 6d. net.] 

Steel Castings. By Eric N. Smmons. Paul Elek (Pub- 
lishers), Limited, Diamond House, 36-38, Hatton- 
garden, London, E.C.1. [Price 13s. net.) 

On the Choice of a Common Language. Edited by H. 
Jacos. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 7s. 6d. net.) 

Railways and Their Future. By LORD MONKSWELL. 
Ernest Benn Limited, Bouverie House, 154, Fleet- 
street, London, E.C.4. [Price 3s. 6d. net.] 

T.V.A. Points the Way. E ic Develop t and 
Public Finance. Welsh Party Offices, Caernarvon. 
[Price 6d.} 

A Short History of Mechanical Traction and Travel. 
PartI. The Early History of the Motor Car, 1769-1897. 
By R. W. KIpNeER. [Price 6s. net.) Part III. The 
Early History of the Railway Locomotive, 1804-1879. 
By R. W. Kipner. [Price 5s. 6d. net.) The Oakwood 
Press, 30, White Horse Hill, Chislehurst, Kent. 

Design and Construction of Concrete Roads. By R. A. B. 
SmiTH and T. GrRIGsON. Second edition. Concrete 
Publications Limited, 14, Dartmouth-street, West- 





minster, London, S.W.1. [Price 88. 6d.] 

Railway Inspection. ‘‘ The Railway Gazette ” Offices, 
33, Tothill-street, Westminster, London, S.W.1. 
(Price 1s.] 

“* Mechanical World’’ Monographs. No. 19. Pressure 


Gauges: Their Installation, Maintenance and Repair. 
By J. R. Fawcetr. Emmott and Company, Limited, 
31, King-street West, Manchester 3. [Price 1s. net.] 

Les Ressorts. Etude Compléte et Méthode Rapide de Calcul. 
By CAMILLE REYNAL. Fourthedition. Dunod, 92 rue 
Bonaparte, Paris (VIe). [Price 265 francs.] 

Ministry of Transport. Railways Division. Railway 
Accidents. Report on the Collisions Which Occurred 
on the 10th February, 1946, at Potters Bar on the London 
and North Eastern Railway. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 1s. 3d. net.] 

Manual of Mechanical Power Transmission. Edited by 

Epwarp L. Parry. Second edition. Trade and Tech- 

nical Press (Power Transmission), Limited, 65-66, 

Chancery-lane, Strand, London, W.C.2. [Price 30s. 

net.) 
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PERSONAL. 


Sm JoHN LENNARD-JonES, K.B.E., D.Sc., F.R.S,, 
relinquished his appointment as Director-Genera] of 
Scientific Research (Defence) in the Ministry of Supply 
with effect from July 31, and returned to his post at 
Cambridge University. The University, however, haye 
agreed to make his services available on a part-time basis 
as Chief Scientific Adviser to the Ministry of Supply. 


Sm Epwarp Harpy and Mr. W. B. NEVILLE have 
been appointed to be members of the London Passenger 
Transport Board for periods of three years and five 
years, respectively, to fill vacancies caused by the 
resignation of SiR GILFRID CRAIG and Sim GrEorrrery 
VICKERS, V.C. 

Mr. BrucE H. LEESON, O.B.E., M.I.E.E., has been 
appointed director of the British Electrical and Allied 
Manufacturers’ Association, 36 and 38, Kingsway, 
London, W.C.2, as from October 1, in succession to 
Mr. V. WATLINGTON, M.I.E.E. 


Sm Wim11aM Grirrirxs, D.Sc., F.R.1LC., F.Inst.P., 
chairman and managing director of the Mond Nickel 
Company, Limited, has been nominated as a representa- 
tive of that organisation to the Council of the Copper 
Development Association, Grand Buildings, Trafalgar- 
square, London, W.C.2. 

Mr. H. D. Marns and Mr. J. W. SHEPARD have 
resigned their positions with Messrs. Davidson and 
Company, Limited, Belfast, and have joined the board 
of directors of Messrs. Musgrave and Company, Limited, 
St. Ann’s Works, Belfast. Mr. K. R. PLOwniGur, 
A.M.I.Mech.E., A.M.1I.H.V.E., has resigned from Messrs. 
Hope’s Heating and Lighting, Limited, and joined the 
staff of Messrs. Musgrave and Company as manager in 
charge of air conditioning and ventilation. 


Dr. HaROLD Herywoop, Wh.Sc., M.I.Mech.E., 9, 
Crescent-road, Sidcup, Kent, has been awarded the 
Degree of D.Sc. (Eng.) by the University of London for 
published researches. 

Mr. R. GRESHAM COOKE is relinquishing his position as 
secretary of the United Stee! Companies, Limited, 17, 
Westbourne-road, Sheffield 10, to take up the position 
of director of the Society of Motor Manufacturers and 
Traders. Mr. R. PEDDIE, B.A. (Cantab.), who is a 
chartered accountant, will succeed Mr. Cooke as secretary 
of the United Steel Companies on October 1. 

MR. LAURENCE D. BENNETT, chairman of Radio and 
Television Trust, Limited, is giving up the joint managing 
directorship of Airmec Limited, hitherto shared with 
Mr. E. M. BENJAMIN, but continues as group chairman 
and chief executive of the RadioTel Group. On Octo- 
ber 1, Mr. J. Vivian HOLMAN, A.F.R.Ae.S., M.I.Ae.8., 
becomes joint managing director of Airmec Limited, 
with Mr. Benjamin. Mr. Holman is also joining the 
boards of Airmec International Sales, Limited, Philco 
Radio and Television Corporation of Great Britain, 
Limited, and P.R.T. Laboratories, Limited. 

Mr. G. W. ALLoTT has relinquished the duties of 
general sales manager, iron works, Messrs. Newton, 
Chambers and Company, Limited, Thorncliffe, near 
Sheffield, to become assistant to the managing director 
(engineering sales). 

Mr. J. A. WYKES, who has been secretary of Messrs 
Hoover Limited, since 1921, and became a director in 
1928, has relinquished his post as secretary and has been 
appointed deputy managing director. Mr. H.G. MEaps, 
hitherto assistant secretary, has been made secretary. 
Mr. F. H. BUNN, general sales manager, has been 
appointed to the board. 








CONFERENCE ON INDUSTRIAL DESIGN.—A_ two-day 
Conference on Industrial Design, under the joint sponsor- 
ship of the Council of Industrial Design and the Federa- 
tion of British Industries, will be held in the Central 
Hall, London, S.W.1, on September 26 and 27. This is 
the first of a series of conferences which the Council of 
Industrial Design propose to hold in association with the 
“ Britain Can Make It” Exhibition. Delegates will 
include designers and industrialists, and arrangements 
are in the hands of the Conference Secretary, Council of 
Industrial Design, Tilbury House, Petty France, S.W.1. 





PAINT DISTRIBUTION SCHEME.—The Board, of Trade, 
after full discussion with the paint industry, decided to 
introduce, as from August 1, a paint distribution scheme 
designed to make the best possible use the available 
supplies of linseed oil. Under this scheme manufacturers 
must ase their allocations of linseed oil in the manufac- 
ture of three classes of paint for building, transport and 
general industrial applications, so that, in the aggregate, 
the Government can count on a known quantity of each 
class being available. Supplies to retailers will be at 
approximately the same level as at present. Paint for 
building purposes will continue to be subject to the 
Ministry of Works’ W.B.A. Priority Scheme. Paint for 
transport purposes will require an authorisation, before 
orders can be accepted, from the Ministry of Transport, 
or, for ship construction, from the Admiralty. 
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NOTES FROM THE NORTH. 


Grascow, Wednesday. 


Scottish Steel.—The works have now restarted following 
the annual holidays, and order books are exceedingly 
congested in practically all departments. The restart 
on this occasion was delayed by a considerable number 
of steelworkers deciding to have a fortnight’s holiday 
instead of the official 10 days. Not since 1919 have 
producers been so heavily booked. In comparison with 
1919, however, the demand has a much more solid 
appearance, and steel prices have been kept much more 
stable. The best news this week is the intimation 
(following public and private protests) that the Board 
of Trade has granted an additional export allocation to 
enable existing orders for products rolled from discard 
steel (or scrap) to be executed. It remains to be seen 
whether this concession will be of only temporary 
advantage or otherwise. 

Scottish Coal.—It has been stated that fully 200,000 
tons of coal was lost to Scotland during the week following 
the Fair Holidays owing to thousands of men extending 
their holidays beyond the agreed period. The total 
reserve of house coal in depots is only a fraction of this 
tonnage and it is what happens now that will largely 
determine the position of users next winter. There is a 
prospective deficit of nearly 30,000 tons a week in 
scotland during the winter months, and unless stocks 
can be built up, between now and October 31, to at least 
three times their present volume, users will be faced 
with an acute shortage. By the end of the autumn, a 
number of new colliery schemes will be producing coal, 
and the large sums expended during the past year should 
be making a return, but other pits will be yielding less, 
and a fresh appeal is to be made to the men, especially 
in Lanarkshire, the Lothians and Ayrshire, to increase 
their attendance and manshift outputs. Opencast coal 
production, it is anticipated, will be increased to fully 
20,000 tons a week. Work is due to commence this 
month on a large new site in the Lothians. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—-Ten days’ holiday at all the leading 
works ending after Bank Holiday has provided an oppor- 
tunity for dealing with some of the major overhauls of 
plant and machinery. Some additional plant has been 
installed, but, in the main, manufacturers are awaiting 
delivery of new mills and electrical equipment. Steel 
trade uncertainties are hampering progress in carrying 
out schemes for extension and improvement. Order 
books are very well filled. the only disability being the 
shortage of skilled men, in both the steel and engineering 
sections. Some of the heavy iron foundries need more 
work to take the place of orders from the armament firms 
that have not fully completed their change-over to peace- 
time products. Much depends upon the facility with 
which the engineering trades of the country make their 
demands for steel and steel products. Constantly rising 
costs of production are a source of anxiety ; much more 
capital is required to finance contracts, and it is feared 
that competition in the export field will be difficult to 
meet. 

South Yorkshire Coal Trade.—-Staggered holidays and 
persistent absenteeism, when there are sports attractions 
within a reasonable distance, have reduced coal produc- 
tion at a time when every effort is being made by con- 
sumers to build up depleted reserves. The railways are 
pressing for more locomotive coal for the holiday train 
services. Industry has less than a fortnight’s reserves ; 
it is hoped to be able to build them up during the holiday 
period, Efforts to restore stocks at electric power sta- 
tions are being made with the help of a large proportion 
of outcrop coal. Gas coal is in urgent demand and 
coking coal is being allocated on restricted lines. Coke 
production is below normal, the usual summer stocks 
being much depleted. No export business of any note 
can be undertaken. Bunkers are in good request. 





FUEL Costs AND ELECTRICITY Supp_y.—aA table in the 
annual report for the year ended March 31, 1946, of the 
Hull Corporation Electricity Department shows that the 
average price received per kilowatt-hour sold was 1 -014d. 
—the same as in 1935—while the cost of fuel had increased 
from 10s. 1d. to 37s. 2d. per ton. 








FEES FOR METER EXAMINATION AND TESTING.—With 
the approval of the Treasury, the Minister of Fuel and 
Power has fixed a fee of 1001. for the examination and 
testing at the National Physical Laboratory of electricity 
meter types submitted for approval in accordance with 
the Schedule to the Electric Lighting (Clauses) Act, 1899, 
as amended by Section 11 of the Electric Lighting Act, 
1909. The examination of a modified form of unap- 
proved type of meter will cost 251. All correspondence 


on the subject of testing and examination of meter types 
should be addressed to the Director, National Physical 
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NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 
The Welsh Coal Trade.—Some misgivings have been 
felt in South Wales at the decision of the Government 
to encourage home industries to install oil-burning 
equipment in place of existing coal appliances. Although 
this step might lead to a reduction in the pressure on 
supplies, it does nothing to remove the rea] cause of the 
shortage, which is dwindling production, and in some 
quarters is regarded as a confession of inability to tackle 
this ever-growing problem. Fears are entertained that 
years of research and campaigning to prove the superio- 
rity of coal as a fuel would be completely offset, and that 
the ultimate result would be serious for the coal trade. 
The position would not be quite so bad if the export 
trade were to benefit. This, however, seems unlikely 
and salesmen will have to continue to turn away business 
always held locally in the past. Practically all the 
collieries in South Wales have been closed for the annual 
holidays during the August Bank Heliday week, the 
only exceptions being such collieries as are engaged on 
important immediate deliveries ; these will be on holiday 
later. In addition, coll‘eries were closed for the three 
last shifts of the pre-holiday week. This was in lieu 
of the Whitsun Tuesday, which was worked. It was 
arranged that the holiday should be taken on this 
particular week-end when absenteeism usually reaches a 
very high level. As a result of the stoppage, conditions 
have been even more difficult on the steam-coal market. 
Most collieries were already well booked ahead and, 
consequently, little fresh business could be entertained 
for early delivery. Exports remained very limited and 
practically the only coals being shipped were anthracite 
duffs lifted from colliery dumps. Al] the large sorts were 
well sold forward, and, with an active demand, commanded 


firm figures. The sized and bituminous smalls were in 
keen request. Cokes and patent fuel were also busily 
engaged. 


Swansea Steel Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that although the production of tin-plates has been 
increased by the putting into operation of 12 additional 
mills since the end of March, the demand is in excess 
of the output and as makers are heavily committed 
the sales are not large. In the export market, the 
demand is unrelaxed, but the available supply restricts 
business. Steel sheets have an insistent home demand 
and makers having full order books are obliged to refuse 
orders. As is usual at holiday times, the iron and steel 
scrap market remains very quiet. The prices of iron 
and steel products and of non-ferrous metals are as 
follows :—Prime tin-plates, per box of 108 Ib., containing 
112 sheets measuring 20in. by 14in., 32s. 6d., 32s. 9d., 
and 33s. 14d., f.o.r., according to the tin coating, for 
home consumption, and 33s. 6d., and upwards, f.o.b., for 
export. Unassorted tin-plate base uncoated plates, 27s. 
per box f.o.r. at makers’ works. Unassorted terne-plates, 
per box of 112 sheets, measuring 28 in by 20 in., 61s. 9d., 
f.o.r. All the above prices are subject to a schedule 
of extras for certain sizes and qualities. Galvanised cor- 
rugated steel sheets, Nos. 17-20 gauge, in bundles, 
271. 13s. 6d., and steel-sheet and tin-plate bars, 121. 2s. 6d., 
all per ton delivered. Welsh hematite pig iron 8/. 9s., 
and Welsh basic pig iron 7/. 15s. 6d., both per ton, 
delivered, and both subject to a rebate of 5s. The dis- 
tribution of supplies of metallic tin is controlled and the 
price of the metal is 3001. a ton. The maximum control 
price of fire-refined copper (containing not less than 
99-2 per cent. of the metal) is 82/. 10s. a ton, and that of 
high-conductivity electrolytic copper, 841. a ton. The 
maximum control price of lead, English quality, is 
561. 10s. a ton, of foreign soft pig lead, duty paid, 551. a 
ton, and of spelter, 501. a ton. 





CLASSES IN TRANSPORT.—F ull courses for the graduate- 
ship and associate-membership examination of the Insti- 
tute of Transport will again be available this year at the 
Ealing Technical College, Watwick-road, London, W.5. 
Classes for the diploma in road transport of the Royal 
Society of Arts will also be arranged. All classes will be 
held from 7 to9 p.m. Enrolments should be made during 
the week commencing September 16. 


MINIATURE LAMPHOUSE.—The miniature lamphouse 
which, we understand, has recently been placed onthe mar- 
ket by The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, has been designed for 
use in connection with photo-electric cells. It is intended 
for employment where the distance to be spanned does 
not exceed 3 ft., and where the existing types of lamphouse 
cannot be used because they are too large or because they 
are optically unsuitable. The light source is an Osram 
double-contact 6-watt, 12-volt. automobile lamp. which is 
supplied from the 10-volt winding on the amplifier trans- 
former. The lens can be adjusted telescopically so that 
sufficient light can be passed through a slit about 2 mm. 
wide. The overall length is 37 in. and the external dia- 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Orders in hand and inquiries circu- 
lating will ensure great activity in the iron- and steel- 
producing plants for some months. Inadequate fuel 
supplies, however, have necessitated the curtailment of 
the make of several commodities and the total tonnage 
output of iron and steel falls considerably short of current 
needs. Large quantities of material are in urgent request 
for the requirements of the home industries and only 
moderate parcels can now be released for shipment 
overseas. Every effort is being made to give satisfactory 
attention to priority claims for materia] for essential 
domestic purposes, but in some branches of industry 
short deliveries are increasingly embarrassing and the 
prospects of an early expansion in outputs are not bright. 
There is no abatement in the demands for fulfilment of 
export contracts. 

Foundry and Basic Iron.—Supplies of ordinary foundry 
pig iron are not sufficient for current needs. The make 
of No. 3 quality is still intermittent and small, and the 
substantial deliveries from iron-producing centres at a 
distance are promptly absorbed by the requirements of 
the North Eastern founders. Larger supplies are 
eagerly sought by makers of light castings, to enable 
them to meet their delivery obligations. There is no 
basic iron on the market, the whole of the output being 
retained for use at the makers’ adjacent steel-producing 
plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
distributable tonnage of East Coast hematite is sufficient 
for the actual requirements of the home users but 
provides no iron for replenishing the depleted stocks of 
the consumers. Manufacturers of iron, low in phos- 
phorus, and of refined iron are dealing satisfactorily with 
customers’ demands. 





Manufactured Iron and Steel.—-The various descriptions 
of semi-finished and finished iron are obtainable in 
sufficient quantities for the users’ requirements, but the 
demand for steel is insatiable. Producers of the latter 
are very heavily sold and are experiencing intense pressure 
for deliveries on a scale which is beyond their capacity. 
The make of semi-finished steel is promptly absorbed by 
the requirements of the re-rolling plants, and the pros- 
pects of further substantial imports of overseas products 
are not very bright. Complaints of the inconvenient 
shortage of billet. continue. All classes of finished steel 
are wanted in great quantities. The numerous orders in 
hand prevent new business from being undertaken, 
except for distant delivery dates, and recent transactions 
include contracts extending over the first quarter of next 
year. Bookings have not been so heavy since the boom 
period that followed the termination of the 1914-18 war. 
Makers of sheets, plates, sections, railway requisites 
and colliery equipment have a vast amount of work in 
hand. 


Scrap.—The large demand for scrap is met by an ample 
supply and large parcels of good cast-iron scrap, machin- 
ery metal and heavy steel are passing into use at foundries 
and steelworks. 





MINERAL DEVELOPMENT COMMITTEE.—The Minister 
of Fuel and Power stated in the House of Commons 
on August 2 that he was now in a position to announce 
the constitution of the committee of inquiry into metal- 
liferous and other mineral resources of this eountry and 
their development. The Mineral Development Commit- 
tee, as it is called, will have the following terms of 
reference: ‘“ To inquire into the resources of minerals 
in the United Kingdom, excepting coal, oil, bedded 
ironstone, and substances of widespread occurrence ; 
to consider possibilities and means of their co-ordinated, 
orderly, and economic development in the national 
interest; and to make recommendations in regard 
chereto.” The committee is predominantly technical 
in character and will be presided over by Lord Westwood, 
O.B.E., as chairman. The other members are Mr. T. 
Balogh, Institute of Statistics, University of Oxford ; 
Mr. A. R. Davies, partner in the firm of T. C. Horabin and 
Partners, industrial consultants; Professor W. R. 
Jones, D.Sc., M.Inst.M.M., Imperial College of Science 
and Technology and Adviser to the Board of Trade on 
China Clay; Mr. L. C. Hill, D.S.0., M.C., A.R.S.M., 
technical adviser to the board of directors of Rio Tinto, 
Limited ; Professor A. O. Rankine, O.B.E., chief physi- 
cist, Anglo-Iranian Oil Company, Limited; Professor 
J. A. S. Ritson, D.S.0., O.B.E., M.Inst.M.M., Professor 
of Mining, Royal School of Mines, deputy chairman, Coal 
Commissi6n ; Mr. Stanley Robson, M.Inst.M.M., director 
of Imperial Smelting Corporation, Limited; Mr. Tom 
Steele and Captain Peter Thorneycroft, Members of 
Parliament ; and Mr. R. E. Yeabsley, partner in the firm 
of Hill, Vellacott and Company, chartered accountants. 
The secretary is Mr. W. C. C. Rose, M.Sc., M.Inst.M.M., 
to whom all communications should be addressed, at the 
Ministry of Fuel and Power, 40, Upper Brook-street, 








Laboratory, Teddington, Middlesex. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 

All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom. ................... £3 5 0 
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THE COAL SITUATION. 


Lorp MonkKSWELL, in a commentary on the Gov- 
ernment’s proposals to nationalise the railways, 
quoted on page 124 of this issue of ENGINEERING, 
observes that, unfortunately, this question has been 
regarded as a matter of politics, whereas it should 
have been considered solely as one of economics. 
True as this is of the railways, it is still more pro- 
foundly true of the coal industry, the basis upon 
which rests the whole commercial and industria] life 
of the country, and hence its social life also. 
Hitherto, despite the efforts at enlightenment of a 
knowledgeable and long-sighted few, persistently 
disregarded by the short-sighted many, the great 
mass of the people have chosen either to treat the 
whole problem of the coal industry as just another 
masters v. men dispute, something which it is not 
in their power to influence ; or else they have con- 
sidered it—though, perhaps, “ considered ” is hardly 
the most appropriate word to use—as a controversy 
which will sort itself out somehow without any active 
participation on their part, a matter of the bandying 
of statistics and catchwords, and an occasional 
grumble about rising prices. 

If there has been one item of news in recent weeks, 
however, which should have jerked the nation as a 
whole out of this state of easy somnolence, it is the 
news that the Great Western Railway Company are 
now actively engaged in converting their passenger 
and freight locomotives to burn oil. This is disturb- 
ing enough as a symptom of national economic 
malaise, but when it is followed, as it has been, by a 
Government decision to subsidise, to the tune of l/. a 
ton, the use of fuel oil in industrial power plants, it 
must be regarded as one of the most alarming 
developments that this country has ever had to face 
in time of peace ; because, whatever optimistic views 
the Minister of Fuel and Power may have found it 
politic to express on past occasions, his Ministry is 
in possession of the facts of the case, and such a 
dismal confession of failure shows plainly what they 
think of those facts. If something be required even 
more definite than this obvious deduction, it 
is to be found in the blunt declaration by Sir Guy 
Nott-Bower, Deputy Secretary of the Ministry, that 
“We got through last winter only by the skin of our 
teeth, and now we have a substantially lower stock 
of coal than at this time last year ’’; and the official 
warning which followed it, that this ‘‘may mean 








the closing down of factories for want of fuel and, 
consequently, unemployment and a grave slowing- 
down in the rate of national recovery.” 

The Government statement on the impulse that 
is to be given to industrial conversions of plant from 
coal to oil took the form of a written answer by the 
Chancellor of the Exchequer (Mr. Hugh Dalton) to 
a question put down by Captain W.S. Elliot. After 
consultation with the Minister of Fuel and Power, 
said Mr. Dalton, he had decided to propose in next 
year’s Finance Bill that the import duty of a penny 
a gallon should be removed from heavy fuel oil and 
gas oil; and meanwhile, from October 1, 1946, until 
the duty was removed, a subsidy of 1/1. a ton (which 
represents approximately a penny a gallon) would 
be paid to consumers in this country of such oils, 
whether they were imported or home-produced. 
This concession, he hoped, would afford an appre- 
ciable relief from the higher operating costs of 
oil-burning plant as compared with coal-burning 
plant, and “ would result in conversions from coal 
to oil to the maximum extent possible.” 


A subsequent announcement by the Ministry of 


}| Fuel and Power amplified Mr. Dalton’s reply by 


indicating the nature of the steps that are being 
taken to encourage conversions of plant, in addition 
to the financial inducements offered ; the suggestion 
that such conversions are being made “ temporarily,” 
and only “ where it is clear that this may be done 
with advantage to relieve the present and prospec- 
tive pressure on coal supplies,’ may be discounted 
as an attempt at Governmental face-saving. Every 
assistance will be given, it is stated, to industrialists 
desiring to make the change, “and arrangements 
have been made for ordering in bulk the necessary 
equipment and oil-burning appliances,” so that it 
may be made “as speedily as possible.” The 
regional officers of the Ministry are now “ consulting 
industrial undertakings,” especially the continuous- 
process industries, “from the point of view of 
helping the coal position as much as possible next 
winter”; and “included in the review are those 
cases where conversions could be carried out 
quickly and . . . cases where new plant and equip- 
ment would be required, but where conversion would, 
nevertheless, be desirable in order to help the 
difficult coal position.” It is mentioned that 
“discussions are taking place with the gas and 
electricity industries and the railway companies ” ; 
though whether it is seriously contemplated that 
gasworks should be encouraged to produce oil-gas 
instead of coal-gas, and the electricity industry to 
fire its boilers with oil, or merely to use more oil- 
engined generators, is not stated. The results of 
the “‘ discussions ” with the railway companies are 
already becoming evident. In parenthesis, it may 
be noted that the annual consumptions of the rail- 
ways, the gasworks, and the electricity industry are 
about 15, 21, and 24 million tons, respectively. 

The July issue of the Fuel Efficiency News, issued 
by the Ministry under the xgis of the Fuel Efficiency 
Committee, provides further evidence of the uneasi- 
ness which is now pervading that department. 
‘In order to awaken the nation to a sense of 
urgency of the need for fuel efficiency,” the Com- 
mittee are engaging in “an intensified campaign ”’ 
which is to last ‘“‘ throughout the summer.” The 
campaign was opened by the Minister (Mr. Emanuel 
Shinwell) at Wakefield, on May 24, with a fairly 
familiar dissertation upon the wastefulness of 
industry in the past, the immense scope for further 
savings, etc.; and a curious confession—though, 
presumably, he did not regard it in that light—of 
failure to provide any real solution of the problem, 
in the assertion that “a revolution in coal produc- 
tion and in the methods of coal preparation was 
under way,” though “it would be some time before 
industry could be supplied with the specific grades 
and quantities to which users were accustomed 
before 1939,” and “there could be little doubt 
that the level of fuel prices would be much higher 
than before the war.” Why it should be necessary 
to organise a doubtless expensive “revolution ”’ 
in order to restore, at some indefinitely distant date, 
the supplies to which industry was ‘ accustomed 
before 1939,” was a point which he did not elaborate ; 
nor, it appears, did he dwell upon what some might 
regard as the obvious solution of the whole difficulty 





—to raise more coal by every possible means, even 
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Mineworkers’ Federation, the future welfare of 
whose members is as much at stake as that of any 
other section of the community. 


How accurate is coal production as a barometer 
of the national economic well-being is strikingly 
evident from a few of the general statistics which 
were quoted by Mr. H. Kelway-Bamber, M.V.O., 
in a paper presented to the Institution of Locomotive 
Engineers at a meeting held in London on May 1. 
The subject of the paper was “‘ Coal, and its Post- 
War Carriage on British Railways,” and the figures 
to which we refer were given as part of the author’s 
introductory remarks. Progress in the output of 
coal in Great Britain, he said, was fairly regular 
during the 60 years from 1853 to 1913, commencing 
with 70 million tons a year and reaching a peak 
of 287 million tons in the latter year. During the 
next 30 years the output fell, from 266 million tons in 
1914 to 193 millions in 1944 ; but the estimated out- 
put during 1945 was no more than 180 million tons, a 
reduction of 107 million tons on the 1913 figure. 


The output of 287 million tons in 1913, Mr. 
Kelway-Bamber continued, was only just enough to 
meet the demands for that year, which included 
94 million tons (almost exactly a third of the total) 
for export. Ten years later, the amount exported 
had risen to 98 million tons, or 35 per cent. of the 
somewhat below-peak total output of 276 million 
tons ; but “from that time, both output and export 
fell until, in 1945, the former was, as stated, only 
180 million tons, while exports had practically 
ceased.” Is it to be regarded solely as a coincidence 
that the prosperity of the country was rising 
steadily from 1853 to 1913, that it fell (even after 
allowing for ten years of war) between 1914 and 
1944, and that it was almost as non-existent as the 
coal exports in 1945? There were trade cycles and 
“economic blizzards”’ in between the terminal 
years, of which this very broad generalisation 
takes no account, and some of the influences at 
work were much less direct than others; but it 
does seem that the decline which has afflicted the 
coal industry is symptomatic of a progressive 
weakness that is hardly likely to be overcome by 
such palliatives as the “‘ Summer Campaign ”’ which 
was inaugurated at Wakefield, or the Autumn 
Conference on “ Fuel and the Future” which the 
Ministry of Fuel and Power is to sponsor in October. 
No doubt, they will do some good, for, in the nature 
of things, industry can never be 100 per cent. 
efficient, if only because of the inevitable ageing of 
its equipment ; but national prosperity is not to be 
achieved by cajoling, scaring or even educating coal 
users into using another one or two per cent. less coal, 


The forthcoming conference in London is designed 
“to promote a higher standard of efficiency in the 
employment of all forms of fuel and to 
secure the maximum economy in use in the national 
interest and in the interest of the consumers.”’ The 
present prices of fuels (with the virtual certainty 
that coal and all coal derivatives, at any rate, will 
become still more expensive in the near future) and 
the lack of assurance regarding sufficient supplies 
already provide the strongest possible inducement to 
promote efficiency ; and ‘‘ maximum economy ”’ is 
a misnomer for the perpetuation of a war-time 
restriction in what should be a time of peace and 
plenty. The Ministry’s departmental hands are 
held up in pained surprise, apparently, because 
“even compared with a year ago, gas consumption 
is up by 13 per cent. and electricity by nearly 
5 per cent.” Prepayment consumers, it is stated, 
are now using over 30 per cent. more gas, and the 
total domestic consumption of electricity has 
increased by about 75 per cent., compared with the 
pre-war figures. These are perfectly natural in- 
creases, more than covered by the reductions in coal 
exports and ships’ bunker supplies, and by no 
means to be deplored. The plain fact is that, if 
absenteeism in the mines could be halved, even 
without any increase in the output per man-shift, 
the problem would cease to exist. The export 
market for coal would still be lost, but at least 
industry would be able to plan confidently for the 
export markets in manufactured goods. At present, 
these are in imminent danger of following the 


SRS EMER ONS 


ENGINEERING AS A 
CAREER. 


‘“* WHILE the numbers of lawyers, physicians and 
clergymen per million population have either re- 
mained stationary or diminished, the numbers of 
engineers per million population have greatly in- 
creased.” This statement is quoted from a recent 
American book* on engineering education. It 
applies to the United States, but it is possible that 
it might be extended to cover Great Britain. The 
accuracy of the dictum naturally depends on the 
meaning given to the term “‘engineer.”” Events of 
recent years have familiarised readers of the daily 
Press with “‘ women engineers” ; these were mainly 
engaged on repetition machinery or assembly opera- 
tions. It may be assumed, however, that when Mr. 
Williams, who was formerly Dean of the College of 
Engineering at the University of Iowa, refers to 
engineers he means engineers in the professional 
sense. Some evidence bearing on the position in 
Great Britain was furnished by the statement in the 
recent report of the Committee on Scientific Man- 
Power that “‘ engineering and related technologies 

. accounted for roughly 40 per cent. as many 
university students as the pure science schools.” 
This not very clear expression presumably means 
that the number of engineering students was 40 per 
cent. greater than the number of pure science 
students. 

The main recommendation contained in the 
Scientific Man-Power Report was that university 
accommodation should be doubled and a step in the 
direction of such a consummation has been taken by 
the Treasury in increasing the exchequer grant to 
universities from the pre-war total of 2,000,000/. to 
9,000,000. At the same time, the terms of refer- 
ence of the University Grants Committee have been 
considerably extended and they are now required to 
assist in “the preparation and execution of such 
plans for the development of the universities as may 
from time to time be required.” As the increased 
university grant includes a sum for capital expendi- 
ture, which has not been covered previously, it is 
probable that schemes for considerable university 
expansion may be put in hand when the immedi- 
ately-pressing probléms facing the building and 
constructional industries are nearer solution. 

With increase in the university population, the 
question of the quality of that population becomes 
of growing importance. The Scientific Man-Power 
Committee said that ‘“‘ only about one in five of the 
boys and girls, who have intelligence equal to the 
best half of the university students, actually reach 
the universities.” The evidence, on which this 
statement is based, is not extensive, but taking it at 
its face value, it may be assumed that suitable 
human material is available to take proper advan- 
tage of greatly extended university accommodation. 
The committee were not specifically concerned with 
engineering education and their remark covers all 
faculties, scientific and humanistic, but from the 
point of view of the engineering profession the par- 
ticular type of intellectual capacity possessed by 
the majority with innate ability of university stan- 
dard is of importance. 

It is difficult to say whether such a thing as a 
definite engineering mentality actually exists. Mr. 
Williams apparently does not think so, as he states 
that ‘‘ most people of ability and character do at 
least fairly well whatever their job.”” The opposite 
point of view appears to be taken by Mr. V. J. 
Wilmoth, who deals with the subject of engineering 
education in another recent book.t He refers to the 
difficulty of choosing a career ‘‘ which possesses 
interest not only when we first go into it but also a 
continuing interest which will remain with us until 
we retire.” The truth of the matter appears to be 
that although there is no such thing as an engineer- 
ing mentality there is definitely such a thing as a 
scientific one. Mr. Williams suggests that there are 





* Building an Engineering Career. By Clement C. 
Williams. Second Edition. McGraw-Hill Publishing 
Company, Limited, Aldwyeh House, Aldwych, London, 
W.C.2. [Price 15s. net.] 

t Civil Engineering. A Career. By Victor J. Wil- 
moth, B.A. (Cantab.). Lomax, Erskine and Company, 
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quantitative minds and qualitative minds. Engin- 
eers should be selected from the former type, 
actors and lawyers from the latter. This broad 
definition is probably as near as it is possible to get 
in the segregation of mental aptitudes. _Distin- 
guished engineers are not markedly different from dis- 
tinguished physicists or chemists, and there are many 
prominent men in the latter classes who would 
clearly be equally prominent engineers had chance 
or circumstance directed them to the engineering 
field. 

The future careers of many boys leaving school 
are determined by circumstances having little rela- 
tion to their particular mental capacity. They 
follow the same business as their fathers, or enter one 
in which friends of the family are able to exercise 
influence. This state of affairs was at one time 
probably universal, but modern educational facilities 
have tended to widen the sphere of choice. Youths 
who proceed to a university have at least three years 
in which to consider their future, and although most 
students who take an engineering course enter some 
sphere of engineering, as the records of the Whit- 
worth Society show, the general training in scientific 
method which they receive enables them, if their 
interests so determine, to change their life’s aim ; 
Sir J. J. Thomson began as an engineering student 
at Owens College. 

Although it may be accepted that anyone with 
what Mr. Williams calls a quantitative mind may 
make a satisfactory engineer, if not necessarily an 
eminent one, it is clearly desirable that if he is to 
become an engineer his higher education should 
be directed to that end from the first. It is pro- 
verbial that many young boys think they would like 
to be engine-drivers, although possibly this early 
enthusiasm may now tend to take an aeronautical 
trend, but immature notions of this kind probably 
have little influence when student age is reached, 
and by the time he is to proceed to a university it 
will probably have become clear, both to a boy and 
his parents, whether his interests are predominantly 
scientific or not. If they are, he still has a wide 
choice of possible careers. Decision will frequently 
be determined by family tradition and interests, but 
where there is no controlling influence the fact that 
engineering is a growing field with ever-widening 
ramifications may dictate it as a desirable choice. 

If a student is to study engineering at a university, 
it is not necessary, from an educational point of 
view, that he should determine initially what broad 
branch of the profession he is to follow, but, particu- 
larly under present conditions, there may be 
pressure from the college authorities forcing him 
to do so. The purpose of the two books which have 
been quoted is to enable him to make a choice. 
Both deal with the conditions, prospects and emolu- 
ments of branches of the engineering profession, 
and should be of assistance to a student in deter- 
mining what particular sphere of work appears to 
offer the greatest attractions. Mr. Wilmoth is 
concerned only with civil engineering. He gives 
clear descriptions of the various types of civil- 
engineering activity and the methods by which a 
young man may hope to get a start in one of them. 
The work of consultants, engineering contractors, 
municipal engineers, and the openings in Govern- 
ment departments and abroad, are dealt with. It is 
realised that, although some specific sphere of work 
may appear to offer particular attractions, a beginner 
may find that he will not be able to exercise a 
choice. ‘‘ Getting a job is far harder than keeping 
one 2 and “‘ if you are offered a job, unless it is very 
unsuitable, my advice is to take it.” 

Mr. Williams covers a much wider field, and the 
better to illustrate the extent and variety of the 
choice lying before an engineering student, devotes 
about half his volume to descriptions of the develop- 
ment of the various branches of engineering under 
such heads as materials and structures, electrical 
energy, transportation, etc. He gives much advice 
to the student about methods of study, the taking 
of lecture notes, and the use of libraries and technical 
literature. It is emphasised, however, that ‘‘ reading 
is not study” and insisted that a student must 
properly understand and be able to apply all that 
he learns. There is no doubt about the accuracy of 
the statement, that the way to pass examinations is 
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NOTES. 


ATMOSPHERIC POLLUTION FROM GENERATING 
STATIONS. 


On May 28, 1946, the Housing and Public Health 
Committee of the London County Council informed 
the Electricity Commissioners that, in order to 
obviate any appreciable increase in atmospheric 
pollution, they considered that conditions should 
be imposed as regards flue-gas washing at the 
generating station which the Poplar Borough Coun- 
cil propose to erect at Brunswick Wharf. In a 
report, which was presented at the meeting of the 
London County Council on Tuesday, July 30, it is 
stated that the Commissioners have replied that, 
after discussion with the Ministry of Health, the 
Ministry of Works and the Government Chemist, 
it has been agreed that gas-washing plant shall not 
be installed at new stations unless operating condi- 
tions show it to be necessary. It is added that in 
any case it would not be desirable at present to 
require the installation of the system imposed at 
Fulham in 1935 in view of the experiments which 
are now taking place and the possibility of improve- 
ments being introduced. Any consent to the erec- 
tion of a new station at Poplar will, however, include 
conditions requiring the installation of the best 
known methods of eliminating grit and smoke and 
laying down that the design shall be such as to 
permit the installation of gas-washing plant at a later 
date. Provision would also be made whereby the 
Council or any other responsible body can show 
cause within, say, five years why gas washing should 
be installed. The Housing and Public Health Com- 
mittee are not, however, satisfied with this reply, 
and therefore propose that the London County 
Council, in collaboration with the Poplar Council, 
should ask the Minister of Health to set up an 
independent body to inquire into the question of 
the discharge of sulphur and its compounds into the 
air from installations consuming large quantities of 
coal, and as to the best measures which can be 
taken to extract sulphur and its compounds from 
flue gases. The formal objection to the erection of 
the new generating station has been withdrawn 
without prejudice to the Council’s expressed views 
in favour of efficient gas-washing’” plant. 


CENTENARY OF JOHN OWENS. 


The names of few Manchester men will be remem- 
bered longer than that of John Owens, who, at his 
death, left a sum of 96,6541. 4s. 6d. to provide for 
the instruction of young persons in such branches of 
learning and science as were and might be taught 
in English universities, making it a stipulation that 
there was to be no test whatsoever of the religious 
opinions of either staff or students. Owens died 
on July 29, 1846, and a centenary tribute was paid 
to him in the Manchester Guardian of July 27 last. 
His father, Owen Owens, had died in 1844, at the 
age of 80, but he himself was but 55. He had 
extended his father’s business of a furrier and 
hat-lining manufacturer and had launched out in 
other ventures. Simple in -habits and diligent in 
business, he remained a somewhat shy and reserved 
bachelor. His greatest friend was George Faulkner, 
his opposite in many ways, and it was Faulkner 
who, refusing to be named as Owens’s heir, prevailed 
upon him to leave his fortune as he did. Faulkner, 
till his death in 1862, also played a leading part 
in the foundation of Owens College, opened in 1851 
in the old house of Richard Cobden. The new 
institution had its ups and downs; by 1857, its 
day students had dwindled to 33, and it was spoken 
of as “‘a mortifying failure.” With the appoint- 
ment of J. G. Greenwood as principal and Henry 
Roscoe as professor of chemistry, the fortunes of 
the college took a new turn. Frankland had already 
made the chemistry department the most popular, 
and among the teaching staff in Roscoe’s time were 
Schorlemmer, Guthrie, Dittmar, Thorpe, Muir, 
Bedson, and Smithells. The engineering depart- 
ment, founded through the efforts of Manchester 
engineers, such as Whitworth, Fairbairn, C. F. 
Beyer and John Robinson, was opened in 1868 
under Osborne Reynolds, and its opening coincided 
with the founding of the Whitworth Scholarships 
and Exhibitions, eight of the latter being reserved 
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for Owens College students. The new college 
buildings, opened in 1873, now form a part of the 
Victoria University of Manchester, with its 3,000 
students. As Mr. A. Redford says, in his article 
in the Manchester Guardian, “‘ The early history of 
Owens College will doubtless call for extended 
review in 1951, when the centenary of the Founda- 
tion is celebrated.” 


THE REHABILITATION OF ELECTRICAL MANv- 
FACTURING. 

Speaking at the annual general meeting of the 
General Electric Company, Limited, which was held 
at Magnet House, Kingsway, London, W.C.2, on 
Thursday, July 25, Sir Harry Railing said that in 
dealing with our post-war problems it was first 
necessary to increase the total output from each 
person working in each industry, and from the 
country as a whole. Secondly, we must concentrate 
on what was immediately necessary and possible, 
whatever our long-term aims might be. The simul- 
taneous impact of all the pressing post-war questions 
and unavoidable uncertainties on both industry 
and the country was insufficiently realised by most 
people ; neither was it appreciated that the problems 
which faced us as an aftermath of war must not 
be increased by the addition of ideological readjust- 
ments which were not absolutely essential. These 
complicated and unsettled still further the already 
overburdened post-war national and industrial 
planning programmes, and with the existing adminis- 
trative, technical and supervisory human material, 
they could not possibly be carried out simultaneously 
in an efficient manner. Any industry and any 
country failed in its duty if it tried to tackle too 
many problems for theoretical or political reasons 
without having the means from the practical pro- 
duction point of view to do justice to them all 
simultaneously. He felt that there were limits 
beyond which they must not be asked to go, and 
especially that they could not afford the withdrawal 
of further manpower in skilled administrators, 
technicians and employees for experiments which 
were not absolutely essential at this juncture. 
They should be given the chance of solving some 
of the problems which must be solved without delay 
and with the manpower available, firstly, in order 
to live; secondly, to maintain the standard of 
living; and thirdly, to advance. They were now 
faced with a large demand for goods, both at home 
and abroad, over the whole range of the company’s 
field. They were, however, limited in their pro- 
duction by the supply of raw materials and by 
shortage of all types of labour. One of their greatest 
difficulties was to obtain permits for the extensions 
which were necessary to balance or modernise pro- 
duction. All these combined to restrict the output 
of their works and of industry as a whole. 


THE CUMBERLAND DEVELOPMENT AREA. 


In the House of Commons, on July 29, attention 
was drawn by Sir Ian Fraser, Member for the 
Lonsdale Division, and by Mr. W. Monslow, Member 
for Barrow-in-Furness, to the situation of these 
districts in relation to the West Cumberland develop- 
ment area. Both members were apprehensive of a 
serious increase in unemployment and made urgent 
representations to the President of the Board of 
Trade for the inclusion of their constituencies with 
the adjoining Cumberland district. Sir Ian Fraser 
pointed out that employment in that district de- 
pended largely upon the heavy industries of Barrow, 
but although the President of the Board of Trade 
had been asked to merge the Furness district with 
West Cumberland, the request was refused on the 
ground that unemployment was small. Sir Ian 
feared that serious unemployment would arise if 
the heavy industries received a setback. If the 
Government waited until such a setback occurred, 
it would then be too late to declare the district a 
development area, as it would take two or three 
years to introduce alternative light industries. He 
asked that the Minister should include the district 
with West Cumberland now, and also study ways 
of encouraging the few remaining rural industries. 
Mr. Monslow emphasised the unbalanced economy 
of the Furness district and that employment, was 
in fact, entirely dependent on heavy industry, and 
notably on the works of Vickers-Armstrongs 
Limited. About 1,500 women, employed in ship- 








building and engineering during the war, were now 
unemployed, but firms who had sought factory 
space in Barrow found that, as the Barrow Develop- 
ment Committee were unable to grant development 
rights, they could not be accommodated. In reply, 
Mr. Marquand (Secretary of the Department of 
Overseas Trade) said that a factory built at Ulvers- 
ton during the war had been allocated to Messrs. 
G. C. Wade and Company, who hoped to employ 
1,000 persons on bicycle manufacture. Two firms 
in Ulverston were planning extensions and other 
firms were showing considerable interest in the 
district, due to the available labour. Mr. Marquand 
observed that, while Barrow and its neighbouring 
towns were not in a development area, this would 
not prevent the Board of Trade from recommending 
the granting of licences to suitable employers for 
building factories. Mr. Marquand saw no reason to 
expect extensive unemployment in the district ; it 
appeared that there might be a shortage rather 
than a surplus of male labour in the area. The 
Board of Trade were striving to increase the number 
of industries in the area, and especially to bring in 
firms who would employ female labour. 
Krneston-vpon-Hvutit Evectrriciry SUPPLY. 
In view of its geographical position, it is not sur- 
prising that the city of Hull suffered severely during 
the war and that much property was destroyed. 
These circumstances must make it a matter of parti- 
cular satisfaction to the Electricity Department that 
at no time was there a general failure of supply, 
although in isolated cases individual consumers were 
cut off for some hours. The situation which had to 
be faced at times is indicated by the fact that 124 
high-explosive bombs burst within a half-mile radius 
of the power station. Air-raid damage was caused 
to 55 substations, and section pillars, and distribu- 
tion cables were damaged at 425 points; 4,500 
dangerous damaged cables had to be removed. By 
good fortune, the power station at no time received 
a direct hit, although a timber cooling tower was 
damaged by a small bomb. At 2.53 a.m. on March 
19, 1941, a bomb severed the cables connecting to 
the grid system. Only one machine was running at 
the time, and owing to a defect due to wear of the 
governor mechanism this became unstable, resulting 
in considerable electrical disturbance at the height 
of the raid. The situation was, however, success- 
fully dealt with by the engineers in charge and no 
permanent damage ensued. During the difficult 
six years from March 31, 1939 to March 31, 1946, the 
number of units sold to consumers increased from 
232 million to 280 million, the average price rising 
from 0-924d. to 1-014d. per unit. In his annual 
report covering the year 1945-46, Mr. D. Bellamy, 
the general manager, points out that it marks the 
beginning of a period of rehabilitation, which will 
cover a major power-plant extension and consider- 
able development of the transmission and distribu- 
tion systems. An expenditure of 1,500,000/. has 
already been approved for this work. The extension 
to the Sculcoates generating station includes a 
30,000-kW turbo-alternator, two 190,000-lb. boilers, 
and a 2-5-million gallon per hour cooling tower. This 
plant is expected to be in operation in time for next 
winter’s load. As the present installed capacity is 
94,000 kW, and as the maximum demand on the 
generators in 1945-46 was 81,060 kW, there is 
evidently little spare plant in hand. The installed 
capacity has fallen by 3,000 kW since 1938-39 and 
the local demand has evidently been met by curtail- 
ing supplies to the grid. The units exported to the 
Central Electricity Board were 84 per cent. less in 
1945-46 than in 1938-39. During the same period 
the thermal efficiency of the station decreased from 
20-94 per cent. to 19-40 per cent. This effect, no 
doubt, was partly due to the difficult conditions and 
the necessity for deferring desirable maintenance 
work, but, as in other cases, unsatisfactory fuel was 
probably a major cause. As at a time when the 
weekly fuel consumption was 5,800 tons, the stock 
fell at one time to 6,000 tons, it was necessary to 
accept whatever fuel was offered. Compared with 
the beginning of the six-year period, the weight of 
fuel burnt per unit generated increased by 10-64 per 
cent. The average price of the unsatisfactory 
material was 37s. 2d. per ton, as against 18s. per ton 
for satisfactory coal in 1939. The total fuel cost 
increased by 116-62 per cent. Under these difficult 





136 








ENGINEERING. 





conditions the average price per unit sold to con- 
sumers increased by only 9-7 per cent., the figures for 
the two years 1939 and 1946, as already quoted, 
being 0-924d. and 1-014d. As, in addition to the 
serious rise in the price of coal, the cost of materials 
rose by 62 per cent. and of labour by 47 per cent., 
this very moderate increase in selling price is a 
matter for congratulation to the officers of the under- 
taking. 





LETTER TO THE EDITOR. 


ATTRACTING THE APPRENTICE. 
To THE Eprror oF ENGINEERING. 


Smr,—The choosing of a trade is not so seriously 
considered nowadays as it was in earlier years, and 
the result of this unfortunate feature is becoming 
painfully apparent in the number of young men 
one observes who are but indifferently equipped 
for the work they have undertaken. General 
education, it is true, has greatly advanced, and 
there is a more thorough system of preliminary 
training than in the past; but it is doubtful if 
sufficient attention is devoted to the training for 
the course of a career in any of our trades. In the 
opinion of many, the practical abolition of the old 
system of apprenticeship, which was more general 
in character than the prevailing one, is a misfortune, 
the present short courses of apprenticeship making 
it impossible for an apprentice to acquire a general 
knowledge of every section of a trade, in consequence 
of which he must confine his energies to one parti- 
cular section in order to become competent. 

The prime factor in the choice of a trade should 
be personal taste or inclination. Unfortunately, the 
natural inclination is frequently ignored, with the 
probable result that a man who might have been a 
successful engineer is discontentedly pursuing some 
trade entirely opposed to his tastes: the round peg 
in the square hole. There are certain occasions, 
of course, when it is good judgment not to follow 
the natural inclination but to perpetuate the trade 
or business of the family, and in such cases “‘ follow- 
ing in father’s footsteps ” is a commendable venture. 
A fault to avoid is the failure to consider that very 
often there is a changing condition in trades, and 
that a trade which may have been flourishing and 
profitable some years ago may be in danger of 
being superseded by some form of mechanical 
contrivance. We have heard, for instance, of 
parents, even in recent years, having had their sons 
apprenticed to wood-engraving, an occupation prac- 
tically extinct, and who had not taken the trouble 
to find out that this class of engraving was being 
displaced by a cheap form of photo-etching. 

We are often guided by the tendency which the 
boy shows sometimes before leaving school. 
may be deeply interested in engineering, and 
demonstrate this by his preference for anything 
mechanical ; he may show an aptitude for wood- 
working. There is nearly always apparent, at any 
rate, an instinct to follow a certain occupation. 
Some boys show no predilection for any particular 
trade ; they listlessly fall in with parental sugges- 
tion, instead of endeavouring to assist in deciding 
their future. Unfortunately, in many cases choice 
is out of the question, and circumstances decide. 

An occupation having been chosen for the boy, 
a question of equal importance, the means of 
obtaining success, should next be considered, and 
no stone should be left unturned, no opportunity 
unappropriated, in the effort to equip him for his 
business in life. He should have every opportunity 
afforded him to exercise his desire to do the work 
allotted to him, because, after all, environment is 
the most important factor in one’s destiny. 

Yours faithfully, 
C. E. Dorriry. 

3, Kirkwood-street, 

Ibrox, Glasgow. 

July 31, 1946. 

[We are inclined to doubt whether the aptitudes of 
the schoolboy are any better guides to the selection 
of an occupation than the ability of the parent to 
introduce him into one. The problem hardly arises 


if a youth has a genuine “desire to do the work 
allotted to him” ; he will make his own opportunities. 
—Ep., E.] 
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OBITUARY. 


SIR FRANCIS CARNEGIE, C.B.E. 


Ir is with much regret that we have learned of 
the death, on August 3, at his home in Blackheath, 
of Sir Francis Carnegie, formerly Chief Superinten- 
dent of Ordnance Factories, Woolwich Arsenal. 
Sir Francis, who retired in 1944, had been responsible 
for a very extensive re-organisation of the power 
supply throughout the Royal Arsenal, which 
undoubtedly contributed greatly towards its readi- 
ness for the expansion of output necessitated first, 
by the rearmament programme, and then by the 
outbreak of war in 1939. 

Francis Carnegie was of Scottish parentage and 
upbringing, and was born on February 10, 1874, 
at Aberdeen, where he received his general education 
at St. Clement’s School. His practical engineering 
training consisted of a five-years’ pupilage in London, 
divided between the electrical engineering firm of 
Croggan and Company, in 1889-90, and the Farring- 
don Works of Messrs. Pontifex and Wood, brewers’ 
engineers, where he was engaged on the construction 
of steam machinery, pumping and refrigerating 
plant, and structural steelwork from 1890 to 1893. 
Between 1890 and 1900, he attended technical 
classes at the East London College (now Queen 
Mary College, London University) under the late 
Professor D. A. Low, and, subsequently, at Woolwich 
Polytechnic. For a short time in 1893-4, he was 
employed by Maudslay, Sons and Field, Limited, 
in their marine-engine works at Lambeth, but 
returned to the Farringdon Works, where he 
remained for a further two years. 

In 1896, Carnegie was appointed to the staff of 
the Royal Gun Factory at Woolwich, under Colonel 
H. C. L. Holden, F.R.S., where he was engaged on 
the design of special-purpose tools and on experi- 
mental work. Three years later, he was trans- 
ferred to the Chief Mechanical Engineer’s depart- 
ment, where he served as a junior assistant to 
Sir Frederick Donaldson, then C.M.E., and his two 
chief assistants, Dr. H. T. Ashton and Mr. R. D. T. 
Heap—the latter of whom was, after his retirement, 
on the board of directors of ENGINEERING for a 
number of years. During this period, Carnegie 
continued to be employed largely on experimental 
work and the design of new plant, until in 1904 
he was appointed shop manager in the Royal 
Laboratory at Woolwich, in connection with the 
small-arms and quick-firing cartridge factories. 
The duties of this post included also the develop- 
ment work on the experimental range and led, in 
1906, to his transfer to the Royal Small Arms 
Factory at Enfield Lock, in a similar capacity. 
His work in these posts, and as manager from 1908, 
rovided much of the material for the paper on 
“The Vibration of Rifle Barrels,” for which the 
Institution of Civil Engineers (to which he was 
elected as an associate-member in 1903) awarded 
him a Telford Premium in 1913. He was trans- 
ferred to the grade of Member in the same year. 

In 1916, Carnegie was promoted to Assistant 
Superintendent at Enfield, succeeding to the post 
of Superintendent five years later. A year after his 
appointment to the latter post, he returned to 
Woolwich as Chief Mechanical Engineer and, in 
1926, became Chief Superintendent, retaining this 
position until his retirement in 1944. Some of the 
changes which he introduced in the engineering 
department of the Royal Arsenal were recorded in 
his paper on “The Economical Production and 
Distribution of Steam in Large Factories,” read 
before the Institution of Mechanical Engineers in 
1930, but they were actually much more extensive 
than this title indicated, for he was instrumental 
in the modernisation of a great part of the mechanical 
equipment throughout the Arsenal. His membership 
of the Institution of Mechanical Engineers dated 
from 1901 as associate-member and 1905 as member, 
and since his retirement he had served for some 
years as a member of the Benevolent Fund Commit- 
tee of the Institution. He received the C.B.E. in 
1925 and his knighthood in 1939. He was a 
member of the Maudslay Society and delivered a 
commemorative oration at the service, held at 
Woolwich parish church in 1931, to mark the 
centenary of the death of Henry Maudslay. 
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THE LOCATION OF UNDERGROUND 
SERVICES. 


In April, 1945, a Joint Committee was appointed by 
the Institution of Civil Engineers and the Institution of 
Municipal and County Engineers in co-operation with 
the Institutions of Electrical and Gas Engineers and the 
Engineer-in-Chief, of the Post Office, to draw up notes 
for the use of engineers on the best location of under- 
ground services. This Committee was joined later by 
representatives of the Institution of Water Engineers, 
the British Waterworks Association and the Ministries 
of Health, War Transport and Fuel and Power, and met 
under the chairmanship of Mr. W. H. Morgan, C.B.E., 
D.S.0. They have now issued their report, which is pub- 
lished by the Institution of Civil Engineers, Great George- 
street, London, S.W.1, at the price of 6d., post free. 

In an introduction it is pointed out that the coming 
decade will see a large-scale re-development of “* blitzed” 
and “ blighted ” areas in the built-up parts of existing 
towns, a development of the outskirts of existing towns, 
and the construction of new towns. It seems, there- 
fore, an opportune time to introduce an agreed method 
for dealing with the location of underground services. 
The report deals primarily with the location of these 
services in urban areas, existing or new, or in those 
which will be largely replanned, either because the area 
has been blitzed or is ripe for re-development. The 
principal utility services considered were electricity, 
gas, water, telecommunications, public lighting and 
sewers. District heating may be a development in the 
future, but its concentration, bulk and need for heat 
insulation indicates that provision for it in a conduit 
situated beneath the verge or carriageway will be 
necessary. 

Hitherto there has been no general standard adopted 
for the location of the various services. While in some 
areas agreement has been reached on the order in which 
the mains should be laid, the order is not universal and 
varies from district to district, while in many areas 
there is no particular order at all. This was illustrated 
by the answers received to a questionnaire circulated 
to a number of representative authorities. The replies 
showed that, so far as service mains were concerned, 
13 authorities had no particular standard, either for the 
order or depth of the mains. In nine cases the gas main 
was nearest to the building line, in ten cases the elec- 
tricity main was nearest, in one case the water main 
occupied this position, and in five cases the G.P.O. mains 
were nearest. The reason for adopting the different 
positions varied. Similar differences were revealed 
with regard to the depth at which the mains were laid. 
For example, gas mains varied in depth from 1 ft. 6 in 
to 2 ft. 6in. under the footpaths and between 2 ft. 6 in. 
and 3 ft. 6 in. where they were situated under the 
carriageway. It was also ascertained that in a great 
majority of towns there were no recognised positions 
for trunk mains and through services. In dual carriage- 
way roads, however, they were frequently laid in the 
central reservation. About 50 per cent. of the replies 
indicated that there were no standards with regard to 
the location of sewers, but that generally they were 
situated under the carriageway although some authori- 
ties preferred them under the verges or footways where 
these were sufficiently wide, i.¢., 15 ft. or over. 

In only four of the replies received was it stated that 
there was a joint committee which met regularly to con- 
sider the location of services, but the local authority 
engineer was usually responsible for co-ordinating the 
work and getting agreement between the various under- 
takings. Experience has shown that the facilities 
required by the different utility organisations in order 
to enable them to supply services to houses and to 
maintain the services after they have been installed, 
vary, and that such facilities can best be provided as a 
whole when the services are laid in a particular order. 
It is accordingly desirable that such an order should be 
generally adopted. Further, while public utilities have 
the right to lay their mains and services under the high- 
ways, it is very desirable that their location should be 
such as to minimise interference with traffic. They 
should accordingly be laid whenever possible under the 
footway or verge and not under the carriageway, as this 
causes inconvenience when repairs are carried out or 
new mains laid, and interference with carriageway 
foundations when trenching is necessary. , 

In making their recommendations the Committee 
assume that in new towns and in road improvements in 
existing towns, adequate footway and verge accom- 
modation will be provided and that the extension of 
buildings under footways will be discouraged. Local 
distribution requirements may be closely defined 
for most of the streets in any town, and, in general, 
a width of not less than 10 ft. 6 in. on both sides 
of the street provides for an orderly disposition of 
distribution mains and services. In new estates or less 
densely developed areas in existing towns, it is possible 
to arrange for the location of the services required within 
a width of 6 ft. This dimension is not, however, recom- 
mended as it limits the space available for carrying out 





repairs and also makes it necessary to lay communica- 
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tion pipes across the street when only one main is laid. 
For these reasons, therefore, it is recommended that, so 
far as possible, a dimension of 10 ft. 6 in. (exclusive of 
any underground encroachment) should be provided 
for the accommodation of services. A definite order 
and level for the equipment should also be established. 
It is therefore recommended that the mains should be 
laid in the following order from the highway boundary 
to the kerb-line :—{nearest the boundary) electricity, 
gas, water, and (nearest to the kerb) telecommunica- 
tions. 

The cover required above the various mains ranges 
from 14 in. for telecommunications to 3 ft. for water. 
Where lighting standards are provided, they should 
be erected between the telecommunication mains and 
the kerb line with a clearance of 18 in. from the latter. 
Provision must be made for link disconnecting boxes 
and jointing pits in electricity and telecommunication 
systems, for valves and hydrants in the water system, 
and for syphon pipes in the gas system. Pipe runs 
must be maintained at an even level and fad on 
and reasonable space allowed for each utility to be 
excavated without interfering with the others. In 
electricity systems a conduit system is often used in 
the centres of cities and congested places, but in other 
situations cables are usually laid directly in the ground. 
Electricity and telecommunications require increased 
cover when placed beneath carriageways. At road 
crossings, where it is desirable that the gas and water 
mains should not have to vary from the general levels, 
it is well within the compass of the electricity system 
to facilitate conditions for the gas and water systems 
by making the crossing in conduit at the deeper levels. 
A certain amount of flexibility is possible also in the 
dispositions of these crossings and in the siting of pits 
and link boxes. At all road junctions it is recom- 
mended that pipes and ducts should be laid before the 
road is constructed, if in advance of the laying 
of the mains and services which will eventually be 
provided. In new housing estates it is suggested that, 
where practicable, mains should be laid on both sides 
of _ road. 

uirements of transmission and trunk mains 
are pt it to forecast in detail, but these mains are 
only likely to be laid in a small proportion of streets 
and these will not always be the main streets; the 
allocation of space for, and the disposition of, the 
different mains are best left to be decided locally when 
the needs are first foreseen. These needs arise at less 
frequent intervals than with distribution mains, and it 
is not possible to make any general recommendation 
regarding their spacing and order owing to the wide 
variations in their sizes. It is, however, recommended 
that in deciding on the route to be followed by trunk 
mains in redeveloped or newly developed areas, careful 
consideration should be given to the possibility of 
siting them under roads which are of minor traffic 
value, if the major traffic routes do not permit of the 
mains being laid under the footways, verges or a 
central reservation. Where mains are carried over 
bridges, it is desirable that, so far as is ticable, 
they should be accommodated in pipe bays under the foot- 
ways, and for the purpose of design, it is necessary to 
ebtain from the various statutory authorities the 
extent of their requirements. 

From time to time it has been advocated that in 
streets carrying heavy traffic in the centres of towns, sub- 
ways should be constructed to accommodate statutory 
authorities’ mains so as to facilitate access to the mains 
for the purpose of maintenance and repair, and to 
avoid the necessity for repeated disturbances of the 
road surface and foundations and the heavy cost and 
great inconvenience occasioned thereby. To achieve 
these objects subways would require to comply with 
certain standards as regards general layout, design, 
construction and use. It would, for instance, be 
necessary for a subway to be constructed on each side 
of the street with cross connections, and located so as 
to be as close as practicable to the adjacent buildings. 
In the design of the actual subway chambers, special 
attention would have to be paid to the provision of 
adequate working space for the introduction of pipes 
into the chambers and the laying and execution of 
repairs to mains when in their final positions, and to 
such additional accommodation as the various utilities 
might require for future installations. Such matters 
as ventilation, drainage, lighting and the provision of 
bulkheads for sealing off sections in the event of 
flooding or fire would also require special attention. 

The principal advantages which a well-designed 
subway system would have over the normal method 
of laying mains include :—(1) easier inspection of plant, 
with a consequent longer life and a reduction in the 
number of breakdowns ; (2) greater facilities for some 
repairs; (3) possibility of progressive installation of 
plant ; (4) minimising the number of openings up of 
road and elimination of the effect of such openings 
upon road surfaces and foundations ; and (5) reduced 
space occupied by mains in subways where width of 
footway or verge is limited. The principal disadvan- 
tages include :—(1), high capital cost of construction ; 





(2) damage or breakdown of one service more likely 
to affect other services, such as leakage of gas, fusing 
of electric cables, flooding from water mains, etc. ; 
(3) difficulty of keeping subways drained ; (4) greater 
difficulties for some repairs, such as replacement of gas 
and water mains; (5) difficulties in the connection of 
some services to mains which would be deeper than if 
laid in the ground ; (6) legal and statutory restrictions 
on enforcing the use of subways ; and (7) a substantial 
reduction in the load-carrying capacity of electricity 
cables when they are laid in subways on account of 
their higher ambient temperature. Most of the public- 
utility authorities concerned do not favour subways, 
while the Supply Regulations for electricity are against 
the use in common of space in constructions beneath 
the highways. Taking all points into consideration, 
and in view of the fact that the Report of the Depart- 
mental Committee of the Ministry of War Transport on 
the “‘ Design and layout of roads in built-up areas,” is 
recommending much wider footways and verges, we 
consider the provision of subways should be confined 
to crossings under the carriageway at major traffic 
intersections, except in very special circumstances. 

Sewers cannot be made to conform to rules of location, 
either horizontally or vertically, in the same way as is 
possible for other services as they are constructed 
(except those of large size) in straight lines between 
manholes which are provided at each change of direc- 
tion. Consequently, the distance of the sewer from 
the centre of the road varies according to the changes 
in the alignment of the latter, and the sewer may cross 
and re-cross the entire width of the carriageway and 
even the footways and verges. Furthermore, sewers 
must be laid to uniform gradients between manholes, 
and the depth, which may have no regard to loca] sur- 
face levels, has to conform to the design of the system 
as a whole. Local deviations in line or level are not, 
therefore, usually possible, and where there is any conflict 
with other services sewers must generally have priority 
of position. It is consequently desirable that sewers 
should be located clear of the reservations to be allowed 
in footways and verges for these other services, and 
in most roads the normal position for the sewer should 
be in the carriageway. There are, however, exceptions 
to this general case. As properly constructed sewers 
rarely require to be uncovered after they have been laid, 
objections to the laying of sewers under roadways because 
of interference caused by repair works need only to be 
considered in relation to the more important highways. 

The depth of sewers has to conform to the design 
of the system as a whole and there is usually not very 
much margin available in the choice of levels. It may, 
however, generally be assumed that sewers are laid to 
a greater depth than other services, which will normally 
be located between the sewers and the ies they 
serve. The minimum depth of the sewer should, there- 
fore, always be selected to make it possible to lay the 
branch connections satisfactorily without interference 
with those services. 

Where a sewer is laid in the carri y, the total 
length of pipe beneath the paved surface is increased 
very considerably by branch connections. This should 
prove no great disadvantage once the branches have 
been connected because, like the sewer itself, they would 
require to be opened on very rare occaions. In many 
cases, however, connections to sewers would have to 
be made after the construction of the roadway had been 
completed, and in certain conditions the duplication of 
sewers may be justified. An example may sometimes 
be found in important main roads where interference 
with traffic and damage to paved surfaces are minimised 
by duplication of sewers. So far as the highway is con- 
cerned the maximum advantage to be obtained by 
duplication is not gained unless the sewers are located 
completely off the carriageway in the verges or other 
alternative positions. 

The separation of foul- and surface-water drainage in 
some d is very common to-day, and in the planning 
of highways the ultimate provision of two sewers, a soil 
sewer and a surface-water sewer, must be borne in mind. 
No general standards can be laid down regarding the 
lateral position of foul- and surface-water sewers, but 
the foul-water sewer should be laid deeper than the 
surface-water sewer to avoid the difficulties which would 
otherwise occur in making connections to both sewers. 

Manholes are required for inspection and mainten- 
ance, and are generally located with that end in view. 
They should be sited, so far as may be practicable, away 
from houses, shops and street crossings, or 
where people are likely to congregate, and in order to 
protect men operating at an open manhole without, at 
the same time, causing interference to traffic, it is desir- 
able that where it cannot be sited in the centre of the 
carriageway, the distance of the manhole cover from 
the kerb should not usually exceed about 6 ft. In such 
cases consideration might be given to the adoption of 
side-entrance manholes. The use of service subways 
for sewers is normally quite impracticable. Subways 
usually follow the general level of the ground surface, 
whereas sewers must be laid to gradients which would 
very rarely coincide with the subway location. Further- 





more, sewers are generally larger than other services, 
and therefore would increase the cost of subways dispro- 
portionately. As sewerage systems cannot be dupli- 
cated, enlarged or amended with quite the same ease 
as some other services, it is of the greatest importance 
that the sewerage engineer should bear this in mind so 
as to ensure the satisfactory location of the sewerage 
system in relation to plannning proposals. 

The practice of planting kerbside trees in town streets, 
except perhaps in quiet residential areas or culs-de-sac, 
should be discontinued unless wide verges can be pro- 
vided. The planting of large trees, more suitable for 
forest or shelter growth, should be discouraged in city 
streets, not only because of the height to which they 
grow but because of their deep roots which are detri- 
mental to underground services. The types selected 
for any town should be those which conform to the 
general types found in that area. In the suburbs of 
towns, improved effect would often be obtained by 
planting shrubs instead of trees. 

The underground works of the various statutory 
bodies should be co-ordinated, and, as the engineer 
to the appropriate highway authority will generally 
be the officer responsible for planning the general high- 
way system, it is recommended that his services should 
be utilised. Where a road widening is contemplated 
or it is proposed to construct a new road or a new 
estate, the highway authority’s engineer should consult 
the various authorities and ascertain what facilities 
each body considers should be provided immediately 
and also, so far as can reasonably be foreseen, in the 
future. When this information has been ascertained 
and collated, the engineer should prepare a plan to a 
suitable scale indicating the various mains which will 
have to be accommodated and their suggested positions. 
A copy of the plan should be furnished to each statutory 
authority and, if necessary, a meeting held with repre- 
sentatives of each authority to agree on the final 
details for the positions of the mains. It is considered 
most important that the position of the various services 
should be recorded accurately. 

The scale of the plans on which each utility under- 
taking should keep detailed records should, in general, 
be 1/1,250, and for congested areas 1/500, although 
for some areas a smaller scale can be used. These 
records should be made available to the engineer to 
the appropriate highway authority who should co- 
ordinate exchange of information between utility 
undertakings when necessary. The plans should, 
inter alia, show the position of manholes and any 
special features. They should be kept up to date and 
any subsequent modifications to the positions of mains 
or addition thereto should be indicated. 

The committee conclude that the adoption of the 
foregoing recommendations will result in an orderly 
disposition of mains and services and avoid the con- 
fusion and delay in vehicular traffic which results when 
repairs to mains are carried out or new mains are laid. 
Where an agreed order and depth for the various mains 
already exists between a highway authority and the 
statutory undertakers in a specific area, it is not 
suggested that it need necessarily be altered to accord 
with these recommendations. It should, however, be 
borne in mind that the boundaries of the areas covered 
by highway authorities and the various statutory 
undertakers are not coincident and for this reason it 
is desirable that a common standard for the position 
and depth of the mains should be adopted, if not 
immediately, then so soon as is practicable. It is only 
by so doing that either a highway authority or a statu- 
tory authority will be able to adopt one order over the 
whole of the area for which it is responsible. 





POWER PLANT EXTENSIONS IN SWEDEN.—<According 
to a report from Stockholm, the Svenska Turbinfabriks 
A.B. Ljungstrém, of Finspang, have received an order 
from the Royal Swedish Board of Waterfalls to build a 
65,000-kW steam turbo-alternator at a cost of about 
206,9001. The turbine is to be installed at the reserve 
steam-power plant at Vesteras, and is expected to be 
completed by the end of 1947. 





UNITED KINGDOM TRADE MISSION TO CHINA.— 
Following the recent announcement in the House of 
Commons that the Government intends to dispatch a 
Trade Mission to China, the names of the members have 
now been given by the Board of Trade. The leader of 
the Mission will be Sir Leslie Boyce, Chairman of the 
Gloucester Carriage and Wagon Company, and the other 
members will be Mr. F. A. Bristow (Foodstuffs), Mr. D. 
Maxwell Buist (Heavy Electrical Industries), Mr. A. H. 
Carmichael (Light Engineering), Mr. R. Hayworth 
(General Merchanting), Mr. H. D. Morgan (Consulting 
Engineer), and Mr. F. S. Winterbottom (Textiles). The 
Secretary to the Mission will be Mr. G. B. Blaker, of the 
Board of Trade, and a Trade Union Congress representa- 
tive has still to be chosen. The Mission will study 
methods of developing trade between China and the 
United. Kingdom, and expects to leave for China about 
the middle of September. 
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** PACKAGING ’’ THE UNITED 
STATES RESERVE FLEETS. 


Mertuops of sealing perishable goods in wrappings 
of plastic sheet, for transport in tropical countries, 
were developed to a high level of excellence during the 
war, and a certain amount of information was allowed 
to be published regarding this process and the analagous 
procedure adopted to preserve spare aero engines for 
storage for an indefinite time. These, however, were 
relatively minor applications of the new technique 
compared with the operation, which the United States 
Navy Department hopes to conclude next month, of 
*‘ packaging’ more than two-thirds of the United 
States Navy in a way which, it is expected, will keep 
them in good condition for at least 20 years while en- 
abling any one of the fleet to be returned to operational 
service in not more than 30 days. The ships, which 
are being thus “inactivated,” to use the American 
official term, on the eastern seaboard, include five 
battleships, three battle-cruisers, nine heavy cruisers, 
ten light cruisers, five large and five light aircraft 
carriers, 30 escort carriers, 109 destroyers, 54 submarines 
and a large number of auxiliaries, landing craft, etc. 
They constitute, for administrative purposes, the 
16th Fleet, and the remaining reserve vessels, on the 
Pacific coast, will form the 19th Fleet, similarly pre- 
served. The two fleets represent some two-thirds of the 
Navy of the United States as it stood at the end of the 


war. 

The 16th Fleet, which is the subject of the illus- 
trations, Figs. 1 and 2, on page 132, and Figs. 3 to 8, 
on this and the opposite page, is divided into eight 
groups, based on separate ports down the eastern 
seaboard and in the Gulf of Mexico, and each dealing 
principally with one type of ship. New London, Con- 
necticut, for example, which is one of the main sub- 
matine bases of the United States Navy, will deal with 
the whole of the 16th Fleet’s 54 submarines, three sub- 
marine tenders, and some small craft; 18 of the sub- 
marines and two of the tenders are illustrated in Fig. 1, 
on page 132. Boston will have 19 escort carriers as 
the main contingent, with various smaller craft; 16 of 
the 19 carriers are to be seen in Fig. 2, an aerial view of 
the yard at South Boston. New York has the battle- 
cruisers Alaska, Guam and Hawaii, and the two 
large carriers Wasp and Franklin; Philadelphia is 
responsible for nearly all of the cruisers, and the five 
light aircraft-carriers ; and at Norfolk, Virginia, there 
are the three battleships, two large carriers, ten escort 
carriers, and 22 attack transports. The 109 destroyers 
are at Charleston, South Carolina; the auxiliaries, 
tugs, and landing craft at Orange, Texas; and the 
largest concentration in point of numbers—551 in all, 
comprising destroyer escorts, high-speed destroyer 
transports, patrol craft and amphibian landing craft— 
uses as a dock the large fresh-water basin at Green Cove 
Springs, Florida. 

In outline, the laying-up procedure is as follows. 
The ships are “ nested” in groups, one ship in each 
group serving as a barracks for a skeleton crew who 
look after all the ships of that group. All steel surfaces 
are cleaned down and painted, and the compartments, 
tanks, etc., closed and sealed against the access of 
outside air. Dehumidification machines, largely auto- 
matic in operation, circulate dried air through the ship 
via the fire mains or other suitable pipe system. 
Machined steel or other corrodible exposed surfaces are 
sprayed with rust preventive, the inside surfaces of 
steam pipes are ‘‘ fogged ” with a preservative vapour, 
and packages of silica gel are used to maintain a low 
humidity in spaces where the circulated dry air may 
not penetrate effectively. . Gunsights, special instru- 
ments, mountings for small machine-guns, etc., which 
can be readily removed from the weather decks, are 
stowed below in dehumidified compartments, and the 
larger items of deck equipment, such as guns, search- 
lights, winches, torpedo tubes, etc., are “‘ packaged ” 
in airtight plastic coatings, the air within the plastic 
covering being kept dry with silica gel and regular 
observations made of the state of the interior atmos- 
phere as indicated by a humidistat within the covering, 
which can be read through a window of plastic sheet. 

The cleaning down of the steelwork of the hull, 
exposed decks, and superstructure has been done 
largely by the traditional method of hand chipping, 
but many crews have rigged up some form of com- 
pressed-air sand blast. and a few proprietary portable 
sand-blasting plants have been employed ; these afford 
a marked saving of time when cleaning large areas 
of plating, but presumably this is offset to a considerable 
extent by the time and labour absorbed in removing 
the sand, especially from crevices whence it might 
penetrate among moving parts of deck machinery, etc. 
The coating of exposed surfaces is done almost entirely 
by spraying, but below decks, and especially in the 
machinery spaces, much of the preservative coating 
is applied by hand. 

From the technical standpoint, probably the most 
interesting feature of the laying-up procedure is the 
method of dealing with guns and other deck equipment 
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which must be “* packaged "in place. This is illustrated | 
in Figs. 3 to 5, opposite, and Figs. 6 and 7, on this 
page. The procedure in dealing with a gun mounting 
may be taken as typical. As the plastic covering 
must form a complete and airtight closure, the first 
step is to fit to the deck a light coaming ring, 4 in. 
high, which is screwed down to a wood deck and 
caulked, or tack-welded to a steel deck and sealed with 
a fillet of bituminous composition. Any sharp corners 
on the mounting, which might cut or puncture the 
covering, are padded and a network formed of tape 
is built up by attaching strips to connect the outermost 
projections ; a typical network is illustrated in Fig. 3. 
The mounting is then sprayed, using an air pressure at 
the spray gun of 30 to 40 lb. per square inch, with a 
plastic ‘* coating solution ” combined with a “ webbing 
agent,” the effect of which is to cause the spray gun 
to emit long threads, bridging the openings in the tape 
network and covering the mounting with am interlaced 
and overlapping cobweb-like covering, as seen in Fig. 4. 
This provides a basis for a succession of layers of the 
plastic coating solution, applied at a pressure of 60 to 
80 lb. per square inch—this time without the admixture 
of “ webbing agent ’’—which contracts as it dries, pro- 
ducing a tight tough-skinned “ package,” as shown in 
Fig. 5. 

The number of sprayed coats varies according to 
circumstances, but three are sufficient to form a satis- 
factory covering. The solution is dyed different 
colours so that the coats may be identified, and the 
layers are thick enough to mask completely the colour 
beneath. The first coat, which is yellow, is primarily 
for the purpose of strengthening the web coat, and the 
second and third coats, which are red and blue, respec- 
tively, and are applied as a wet spray, are the protective 
coatings. The combined thickness of the three layers 
is nearly } in., and the covering is tough enough to 
withstand comparatively rough treatment, though it 
can be cut readily with a knife and quickly stripped 
off if necessary. While the coatings are being applied, 
a square opening is left, out of which the solvent vapour 
is blown by means of an air hose, inserted through a 
small hole on the other side of the package. The small 
hole is sealed with solution when all the vapour has 
been dissipated, and a square of transparent plastic 
(Vinylite) is used to close the larger opening, being 
held in place by spraying over it, while the centre of 
the sheet is covered with paper. The paper is even- 
tually stripped off, leaving a clear panel through which 
the maintenance crew can take the readings of the 
humidistat, placed inside, together with a package of 
silica gel or other drying agent, immediately before 
the opening is finally closed. Fig. 8, on this page, 
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Fig. 8. Inspection WINDOW AND HUMIDISTAT. 


additional safeguard, a 40-mm. shell, to be watched for 
any sign of rust. 

The process of “ inactivating * reserve warships has 
been in hand for more than a year, and a considerable 
amount of experience had been gained with the “‘ Strip- 
pable Coating (Spray Type) (O.S. 3602) ’’—its official 
designation—while the war was still in progress. 
Further experience has shown the desirability of 
certain modifications in the procedure, partly by way 
of additional precautions ; for instance, as the solvent 
vapours are heavier than air and are inflammable, it 
is necessary, before spraying, to close all openings 
communicating with lower decks. It has been found, 
also, that strong sunlight has a deleterious effect upon 
the coating, and that a fourth coating, aluminium- 
pigmented, is required as a protection. All the exam- 
ples of complete packaging shown in the accompanying 
illustrations, except the searchlight in Fig. 6, have 
received this final coating. Initially, venting of the 
package was done after the coatings were completed, 
but the danger of igniting the solvent vapours by 
sparks from the electric blower that was used at first 
led to the adoption of a different procedure, a small 
flow of air from a compressed-air hose being admitted 
during spraying. This injection air is passed through 
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| @ separator to remove oil and moisture, and must be 
admitted slowly to avoid interference with the spraying 
operation. The final venting is done with a portable 
electric hot-air blower, not less than an hour after 
| completion of the spraying, and it is important that the 
| inflow through the compressed-air hose should be con- 
| tinued until the electric blower is actually at work, 
| to obviate any concentration of vapour. 

| The strippable coating retains its properties over a 
| wide range of temperature, though its pliability varies 
| to some extent, improving with increasing temperature 
| and vice versa. It is satisfactory at temperatures as 
| high as 160 deg. to 170 deg. F., but at low temperatures 
| (20 deg. to —40 deg. F.) it is more readily punctured ; 
| for instance, by a lump of ice falling on it from an 
| overhead spar or other projection. At ordinary tem- 
peratures—60 deg. to 90 deg. F.— it develops a tensile 
| strength of about 700 lb. per square inch within an 
|hour, and double this strength in 24 hours. The 
strength of a coating from which the solvent has 
| evaporated completely is between 1,750 and 2,000 Ib. 
| per square inch, with an elongation at rupture of 
| about 200 per cent. The moisture vapour transmission 
rate of a single coat, which is about 0-04 in. thick, is 
0-45 gramme per 100 square inches per 24 hours at 
100 deg. F., with a vapour-pressure difference of 42 mm. 
of mercury. The consumption of solution per coating 
is 13 to 15 U.S. gallons per 100 square feet; and 
| of the webbing agent, about } gallon per 100 square 
feet. 

The method of drying-out enclosed spaces with 
silica gel or some similar desiccant is described by the 
general term of “‘ static dehumidification.”” The alter- 
fnative method, employed in dealing with large spaces, 
such as the compartments of a ship’s hull, is termed 
‘dynamic dehumidification,” as it involves the use of 
power-operated fans. Even when a ship appears to 
be thoroughly sealed, and is filled with air that has 
been dried by the “static ”’ method, applied in each 
compartment, the air is liable to pick up moisture 
through small leaks (for example, at imperfectly sealed 
hatches) or by the evaporation of water that has seeped 
into the hull past defective rivets, glands, etc. Dynamic 
dehumidification removes this moisture as it is formed, 
by passing air from the ship through a bed of desiccant 
and returning it to the ship. This is the adsorption 
eycle, during which the desiccant gradually becomes 
water-laden . Eventually it becomes necessary to 
reactiva *:the desiccant by removing the acquired 
moisture content ; this is done automatically, the flow 
of air from the ship ceasing and a flow from the external 
atmosphere being substituted for it, and discharged 
again outside of the ship. The incoming air and the 








desiccant are heated to about 300 deg. F., the moisture 
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is taken up by the heated air, and is discharged with 
it to the external atmosphere, 

Most dehumidification machines have two desiccant 
beds, so that the processes of adsorption and re- 
activation are carried on simultaneously and the 
circulation of air within the ship is continuous. Each 
dehumidifier has four pipe connections, namely, the 
humid-air inlet from the ship, the dry-air outlet to the 
ship, the reactivation-air inlet from outside the ship, 
and the reactivation-air outlet to the external atmo- 
sphere. The dry air from the machine is distributed 
through the ship by one of the piping systems (usually, 
as stated above, the fire main) which is fitted with 
blank flanges and valves where necessary to direct a 
flow of air into all compartments needing it. The 
main piping system may be coupled to others, as may 
be requisite, to reach of the ship to which the 
main system does not extend, or the extensions may be 
made with lengths of canvas hose. The air returns to 
the machine via the usual ventilating system or through 
doors, etc., left open for the purpose; if these are 
insufficient or inconveniently located, holes may have 
to be cut in b In some cases, where a com- 
partment is placed so that the dry air cannot circulate 
through it, an opening may be left, communicating with 
an adjacent compartment through which there is an 
air circulation, the water-vapour content of the air in 
the two compartments being allowed to equalise by 
diffusion through the opening. 

The relative humidity in the ship is regulated by an 
automatic recorder-controller, usually situated close to 
the dehumidification machine and connected to a 
number of “ sensing stations,” distributed throughout 
the ship. The recorder-controller periodically records 
the percentage humidity at the several sensing stations, 
averages the readings, and automatically stops or 
starts the dehumidification machine as the circum- 
stances may require. Large ships, of a cubic capacity 
beyond the range of a single machine to control, are 
divided into two or more “ zones,” each independent of 
the others and each provided with its own dehumidifica- 
tion machine. The machines are not used to dry out 
compartments in the first instance, but only to maintain 
them in the requisite condition ; the initial drying is 
done by “ static ” means. 

The procedure in preserving propelling machinery 
follows generally the methods used normally in laying- 
up a ship for a short time, except that certain additional 
precautions are taken to guard against corrosion. All 
sea connections are securely blanked off, and steel 
covers, welded in position, completely seal the funnels. 
Waste-steam pipes art sealed with strippable coating. 
Three grades of rust-preventing compound are used in 
the United State Navy, Grade I leaving a film 0-002 in. 
thick on articles dipped in it, Grade II a film 0-001 in. 
thick, and Grade LI a film only 0-0003 in. thick. 
Grade I is used on ferrous or other metal surfaces 
exposed to the weather; Grade II, on corrodible metal 
surfaces of equipment stored under cover; and Grade 
III on corrodible surfaces which, in service, are in con- 
tact with water orsteam. Itis a condition of the several 
specifications that the films applied need not be removed 
before setting the machinery, etc., to work again. All 
three compounds consist of a solvent, which evaporates, 
and a blend of solid, semi-solid or wax-like inert 
materials which forms the protective film. Grade II 
compound is soluble in fuel oil, Diesel oil and lubricating 
oil, and Grade III is similarly removed by the circula- 
tion of water or steam on resuming normal operation of 
the machinery, though it is recommended that boilers 
thus protected should be washed out, or, preferably, 
boiled out, before steam is raised. The interior of 
turbines, boilers, and other parts of considerable 
volume can be coated satisfactorily by “ fogging,” the 
compound being sprayed inside by a blast of high-pres- 
sure air. Diesel engines are treated either by injecting 
the compound into the fuel and lubricating systems while 
motoring the engine with compressed air, or by running 
at the idling speed, using the compound as fuel. 

Each ship in the “‘ Preserve Fleet ”’ carries the stores 
and equipment necessary to return her to commission- 
ing state, including ammunition for the guns, all being 
“ packaged,” coated, or stored in compartments which 
are dehumidified. The expenditure on the preserving 
process is small by comparison with the value of the 
ships—which, in the 16th Fleet alone, totalling over 
3,000,000 tons, represents a first cost of more than 
5,500 million dollars. It is estimated that the cost of 
retaining the 16th Fleet in its “ packaged ”’ state will 
be rather less than 3,813,000 dollars a year, exclusive of 
the pay of the personnel permanently employed, who 
will number only 1,155 officer. and 13,441 ratings. The 
materials required to “inactivate” the 16th Fleet 
cost about 19,500,000 dollars. To deal with a battle- 

ship of the North Carolina class costs only 93,700 
dollars as a first charge, followed by an annual main- 
tenance charge of 36,184 dollars, which includes the 
cost of an overhaul every five years; this represents, 
over the 20-year period for which the ships are expected 
to remain in the reserve, a maintenance cost per annum 
of less than 1 per cent. of the original cost of the ship. 








LABOUR NOTES. 


Reptytne to a question in the House of Commons, 
Mr. Ness Edwards, Parliamentary Secretary to the 
Ministry of Labour and National Service, said that the 
Government had no intention of departing from its 
declared policy of entrusting the settling of terms and 
conditions of employment to the joint machinery of 
negotiation between employers and workpecple. But 
that machinery would be reinforced if there was the 
closest possible contact between the two sides and the 
Government. It was, therefore, proposed to establish 
a regular system of consultation on the general economic 
position and plans of common interest to both sides 
and between the Government and the two sides. 
The Government hoped thus to have a ready means of 
obtaining an authoritative and re tative view on 
problems as they arose. The National Joint Advisory 
Council had expressed its willingness to co-operate. 





The Government’s Monthly Digest of Statistics for July 
states that the average weekly earnings of employees 
of both sexes and all ages in manufacturing and one 
or two other industries at the last national wages census 
in January was 74 per cent. higher than in October, 
1938. Ex in terms}of cash, they amounted to 
41. 12s. 7d. in January as against 21, 13s. 3d. in October, 
1938, and at the peak period in July, 1944, they were 
4l. 16s. 8d., or 82 per cent. higher than in 1938. The 
average weekly hours worked in January this year for 
all operatives was 45-8, compared with 46-5 in October, 
1938, and 49-2, the highest average, in January, 1944. 
The figures given relating to average earnings include 
bonuses and overtime payments before deduction of 
income tax and insurance contributions. 





During the first half of the current year, 5,391,000 
employees received an estimated increase of 1,775,3001. 
in weekly wages. In the corresponding period of 
1945 there was a net increase of 1,082,356l. in the 
weekly wages of 4,453,630 operatives. Stoppages owing 
to disputes involved 287,200 workpeople and a loss of 
1,166,000 working days. In the corresponding period 
of 1945 there were 1,105 stoppages involving 270,300 
workers and a loss of 995 working days. 





Mr. Ness Edwards stated, in reply to a question in 
Parliament, that on June 17, 261,302 insured male 
operatives and 100,249 insured women employees, aged 
18 and over, suitable for ordinary employment, were 
registered as unemployed in Great Britain. In 1919, 
the total was over 11,000,000. 





The Minister of Labour and National Service has 
issued Orders raising the standard percentage of dis- 
abled to be employed by firms from 2 per cent. to 3 per 
cent. as from September 1, and designating employment 
as passenger electric-lift attendant and as car-park 
attendant from the same date. 





In the course of a message to members of the National 
Union of Mineworkers, Mr. Lawther, the President, 
said that negotiations would begin shortly with the 
National Coal Board with a view to the drawing up 
of an agreement setting out terms and conditions which 
would apply to all future statutory holidays. He 
was sure that all employed in the industry would show 
their appreciation of the innovation by attending on 
the first available opportunity following the holiday 
and regularly on succeeding days. The National 
Union of Mineworkers, he added, had an important 
part to play in the building of a sound and efficient 
coal industry under nationalisation. That would 
become effective only if all mineworkers responded by 
developing a new approach to all coal problems. 





In a report published at the beginning of April, the 
Catering Wages Commission recommended the exten- 
sion of the scope of Catering Wages Boards to include 
certain catering activities of local authorities. The 
Minister of Labour and National Service has given 
effect to these recommendations by making four new 
Orders, namely, (1) the Wages Board (Industrial and 
Staff Canteen Undertakings) (Amendment) Order, 1946 ; 
(2) the Wages Board (Licensed Non-residential Estab- 
lishments) (Amendment) Order, 1946; (3) the Wages 
Board (Licensed Residential Establishment and 
Licensed Restaurant) (Amendment) Order, 1946, and 
(4) the Wages Board (Unlicensed Place of Refreshment) 
(Amendment) Order, 1946. The first of the Orders was 
issued on May 22, and the three others on May 23. 





These Orders, the Ministry of Labour Gazette says, 
extend the scope of the respective Wages Boards to 
cover persons employed (a) in canteens provided for 
members of the staffs of local authorities, and (5) in 
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British and Civic Restaurants, municipal cafés, and 
other local authority undertakings catering for the 
general public. Workers employed in catering under. 
takings which are engaged exclusively in the provision 
of school meals, or of meals for persons employed in 
the provision of school meals, will continue to be 
excluded from wages regulations. Catering under. 
takings run by local authorities in connection with 
hospitals, children’s homes, institutions, and similar 
establishments will also be excluded as hitherto. 





The number of unemployed persons on the live 
ragisters of Employment Exchanges in Eire at May 25 
was 60,456, compared with 67,435 at April 27. At 
May 26, 1945, the number was 60,181. At June 29, 
1946, it was 45,748, the decrease ars compared with the 
total a month earlier being, to a large extent, due to the 
entry into force in June, 1946, of a further Order 
under the Unemployment Insurance Act, 1933, the 
effect of which is to apply to other classes of persons 
living in rural areas the restrictions on the receipt of 
unemployment assistance imposed in March, 146, 
on a specified class of such persone. 





In the thirteen weeks which ended on June 29, this 
year, expenditure on unemployment allowances at 
local offices of the Ministry of Labour and National 
Service and of the Assistance Board (excluding the 
cost of administration) amounted approximately to 
771,0001. In the thirteen weeks which ended on 
March 30, the corresponding expenditure was 880,()0)/., 
and during the thirteen weeks which ended on June 30, 
1945, it was 520,000/. 





The number of disputes leadirg to stoppages of 
work reported to the Ministry of Labour and National 
Service in June was 186. In addition, 23 stoppages 
which began before June were still in progress at the 
beginning of that month. The approximate number of 
employees involved during June in these 209 disputes, 
including workers thrown out of work at the establish- 
ments where the stoppages occurred, is estimated at 
51,000. The aggregate number of working days lost 
at the establishments concerned during June was 
224,000. Of the stoppages known to have been in 
progress at some time in June, the coal-mining industry 
accounted for 123, mvolving over 19,000 men and 
resulting in an aggregate loss of 37,000 working days. 





In the stoppages which began in June, about 29,000 
operatives were directly involved and about 9,000 indi- 
rectly involved—were thrown out of work, that is, 
at the establishments where the stoppages occurred, 
though not themselves parties to the disputes. In 
the 23 stoppages which began before June, and were 
still in progress at the beginning of that month, the 
total number of workers involved during June, either 
directly or indirectly, was over 13,000. 





One hundred and ninety-six stoppages due to dis- 
putes were ended in June. Of these, 80, directly involv- 
ing 4,400 workers, lasted not more than one day: 
54, directly involving 13,000 workers, lasted two days ; 
14, directly involving 2,300 workers, lasted three days ; 
23, directly involving 3,200 workers, lasted four to six 
days ; and 25, directly involving 15,700 workers, lasted 
over six days. 








Of the 186 disputes leading to stoppages of work 
which began in June, 13, directly involving 1,400 
workers, arose out of demands for advances in wages ; 
75, directly involving 15,000 workers, out of other 
wage questions; 4, directly involving 300 workers, 
out of questions relating to working hours ; 26, directly 
involving 7,600 workers, out of questions respecting 
the employment of particular classes or persons ; 
65, directly involving 4,200 workers, out of other 
questions concerning working arrangements; and 3, 
directly involving 600 workers, out of questions of 
trade union principle. 





The principal groups of workpeople affected by 
increases of wages reported in June to the Ministry of 
Labour and National Service were women and girls 
employed in the engineering and allied industries, 
operatives employed in the iron and steel industry, the 
retail distribution of food and of furniture, iron- 
mongery, etc., electrical-cable making, tobacco manu- 
facture, waterworks undertakings, and County Council 
roadmen. 





In the glass processing industry in Great Britain a 
normal working week of 44 hours has been adopted. 
The normal working hours of workpeople employed in 
the manufacture of pens, and stationery metal sundries, 
in Birmingham and district, have been reduced from 
47 to 45. 
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NON-METALLIC INCLUSIONS IN 
STEEL.* 


By Dr. J. R. Rarr, B.Sc., A.R.T.C., and 
H. W. Poxpsr, Assoc. Met., F.R.LC. 

[x most steels the presence of non-metallic inclusions 
is undesirable, because they are often a potential source 
of weakness, whether the steel in which they occur is 
being stressed statically or dynamically. In addition, 
inclusions in steel are the cause of many rejections on 
mechanical testing, especially when the testpieces are 
prepared transversely to the grain flow of the material. 
Such flaws are revealed mainly by the tensile test, the 
most sensitive property being elongation, although 
transverse Wohler tests and transverse Izod tests may 
i equally discriminating. Inclusions occasionally 








The three main sources of non-metallic inclusions are : 
(1) deoxidation, and the segregation of the products of 
deoxidation ; (2) the presence of sulphur and phos- 
phorus, and the segregation of their compounds; and 
(3) extraneous sources. . Deoxidation is no doubt 
responsible for some unavoidable inclusions in steel. 
However, steel-melting and deoxidation techniques are 
now sufficiently well developed to enable large quanti- 
ties of such inclusions to be avoided. Difficulties may, 
however, be encountered in large ingots and also in 
badly designed ingots, where tion renders the 
deoxidation products much more , while low 
casting temperatures will prevent the escape of many 
inclusions into the part of the ingot normally discarded. 








In the nt paper attention will be focused on the 
effect of aluminium, which is widely used as a final 





tories offer a very real and ever-present source of non- 
metallic inclusions ; evidence of such fluxing can be 
readily noticed on visual examination of the mentioned 
refractories after a heat of steel has passed over them. 
In addition to physical erosion, the slag chemically 
attacks the launder and ladle linings and, in the case of 
tilting furnaces (where the slag is allowed to pass into the 
ladle from the commencement of the tap) some of the slag 
and its reaction products may be trapped in the steel. 
By far the larger number of inclusions and segregates 
found are of extraneous origin, and it is therefore with 
these inclusions that this paper is chiefly concerned. 
The term “inclusions of extraneous origin ’’ covers all 
inclusions introduced into the steel as a result of the 
trapping of the slag; the trapping of corroded and 
eroded refractories used at any stage in the steel- 


TABLE |L.—DETAILS OF CONSTITUTION, APPEARANCE, HEAT-TREATMENT, AND EXAMINATIONS OF THE MIXES. 









































| Composition. 
Weight-Per cent. 
Mix os Heat-Treatment. | Appearance of Melt. | Micro- Examination. X-Ray Examination. 
No. j | 
MnO. AlzOs. | 810». | 
| 
aa 9 — ; _ — on a8 SS... 
1 } 27 18 | 55 | Heated at 1,500 deg. C., held at Yellowish-pink glass . . Glassy .. Amorphous. 
} | 1,400 deg. C. for 3 hr., and 
| | quenched. 
} | Annealed 3 hr. at 1,300 deg. C., | Partly crystalline ..| Medium-grey glass with trace of cristobalite. Cristo- | Trace cristobalite and glass. 
| j | then quenched. | balite was readily attacked by alkaline sodium picrate 
| solution ; glass not attacked. (Fig. 8.) | 
6 52-6 | 20-0 | 97-4 | Heated to 1,300 deg. C.; held at | Medium dark greyish-brown | Mainly spinel crystals (medium grey with a violet tinge | Tephroite (large). 
| 1,050 deg. ©. for 3 hr. and colour. Opaque, probably | and more lustre than other phases); also medium | Spinel (medium). 
| | | quenched. cristobalite. | light-grey phase, often of denise agnsncenee.tnoume | 
| | fields, showing characteristic appearance of tephroite. 
Also medium dark grey glass. In some fields the 
| | | tephroite appeared to have been crystallised around 
} the spinel. (Figs. 1 and 2.) 
4 35-0 | 45-0 20-0 Heated to 1,470 deg. C.; held at | Opaque, greyish-brown Spinel crystals and laths of free alumina (about equal | Spinel (large). 
1,300 deg. C. for 3 hr. and | mounts) in a medium-grey glass. Glass attacked by | Alumina (large). 
| quenched. | alkaline sodium picrate. (Fig. 6.) 
8 40 | 30 30 Heated to 1,550 deg. C. and | Light greyish-brown .. Mainly amorphous. 
quenched. | Al na (small). 
9 $1°5 31-5 37 Heated to 1,450 deg. C., held at | Grey-yellow, largely glassy ..| Very fine needles of alumina in a medium-grey glass. | Largely glassy. : 
| 1,300 deg. C. for 3 hr. and | (Pig. 10.) Alumiaa (small). 
quenched. | 
Same molt. Heated to 1,100 deg. | Very light yellowish-grey | Some alumina needles still present, but main phases were | Spessartite (large). 
| ., held for 3 hr. and quenched. colour. a medium light-grey phase and a darker forming | Anorthite (modlom large). 
@ criss-cross pattern similar to a Widmannst&tten | AloOs (trace). 
| structure. Lighter phase believed to be spessartite, 
| | and darker phase anorthite. (Fig. 11.) 
3 22-6 27-4 50 Heated to 1,540 deg. C., held at | Grey-yellow colour, partly | Medium-grey glass with c is of r ar and dia- | Mostly glass. 
| 1,800 deg. C. for 3 hr. and glassy. mond-shaped section. is only slightly lighter | Mullite (small). 
| quenched. } | in colour than the glass and not readily seen in unetched | (Lines of different relative 
| | | condition. Alkaline sodium picrate showed up the intensities from those of 
| | outline of the crystals. Crystals te un- normal mullite.) 
attacked by dilute HF, but crystals outlined in depth, 
probably due to attack on glass at boundaries. (Fig. 9.) 
16 43-2 20-8 | 36-0 | Heated to 1,230 deg. C.; held at | Opaque, showing greyish-| Som* tephroite present, together with large amount of | Spinel (large). 
| 1,150 deg. C. for 3 hr. and brown ; rather porous ; had cry line phase, often of appearance of spinel. Also ite (medium). 
| | quenched. probably not been com- more rounded crystals, of same colour as spinel. | Tephroite (small). 
| | pletely molten. Medium-grey glass. (Fig. 3.) 
18 40 | 20 | 40 Heated to 1,150 - C.; held at | Light pinkish in colour Tephroite crystals, ther with crystals of hexagonal | Spessartite (large). 
900 deg. C. for 3 hr. and cooled section, light grey in colour and much lighter after | Tephroite (medium). 
| during 3 hr. etching in dilute HCl. Believed to be spessartite. 
| (Figs. 4 and 5.) 
i9 24-3 34-8 | 40-9 | Heated to 1,500 deg. C.; held at | Grey ” ..| Triclinic crystals showing frequent twinning,in a medium- | Largely glassy. 
1,350 deg. C. for 3 hr. and | grey glass. (Fig. 7.) Anorthite (medium). 
quenched. Spinel (trace). 
22 55 10 «6| «63 Heated to 1,550 deg. C. and | Deep orange-pink glass ..| Glassy .. Glassy. 
| quenched. 
| 
23 50 15 | 8 Heated to 1,550 deg. C. and | Orange-pink glass Glassy .. Glassy. 
quenched. 
Annealed 100 hr. at 900 deg. C. ..} Greyish-brown No micro-examination Tephroite (large). 
| MnO. AloOz3 (small). 
30 25 20 05 Heated to 1,510 deg. C. and | Greyish-yellow ..| No micro-examination Manganese anorthite (large). 
quenched ; annealed 100 hr. at Tephroite (small). 
900 deg. 0. } 
31 45 20 35 Heated to 1,510 deg. C. and | Greyish-yellow , .| No micro-examination a Tephroite (large). 
| quenched ; annealed 100 hr. at | | Manganese anorthite (small). 
| 900 deg. C. } 
- | | 








lower the apparent maximum stress, because the stress 
concentration which their presence brings about causes 
premature fracture. The steel must therefore be clean 
if its maximum mechanical properties are to be 
achieved, i.e., it should contain the minimum of non- 
metallic matter, in addition to being free from banding 
and segregation. 

It ig not difficult to demonstrate that steels tested 
transversely to the grain flow and containing roughly 
oval-shaped inclusions, either continuous or discon- 
tinuous and so dispersed that they lie normal or approxi- 
mately normal to the lines of applied stress, are likely 
to lead to low mechanical properties. The most dis- 
turbing feature of non-metallig ichssions however, is 
the uncertainty as to where and in what form they may 
appear ; therefore any evidence regarding their constitu- 
tion and source and how to eliminate that source is 
valuable. 





* Paper entitled “The Origin and Constitution of 
Certain Non-Metallic Inclusions in Steel,” to be presented 
at the forthcoming autumn meeting of the Iron and Steel 
Institute. Abridged. 














deoxidant and for controlling grain-size, as its injudici- 
ous usé can lead to a type of inclusion which is very 
troublesome in machining and drilling. 

The sulphur content of the finished metal can be con- 
trolled in all steelmaking processes. This is accom- 
plished by special selection of the c materials and 
the fuel, as in the acid process, or the sulphur (and 
phosphorus) can be partly removed by chemical 
methods, as in the basic process. Serious sulphur 
segregation or inclusions were encountered only on rare 
occasions during this investigation, and inclusions of 
this type will therefore be ignored. 

Although the formation of some non-metallic inclu- 
sions is inevitable in ridding the molten steel of its 
gaseous and soluble constituents by converting them 
into solid particles, there are many other sources which 
merit even more careful study. During production, 
molten steel and slag must come in contact with a large 
number of refractory materials, such as the furnace 
lining, the launder lining, the ladle lining, stoppers and 
nozzles, tundish linings, and, in bottom-pouring, trum- 





pets and runners. As a result of their erosion and 
corrosion By the molten slag and metal, these refrac- 





making ; and the trapping of the products of reactions 
between the steel and the refractories with which it 
comes in contact. The possible sources of non-metallic 
inclusions originating from deoxidation and extraneous 
influences therefore cover a wide range. However, the 
constitution of these inclusions may have features which 
can be correlated with their origin. Since the establish- 
ment of the origin of the various non-metallic inclusions 
would be of material value to the steelmaker, the aim 
of the present investigation was to determine the con- 
stitution of these inclusions and to establish, where 
possible, characteristic features in the constitution 
which might be indicative of their origin. 

The first stage is the consideration of the phase dia- 
grams of the relevant oxide systems. The chief oxides 
occurring in inclusions are: (1) deoxidation products, 
FeO, MnO, SiO,, and Al,O,; (2) acid open-hearth 
slag constituents, SiO, (about 50 per cent.), FeO, 
MnO, and CaO (less than 10 per cent.); (3) basic- 
electric finishing slag constituents, CaO and SiQ,, 
usually as 2CaO.SiO,, with MgO (less than 10 per cent.) ; 
(4) products of reaction between basic-electric slag and 
firebrick, CaO, SiO,, Al,O,, and small amounts of MgO ; 
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Fie. 1. Mix No. 6. Unetcnep. x 200. 





Fie. 4. Mix No. 18. Unetcuep. x 500. 


and (5) products of reaction between manganese of steel 
and firebrick, MnO, SiO,, Al,O,, and a small amount of 
FeO. 

A knowledge of the phase combinations of MnO, 
FeO, SiO,, and Al,O,, and of parts of the more complex 
systems containing CaO and MgO, is required for the 
determination of the constitution of the above types of 
non-metallic inclusions. A study of the very compre- 
hensive review of the constitution of acid and basic 
ye ace furnace slags by White* reveals that many 
of the necessary phase data are not available ; but, with 
additional knowledge of the ternary system MnO- 
Al,O,-SiO,, sufficient data for the elucidation of the 
constitution of extraneous non-metallic inclusions may 
be deduced. Furthermore, according to Rait,t the 
inclusions produced by the reaction of manganese in 
liquid steel with firebrick consist chiefly of MnO, 
Al,0,, and SiO, ; these are among the most frequently 
occurring types of inclusion and are very detrimental 
to the transverse mechanical properties of the steel. 
Hence a knowledge of the system MnO-AI,0,-Si0, is 
essential for the identification of such inclusions in steel. 

Although Herty, Wentrup, and Glaser have published 
some data on MnO-AI,0,-SiO, melts, and Hay has 
proposed a tentative liquidus diagram, the system has 
not been thoroughly established, and accordingly an 
investigation was commenced. However, during the 
initial stages of this investigation, Snowf{ published the 
results of a systematic examination of the equilibrium 
relationships at the liquidus surface of part of the 
MnO-AI,0,-SiO, system, and so it was thought that a 
less comprehensive investigation of the system, using 
the X-ray powder method of identification of the 
crystalline phases in contrast to the petrographic 
methods chiefly used by Snow, would provide a useful 
and sufficient check. Furthermore, the examination of 
polished synthetic slag sections was required for com- 





* Jil. I. and S. Inst., vol. 148, page 579P (1943). 
+ Trans. Brit. Ceramic Soc., vol. 42, page 57 (1943). 
t Jl. Am. Ceramic Soc., vol. 26, page 11 (1942). 





Fie. 2. Mix No. 6. ErcuHep ALKALINE Sopium Fia. 3. Mr1x No. 16. Ercuep ALKALINE Sopium 


PrcraTE. x 200. 





Mix 


No. 


18. 
x 500. 


Fig. 5, Etrcuep Ditute HCl. 


parison with the inclusions in the various steels, and, 
since many of the samples had been heat-treated at tem- 
peratures lower than the liquidus temperatures in 
Snow’s diagram, it was also necessary to examine syn- 
thetic slag samples which had been melted and subse- 
quently annealed at the lower temperatures. 

The three bounding binary systems are MnO-SiO,, 
MnO-Al,0,, and Al,0,-Si0,, In the MnO-Si0O, 
system there is a eutectic at 1,208 deg. C. between the 
two incongruent melting compounds, tephroite (2Mn0O. 
SiO,) and rhodonite (MnO.SiO,). Tephroite is a 
member of the isomorphous orthorhombic olivine 
group of minerals which includes fayalite (2FeO.Si0,) 
and forsterite (2MgO.SiO,) ; rhodonite is triclinic and 
belongs to the pyroxene group of minerals. A notable 
feature of the system is the occurrence of a range of 
immiscibility in the liquid state at high silica contents, 
owing to the fact that liquid SiO, and the liquid silicates 
are only partly soluble in each other, even at steel- 
making temperatures. The CaO-SiO, and FeO-SiO, 
systems are characterised by similar immiscibility ranges. 

In the present investigation, all the ternary melts 
were prepared from MnO, pure Al,O,, and silica sand 
(99-7 per cent. of SiO,). The various melts were pre- 
pared in small platinum crucibles, heated in a small 
platinum-wound furnace in which the atmosphere could 
be controlled. The majority of the mixtures were 
heated in hydrogen, but a few were heated in nitrogen 
which had been passed over heated copper turnings to 
remove the small traces of oxygen. The furnace was 
designed so that melting could be observed through a 
low-power microscope. Each mixture was melted and 
held at a temperature above its melting point for a short 
period to ensure completion of the reaction before heat- 
treatment was carried out. In some cases long anneal- 
ing periods were required to facilitate crystallisation. 
Each specimen was polished for microscopic examina- 
tion by reflected light, and after the etched and un- 
etched surfaces had been examined, the specimen was 
crushed for examination by the X-ray powder method, 
manganese Ka radiation being used throughout. 





PicraTEe. x 500. 








Fie. 6. Mix No. 7. Uneronep. x 500. 


The details of some of the mixes and their thermal 
treatments are summarised in Table I, page 141, which 
also contains their constitutions as determined by the 
X-ray and microscopic methods. Some typical photo- 
micrographs are reproduced in Figs. 1 to 11, on this 
and the opposite pages. 

Three ternary compounds have been identified in 
this system, namely, manganese felspar, spessartite 
garnet, and the manganese analogue of cordierite. 
Manganese felspar, a compound with the typical 
plagioclase-felspar X-ray pattern, occurs in a number 
of the ternary mixtures. The plagioclase felspars 
are triclinic, the isomorphous series extending from 
albite (Na.Al,Si,O,) to anorthite (Ca.Al,So,0,). The 
X-ray pattern shows that the compound is a true 
felspar, and since it crystallises in greatest amount from 
mixtures close to the composition MnO.Al,0,.2Si0,. 
it would appear to be a true manganese analogue of 
anorthite, as suggested by Snow. The optical proper- 
ties were similar to those reported by Snow, twinning 
being a notable feature. Typical primary crystals of 
manganese anorthite are shown in Fig. 7, opposite. 

The occurrence of a primary field of spessartite 
garnet in the centre of the system has been confirmed. 
These crystals are isotropic, with a high refractive 
index (1-8+); the crystals are usually six-sided, the 
smaller crystals appearing rounded. The crystals 
appeared light grey in colour when etched with alkaline 
sodium picrate. X-ray powder photographs show 
that this phase has the same structure as natural garnet. 
According to Snow, spessartite is the only member of 
the garnet family to have a stability range on the 
liquidus surface. However, a number of mixtures 
lying in the primary spessartite field, which had been 
quenched from much higher temperatures than the 
melting point of spessartite (1,200 deg. C.) and subse- 
quently annealed at 900 deg. C., did not contain spessar- 
tite, but manganese anorthite and tephroite. It would 
appear therefore that spessartite dissociates above 
1,200 deg. C. to form manganese anorthite and liquid 
which quenches to a glass ; tephroite crystallises from 
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Mix No. 19. ErcnHep ALKALINE 
Soprum Picrate. x 500. 





Fie. 10. 


Mix No. 9. 
x 500. 


UNETCHED. 


this glass on subsequent annealing at 900 deg. C. As 
illustrated in the micrographs, it is impossible to distin- 
guish between spessartite and spinel by reflected light 
since the crystal form and the action of etching reagents 
are almost ideatical in the two cases ; the only satis- 
factory method is by the use of X-rays. Since this 
latter method can rarely be applied to inclusions in 
situ in steel, it is difficult to differentiate between these 
compounds in non-metallic inclusions. 

A compound with an X-ray pattern similar to that of 
cordierite (2MgO.2Ai,0,.5SiO,), but with a considerably 
larger spacing (as is to be expected with the replacement 
of Mg++ by Mn++), was found in one mixture. 
The rare occurrence of this compound confirms Snow’s 
findings that it crystallises only from melts on initial 
cooling and then with great difficulty. 

The equilibrium relationships at the liquidus surface 
of this system are very complex, and much more experi- 
mental data would be necessary to establish with 
certainty the areas of the fields of primary crystallisation 
and the invariant points. As indicated by Snow, the 
fields of tridymite, cristobalite, mullite, and corundum 
probably occupy more than two-thirds of the MnO- 
Al,0;-SiO, system, and, with the exception of the 
manganese anorthite field, the present evidence confirms 
Snow’s diagram. M anorthite appears to be 
a stable compound, melting congruently with a field 
of primary crystallisation surrounding the point 
representing its composition in the diagram, but the 
results are not sufficiently numerous to estabiish accu- 
rately the extent of the field. Evidence was not 
obtained to justify a field of stability for manganese 
cordierite on the liquidus surface. 

The manganese anorthite area is of particular 
importance in the study of non-metallic inclusions, 
especially those introduced by the reaction of the 
steel with firebrick material, since, as will be shown 
in later sections, the compositions of a large number 
of the slags formed by this reaction fall close to or 
within this area. Snow’s observation that some of the 
MnO-Al,0,-SiO, melts are very fluid, particularly 
those high in manganese, was confirmed. 

A detailed knowledge of the quaternary system 
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Mix No. 1. Ercnep ALKALINE 
Soprum Picrate. x 500. 


Fie. 8. 





Fie. 11. Mix No. 9. Ercuep ALKALINE 
Soprum Picrate. x 500. 


FeO-MnO-Si0,-Al,0, would be of great value in the 
study of the constitution of non-metallic inclusions 
in steel. Although the system has not been investi- 
gated, certain deductions regarding phases likely to 
be encountered may be made from the available data 
on the bounding ternary systems, namely, FeO-Si0,— 
Al,O,;, FeOQ-MnO-SiO,, FeO-MnO-Al,0,, and MnO- 
SiO,-Al,0,. The following phases will occur: (1) FeO 
with MnO in solid solution; (2) MnO with FeO in 
solid solution; (3) tephroite-fayalite solid solutions 
(2(Fe,Mn)O.SiO,). There is complete solid solution 
extending from fayalite to tephroite; the mineral 
knebelite, containing approximately equimolecular 
amounts of the two silicates, being a member of this 
series; (4) spinel solid solutions ((Fe,Mn)O.AlI,0,) ; 
(5) rhodonite (MnO.SiO,) with partial solid solution 
extending towards the composition ‘* FeO.SiO,” ; 
(6) spessartite-garnet solid solution, extending towards 
3FeO.Al,0;.3Si0,; (7) manganese anorthite (MnO. 
Al,0. 28103) ; (8) mullite (3A1,0,.2Si0O,); and (9) 
silica, in the form of cristobalite or tridymite. 

The foregoing phase data cover the inclusions arising 
from the deoxidation and from the reaction of man- 
ganese in the steel with the firebrick casting-pit refrac- 
tories. The identification of trapped slag and the 
reaction products of slag and refractories calls for a 
knowledge of the more complex systems containing 
CaO and MgO. 

Although the quaternary system CaO-MgO-Si0,— 
Al,O, has not yet been thoroughly worked out, much 
useful data can be obtained from a consideration of 
the four bounding ternary systems, CaO-Si0,—Al,0,, 
MgO-Si0,-Al,0,, CaO-MgO-Si0, and Ca0-Mg0- 
Al,O,. The quaternary system is of considerable 
complexity. Two binary solid-solution series occur, 
namely, the pyroxene series between clinoenstatite 
(MgO.Si0,) and diopside (CaO.MgO.2Si0,), described 
by Bowen, and the melilite series between akermanite 
and gehlenite, the thermal equilibrium diagram 
of which was determined by Ferguson and Bud- 
dington. According to McCaffery, Ocesterle, and 
Schapiro, one quaternary compound, madisonite 
(2Ca0,2Mg0.Al,0,.3Si0,), occurs, but Parker and 
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Fic. 9. Mix No. 13. Ercuep ALKALINE 
Sopium PrcoratTe. x 200. 






Ryder obtained no confirmation of the occurrence of a 
quaternary compound in a more recent investigation. 
Recent work by Rait has shown that the phase distri- 
bution proposed by McCaffery, Oesterle, and Schapiro 
requires modification. 

In the CaO-Al,0,-SiO, system, there is another 
ternary compound, anorthite (CaO.Al,0.2Si0,), which 
is a likely constituent of non-metallic inclusions, but it 
is interesting to note that grossularite garnet (3CaO. 
Al,O,.38i0,) is not found. Gehlenite (2Ca0.Al,0;. 
SiO,) melts congruently at 1,590 deg. C., crystallises 
as clear grains, and belongs to the tetragonal system. 
Anorthite melts congruently at 1,535 deg. C. and 
belongs to the triclinic plagioclase-felspar isomorphous 
series, a feature of which is multiple twinning. 

Mg0.Al,0, (spinel) belongs to the cubic spinel group 
of minerals, being isomorphous with hercynite 
(FeO.Al,0,) and galaxite (MnO.Al,0,). It melts con- 
gruently at 2,135 deg. C., and exhibits the characteristic 
property of the spinels in dissolving a considerable 
amount of alumina while retaining its spinel structure, 
the lattice spacing decreasing progressively with 
increasing Al,O, content. There is a eutectic between 
this solid solution and alumina. Structurally, the 
spinels are regarded as mixed oxides and the calcium 
aluminates as true oxygen salts; hence there is no 
solid solubility between the spinels and calcium 
aluminates. ; 

Forsterite (2MgO.SiO,) belongs to the orthorhombic 
group of minerals, being isomorphous with fayalite 
(2FeO.SiO,) and tephroite (2MnO.SiO,). Monticellite 
(CaO.MgO.SiO,) has a modified olivine structure and 
can dissolve about 10 per cent. of forsterite, but is not 
appreciably soluble in either forsterite, merwinite, or 
2CaO.SiO,. MgO.SiO, belongs to the pyroxene group 
of minerals, existing as monoclinic clino-enstatite at 
high temperatures and transforming to the ortho- 
rhombic form, enstatite, on cooling below 1,145 deg. C. 
The constitution of basic electric-furnace tapping slags 
and their reaction products with firebrick refractories 
may be deduced from these phase-combinations, as will 
be shown later. 

According to the recent review by White,* there are 
few data, beyond isolated observations, on the more 
complex systems containing CaO, MgO, FeO, MnO, 
SiO, and Al,O,, but it is to be expected that a feature 
of such systems will be the occurrence of solid-solution 
series in which the basic oxides (FeO, MnO, CaO and 
MgO) will be mutually replaceable by one another, so 
that “ mixed ” orthosilicates, metasilicates, spinels, etc., 
containing up to four basic oxides will be formed. The 
necessary conditions for solid-solution formation of this 
type are (a) that the crystal structures of the pure end- 
members of the series should be similar, and (b) that the 
sizes of the substituted ions should not differ widely. 
The basic oxides CaO, FeO, MnO, and MgO have the 
NaCl type of cubic lattice, but a continuous solid- 
solution series does not exist, because of large differ- 
ences in the ionic sizes. MgO and FeO are completely 
soluble in each other while CaO is immiscible with MgO 
and FeO in the solid state because the radius of the 
Ca ion (1-06 A) is much greater than that of Mg or Fe. 
FeO and MnO are only partly soluble in each other, 
and it is to be expected that CaO and MnO are soluble 
in each other to an even less extent. 

The orthosilicates fayalite (2FeO.SiO,), tephroite 
(2Mn0. Si0,), and forsterite (2MgO. Si0,). which are all 








* Loc. cit. 
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orthorhombic and rn to the olivine group of 
minerals, appear to be truly isomorphous and com- 
pletely viele i in each other in all proportions. The 
minerals knebelite (FeO.MnO.SiO,), picrotephroite 
(MgO.Mn0.SiO,), and chrysolite (MgO.FeO.SiO,), are 
members of this olivine series. The relationships between 
them and the corresponding lime compound, 2Ca0.SiO,,. 
are complicated by the fact that the latter can exist in 
three allotropic modifications «, 8, and y. 

The metasilicates belong to the pyroxene group of 
minerals. Rhodonite (MnO.SiO,) is triclinic, Mgo.sio, | “ 
exists as monoclinic clino-enstatite at high tempera- 
tures but transforms to the orthorhombic form, ensta- 
tite, on cooling below 1,145 deg. C., while CaO.Si0, 
exists as monoclinic pseudo-wollastonite or #-CaO.SiO, 
above 1,150 deg. C. and as triclinic wollastonite or 
B-CaO.SiO, below that temperature. At least three 
different solid-solution series, orthorhombic, monoclinic. 
and triclinic, are possible, and relationships in the 
silicate systems higher than ternary can be of consider- 
able complexity. 

Tentative phase diagrams of the systems MgO-Mn0O- 
FeQ-SiO, and CaOQ-MnO-FeO0-SiO, have been put 
forward by White. The diagrams hold for a tem- 


perature of 960 deg. C., at which 2Ca0.SiO, is in| 


the 8 form, and “ FeO.SiO, ” will form triclinic wollas- 
tonites with CaO.SiO,, and orthorhombic pyroxenes 
with MgO.SiO,. In the Mg0-MnO-FeO-SiO, diagram. 
complete miscibility of the orthosilicates is assumed, 
but a gap is shown in the metasilicate series separating 
the fields of the orthorhombic and triclinic pyroxenes. 

The constitution of acid open-hearth finishing slags 
can be worked out with the aid of these data. Such 
slags, with their low lime content, consist of about 
95 per cent. of FeO + MnO + SiO, and, accordingly, 
their constitution can be derived from the ternary 
system FeO-MnO-SiO,. Finishing slags are usually 
saturated with silica and contain up to 55 per cent. of 
SiO,. In the slowly-cooled condition they consist 
of primary crystals of silica in a silicate matrix, usually 
of the fayalite-tephroite series. 

Owing to the inadequacy of the data, it is difficult 
to deduce the constitution of the products of reaction 
between acid slag and firebrick. However, it is well 
known that the corrosive action of acid slag on firebrick 
ladle linings is very much less severe than that of basic 
slag, and few inclusions of this type are to be expected. 


(To be continued.) 





NOTES ON NEW BOOKS. 


The Early History of the Motor Car, 1769-1897. By | 
R. W. 


KIpNeER. e Oakwood Press, 30, White 

Horse Hill, Chisleburst, Kent [Price 6s. net.] 

The jubilee of the motor-car, recently celebrated in 
London, as recorded on page 111, ante, was really a 
celebration of the emancipation of the self-propelled 
road passenger vehicles from the restriction of the red 
flag. How much road-motor history was made before 
that freedom was attained is well reviewed in Mr. 
Kidner’s short survey. The booklet is uniform in style 
with his earlier volume on The Railcar, 1847-1939, 
which appeared towards the end of the latter year, and 
it displays an equally detailed knowledge of historical 
sources, factual and illustrative. The review goes some 
way beyond the modern implication of the title, as it 
includes traction engines and, in the concluding chapter, 
steam lorries. The author is not quite correct, however, 
in referring to the Thornycroft steam van in the past 
tense, for it still exists and, as we can vouch, was 
running under its own power only a few weeks ago; 
and it was not built by Sir John I. Thornycroft, the 
‘famous torpedo-boat builder... at his Chiswick 
works,” as stated, but by his son, Sir John E. Thorny- 
croft, the present head of the firm, in the studio of his 
sculptor uncle, Sir Hamo Thornycroft. The book forms 
Part I of a “ Short History of Mechanical Traction and 
Travel,” designed to bring the story down to 1946. 
Part II, in preparation, will contain a bibliography and 
an index to the complete work. 





** WET-STRENGTH ” PaPER.—A method of increasing 
the strength of paper when wet by treatment with water- 
soluble synthetic resins is described and illustrated in 
Bulletin No. 3, July, 1946, issued by Messrs. Aero 
Research, Limited, Duxford, Cambridge. Photographic 
papers, filter paper, paper for towels, sacks, maps, etc., 
have been treated, some 40,000 tons having been pro- 
duced, although the process was introduced only last 
year. ‘‘ Wet strength” paper is not impermeable to 
water and does not differ in appearance from untreated 
paper, but it retains up to 50 per cent. of its dry strength 
after prolonged immersion in water. Typical tests show 


that with two strips of the same kind of paper under 
tension, one, which was untreated, broke under a static 
load of 0-5 kg., while the other, which had been treated, 
carried 2-0 kg. without breaking. The treated paper 
also shows a greatly increased resistance to abrasion in 
the wet condition. 
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AERONAUTICS. 


576,797. Undercarriage Motor-Drive Unit. Miles 
Aircraft, Limited, of Reading, and L. C. Heal, of Reading. 
(1 Fig.) April 19, 1944.—Electric motor drives for 
| undercarriages are liable to fail during use, either as a | 
| result of burning-out of the windings, or due to the elec- 
trical wiring being damaged by gunfire. The invention 
is an electric motor control unit, in which the motor and 
its wiring are duplicated to reduce the risk of complete 
breakdown during operation. The unit includes two 
electric motors, one being the master motor normally 
operating and the other being a stand-by motor. The 
two motors are interconnected by a bevel differential, 
the output shaft of which works the undercarriage, both 
motors being attached to the differential casing. The 
master motor incorporates a centrifugally-operated | 
switch arranged to bring the other motor into circuit 
when the master motor breaks down. So that each motor, 
when inoperative, remains stationary and permits the | 
differential gear to operate correctly, the motors i) 
provided with solenoid-actuated brakes, automatically | 
released on current being passed through the windings, | 
and operated by springs. The stand-by motor is brought | 
into use automatically immediately the master motor | 
ceases to rotate. When a master switch is operated to 
complete the electrical cifcuit, both t will start, 
but the centrifugal switch will operate to break the 
| electrical circuit through the stand-by motor, the master 
| motor only continuing to rotate. The external wiring 
| leading to the motors is segregated to minimise the risk of 
| the wiring leading to both motors being damaged at one 
time by gunfire. Indicator lights are incorporated in the 
electrical circuits to ensure that each electrical circuit 
is complete before “‘ taking off.”” (Accepted April 18, 
1946.) 











GUNS AND EXPLOSIVES. 


577,036. Torpedo Firer. The British Power Boat 
Company, Limited, of Southampton, Imperial Chemical 
Industries, Limited, of London, S. N. Barker, G. S. Selman, 
and V. G. Bull, of Southampton; V. C. E. Marten- 
Gwilliam, of Barton-on-Sea, R. Wark, of Irvine, and T. 
Thomson, of Kilmarnock. (2 Figs.) May 14, 1940.— 
The pressure required in a torpedo-tube to launch a 
torpedo is only a few atmospheres, and at pressures 
below about 20 atmospheres smokeless powders do not 
burn satisfactorily. The invention is a combustion 
chamber connected to the rear end of the torpedo tube 
and a propellant charge proportioned so that the fast- | 











burning portion builds up an adequate pressure to com- 
plete combustion and the slow-burning portion maintains 
an adequate pressure in the tube during the discharge of 
the torpedo. The combustion-chamber consists of a 
cylindrical body 10, hemispherical at one end and closed 
at the other end by a breech, and an interrupted-thread 
breech block 12 which slides into position on guide rails 
14. A cartridge-case 15 containing the propellant charge 
and closed by a celluloid dise 17, is held between the 
breech-block and the breech by a split cartridge holder 18. 
In the base of the cartridge is a primer 19. The firing pin 
20 in the breech-block is driven into the primer by a 
spring-loaded piston-bolt. The combustion-chamber is 
connected to the torpedo-tube 30 by a Venturi nozzle 31, 








in diameter. A safety plug 46 is screwed into the hemi- 
spherical end of the combustion chamber. To launch a 
711 kg. torpedo 450 mm. in diameter from a torpedo-tube 
4 metres in length, the combustion-chamber has a cayja- 
city of about 5} litres, and the throat diameter of t}. 
Venturi nozzle is 12-5 mm. The propellant. charge in t}. 
cartridge consists of 48-5 gm. of a fast-burning composi- 
tion containing nitro-glycerine 41 per cent., nitro-cel}y- 
lose 50 per cent., and diethyl-diphenyl! urea 9 per cent. j), 
the form of cords 1-2 mm. in diameter, together wit}, 
248 gm. of a slower burning composition containing 
nitro-glycerine 35-5 per cent., nitro-cellulose 51-5 per 
cent., diethyl-diphenyl urea 4:75 per cent., diamy|- 
phthalate 7 per cent., mineral jelly 0-25 per cent., ani 
potassium nitrate 1 per cent., in the form of tubes each 
about 17 cm. long and of 3-5 mm. web thickness. The 
tubes are wrapped around the cords and the whole charge 
is loaded in the brass cartridge-case 15. When the curt - 
| Tidge is fired, a chamber pressure of 102 atmospheres is 
| maintained for about yy second. This gives a maximum 
| pressure of about 5 atmospheres in the torpedo-tube, and 


ejects the torpedo within half a second, (Accepted 
May 2, 1946.) 
MINING. 
576,914. Loading-Conveyor Clutch. The Mining 


Engineering Company, Limited, of Worcester, and M. S. 
Moore, of Worcester. (3 Figs.) March 9, 1944.— The 
motor carried by the cutter part of a loading machine 
drives the loading bar, the conveyor, and the shearing 
cutter. In very hard coal bands, large blocks are encomn- 
tered which may jam between the rouf and the conveyor, 
causing damage to the latter. The invention is an 
improved clutch arrangement in a loading machine 
permitting slip in the conveyor drive. The armoured 
conveyor belt 1 has on each side chains 2, driven }) 





(576,014 ) 


sprockets 3. The drfving shaft 6 is in two halves con 
nected by the dog clutches 16. The clutch is in two 
sections, one on each side of the dog clutches 16. The 
sprockets 3 are carried by bearings 5. and are connected 
by the cylindrical enclosing sleeve 7. The bearing 5 
only comes into action when the clutch slips. The 
driven plates of the multi-plate clutch engage the 
enclosing sleeve 7. The driving plates are carried on the 
driving-shaft sections. Discs of clutch-lining material 
are used between the driving and driven plates. The 
dog clutches carry pins 18 holding loading springs 19 for 
the clutch plates. To vary the spring loading, the loading 
pins 20 can he adjusted by a nut 21. (Accepted April 26, 
1946.) 


MISCELLANEOUS. 


576,794. StoneSaw. Impregnated Diamond Products, 
Limited, of Gloucester, and J. Ferrari, of Glasgow. 
(3 Figs.) April 8, 1944.—The invention is a circular saw 
used particularly for stone-cutting, and provides a supply 
of coolant to the working part of the saw; it also 
provides for flushing slurry from a deep cut. The saw 
| blade 1 has radial ducts 2, 3 extending from the blade- 


| carrying spindle 4 to the periphery of the blade. The 




















(676.794) 3- 


ducts are connected by radial passages with a cavity 7 
in the spindle and supplied with liquid coolant. The 
spindle 4 is journalled in a stuffing box 8 to which is led 
a tube 9 for the supply of water under pressure to the 
cavity 7. Near the passages, the spindle has annular 
grooves open to the passages and to the ducts 2,3. The 
ducts are channels cut in the blade and covered by metallic 
strips 12, so as to leave shallow passages for water flowing 
outwardly to the periphery of the blade. The channels 
are formed on both faces of the blade in alternation. 





protected by a grid 32, with perforations about ~& in. 


(Accepted April 18, 1946.) 
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CONDENSER-DISCHARGE 
MAGNETISER FOR 
PERMANENT MAGNETS. 


By F. BrartsForD, Ph.D., Wh.Sc., 
A.M.1.E.E. 


A PERMANENT magnet in its finished form requires 
a high applied magnetomotive force to magnetise 
it. The magnetising field strength in the material 
needs to be of the order of 1,000 to 2,000 gauss, 
depending on the magnet alloy concerned, and to 
obtain this high field, with little space available for a 
magnetising winding, may be a matter of some 
difficulty. A convenient method is to pass a high 
unidirectional current for a short time through a 
single conductor threading the magnet. If, for 
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example, the length of the flux path through the 
magnetic material is 15-cm., and the air-gap is 
closed with a piece of soft iron, then a field of 
2,000 gauss would be produced with a current of 
about 24,000 amperes. Various expedients may 
be adopted to pass a pulse of current of this ampli- 
tude, but a particularly simple method, in which 
the pulses may be accurately repeated, is that 
described here. In this method a condenser is 
charged from the direct-current mains, and then 
discharged through the primary of a transformer. 
The secondary current is then employed to magnetise 
the magnet. This system has already been used 
successfully in spot-welding machines where, for 
light alloys, currents having an amplitude of 60,000 
amperes or more may be employed. 

The elementary circuit of the magnetiser is shown 
in Fig. 1. The switch a is first moved to charge the 
condenser C,, from the direct-current supply of 
voltage V,. A resistance 6 in this circuit is included 
to limit the initial charging current to a few amperes. 
The switch is then thrown over and the condenser is 
discharged through the primary winding of trans- 
former d. At any instant a current i, in the primary 
circuit is accompanied by a secondary current 4,, 
these currents being in the inverse ratio of the 
primary and secondary transformer turns if the 
magnetising current of the transformer is small. 








The current i, then threads and magnetises the 
magnet e. ; 


_ENGINEERING. 


The circuit elements may be adieiial. as in 
Fig. 2 (a). The transformer is shown as & mutual 
inductance M having L,, and L,, as the primary 
and secondary magnetising inductances with perfect 
coupling between the windings. The primary leak- 
age inductance of the transformer is then included 
in 1,, the total inductance of the primary circuit, 
while the secondary leakage inductance is included 
in 1,, which represents the total secondary circuit 
inductance. r, and r, are the total resistances in 
the primary and secondary circuits, respectively, 
and C, the capacitance of the condenser. The 
differential equations for this arrangement are 
readily set down, and lead to cubic equations in 
either ¢, or i, but, for our purpose, it is not necessary 
to have a solution of these since the circuit may be 
further simplified. In Fig. 2 (6) the ratio of primary 
to secondary has been made unity and the transfor- 





where « is the base of iiinin logarithms, tamax is 
the peak value of the secondary current, t,, is the 
time taken for the current to rise to its peak value, 
bmax is the total change of the induction occurring 
during the condenser discharge, A is the net cross- 
section of the transformer core, T, is the number 
of turns on the primary winding and the other 
symbols are as before. Formule may, of course, 
be obtained also for the instantaneous values of the 
currents, core flux and condenser voltage, but those 
given are sufficient to make a preliminary estimate 
of the required value of condenser capacitance and 
the size of transformer. 

It was required to magnetise simultaneously a 
pair of tungsten magnets, and a current of not less 
than 20,000 amperes was decided on. The photo- 
graph reproduced in Fig. 3 shows the general 
arrangement. The magnet assembly is slipped over 
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mer is replaced by the inductance L. Now the 
current in L would be that corresponding to the 
magnetising current of the transformer. If the 
transformer core is designed with an adequate 
cross-sectional area, this current may be made small 
enough to be neglected when compared with the 
load currents. In any case, the non-linear relation 
between magnetising current and induction in the 
iron core would, in itself, prevent very exact calcu- 
lations being made. The inductance L may thus 
be omitted and the circuit further simplified to that 
shown in Fig. 2 (c). In this circuit C is the capaci- 
tance referred to the secondary side, t.e., C = n?C,, 
where 7 is the transformer turns ratio. r is the total 
resistance and / the total inductance referred to the 
secondary side, so that 
r=f,+ 4 and | =/, + = 

Now, as is well known, if the condenser C is 
discharged in this circuit the current will be oscilla- 
tory or non-oscillatory depending on whether 41 is 
greater or less, respectively, than C r*, and this clearly 
depends, not only on the primary and secondary 
circuit values but also on the transformer ratio. 
In the present case, the highest possible peak current 
is required, but without oscillation, since any reverse 
current following the initial forward current will 
partially demagnetise the magnet. This result 
is achieved for the critical condition when 47 = C r*. 
It is also necessary that the time taken for the secon- 
dary current to build up from zero to its maximum 
value should not be so short that eddy currents in 
the magnet material, or skin effects, prevent the 
magnet from being fully magnetised to the centre 
of its cross-section. 

For the critical condition it is readily shown that 


4l1=Cr* 
e712 max! = C, V? 
21 =r toax 


bmax AT, = V; 7 n?C, 108 





the secondary conductors, the arrangement being 
such that, making use of the magnet air-gaps, this 
may be done without breaking the secondary 
circuit. The whole is supported on the single 
secondary turn of the transformer made of 6 in. by 
% in. high-conductivity copper with an internal 
diameter of 103 in. This secondary fits closely over 
the primary winding consisting of 270 turns of 
0-128 in. square double cotton-covered copper wire. 
This arrangement of the windings was intended to 
make the leakage impedance of the transformer, 
which is a substantial part of the impedance of 
the whole equipment, as low as possible. Since it 
was not possible to calculate accurately the induct- 
ance and resistance of the whole secondary circuit, 
including the conductors threading the magnetising 
assembly, the primary winding was provided with 
tappings so that, on test, the tapping giving the 
best results could be selected. 

The form of the transformer core is clear from 
Fig. 3. It was built of dynamo sheet rather than 
the usual transformer steel since iron losses are not 
important in this application, and the former 
material has a higher saturation value, which is 
advantageous in the present case. The section of 
iron is determined by the total flux swing occurring 
during a condenser discharge. If the flux rises 
much beyond the knee of the magnetisation curve 
of the core steel, the magnetising current becomes 
large and may absorb a large fraction of the primary 
current with the result that the secondary current 
is substantially reduced. Since, following a dis- 
charge, the core will be left with a remanent mag- 
netisation and the next flux swing will be added to 
this, it will be clear that a very substantial saving in 
core section is obtained by reversely magnetising 
the core before each shot. In the present case, this 
was done by passing a reverse current of 6 amperes 
in the 270 turns of the primary. By this means 
a flux swing of 20,000 gauss at least, say, from a 
remanent value of —6,000 gauss to a maximum 
value of +14,000 gauss, could be admitted readily 
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without appreciable loss of current for magnetising 
and with a minimum weight of transformer core. 
A liberal margin, however, was allowed on the core 
section to cover possible errors in the estimate of 
the primary and secondary impedances. The 
assembly of the secondary conductors threading 
the magnet and the associated circuit was of such 
a form that only a very approximate estimate of 
its resistance and inductance could be made. The 
net core section was made 35 sq. in., and the total 
resistance and inductance of the whole apparatus 
referred to the secondary with 270 primary turns 
were taken to be 85 microhms and 0-34 micro- 
henries, respectively. 

_ The condensers employed were supplied by British 
Insulated Callender’s Cables Limited, and were of an 
improved electrolytic type in 750-microfarad units 
suitable for a forward working voltage of 500 volts 
and a reverse voltage of 250 volts. In the present 
case, with non-oscillatory conditions, no reverse 
voltage will appear on the condensers. The con- 
denser bank consisted of six units and thus had a 
nominal capacitance of 4,500 microfarads. The 
calculated secondary currents using the impedance 
values given above, and for a supply voltage of 
495 volts, are given in Fig. 4 for three transformer 
ratios. Critical conditions occur for a ratio n = 188, 
the current being oscillatory for a lower ratio and 
over-damped for a higher one. The calculated 
instantaneous values v, of the condenser voltage 
(full lines) and the flux swing 5 in the transformer 
core (dotted lines) are given in Fig. 5, the curves 
lettered A, B and C corresponding to transformer 
ratios of 110, 188 and 290, respectively. The 
curves of 6 show only the change of induction above 
the remanent value in the iron initially, and, 
therefore, if the core is pre-magnetised in reverse 
direction, as already described, the true induction 
in the core will be lower than the values read off 
the curves. Oscillograms taken during tests on the 
equipment under operating conditions indicated 
best resuits with a transformer ratio of n = 135. 
The oscillogram for this case is reproduced in 
Fig. 6, and indicates a maximum current of 26,600 
amperes with tya,y = 0-004 second. Comparison 
of this oscillogram with the calculated curves 
indicates that the effective inductance of the 
apparatus is somewhat lower than the estimated 
value and the resistance rather higher. 

The tungsten magnets for which this apparatus 
was required had a thickness of 0-25 in., and the 
question arises whether a short magnetising pulse 
of the kind obtained will fully magnetise the material 
to the centre of its cross-section. An exact calcu- 
lation would appear to be impossible, particularly 
in view of the non-linear magnetisation curve of the 
magnet material, but an estimate may be made in 
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the following manner. The current curve rises 
from zero to @ maximum in about 0-004 second, 
and this part of the curve is assumed as equivalent 
to part of a sine wave of frequency 60 cycles per 
second. Now if we consider a steady sinusoidal 
applied field it may be shown, for a wide sheet of 
magnetic material of any thickness magnetised in a 
direction parallel to its surface, that* 

_ 2 

H, cosh 2 pa + cos 2 pa 
where H, is the amplitude of the applied field and 
H, is that of the resultant field acting at the centre 
of the material, the latter being lower than the 
former because of the induced eddy currents. 


2a is the thickness and p = 2” a/ a where 1» is 


the permeability, f the frequency, and p the resis- 
tivity of the steel. 

Since the permeability is not independent of the 
applied field it is necessary to use some average 
value for ». Suppose yz is assumed to be as high 
as 50, and p taken to be 25,000 abohm cm. with 


f= 60. For these values, -_ = 0-93, which indi- 
& 


cates that the field at the centre is about 7 per cent. 
lower than on the surface. This is probably a 
pessimistic figure since the permeability falls con- 
siderably as the material approaches saturation. 
While the calculation indicates only the order of 
the effect it is sufficient to show that, for the magnets 
considered, no trouble on this account need be feared, 
since a 7 per cent. difference in applied field corre- 
sponds to a much smaller difference in the induction 
on the upper part of the magnetisation curve. 
Tests made on finished magnets confirmed that the 
method of magnetising was entirely satisfactory. 

The author wishes to thank Sir Arthur P. M. 
Fleming, C.B.E., D.Eng., Director of Research and 
Education, and Mr. B. G. Churcher, M.Sc., M.I.E.E., 
Manager of Research Department, Metropolitan- 
Vickers Electrical Company, Limited, for permission 
to publish this article. 











INSTITUTE OF TRANSPORT.—The Council of the Insti- 
tute of Transport have authorised the formation of a 
Sussex Group with headquarters at Brighton. The 
group will be a constituent part of the Southern Section. 





CuTTInG-TooL SAFETY SHIELD.—A leaflet describing 
the ‘‘ Optiguard ” magnetic safety shield for cutting 
tools has been received from the Silvaflame Company, 
126, Woodlands-road, Birmingham, 11. The shield 
is designed to protect the operator from flying chips 
or sharp swarf from any cutting tool without inter- 
fering with his vision of the cutting action. It consists 
of a sheet of thick transparent Perspex attached to a 
light arm which is secured to a permanent magnet of 
cobalt steel. The arm is formed to enable adjustment 
of the shield to be made both as to height and angular 
position; the equipment includes three extension rods 
of different lengths for use with the arm. The magnet 
base has sufficient grip to hold the shield in place when 
placed on any convenient part of the machine concerned, 
no bolts, screws or other attachments being required. 





* Russell, A., Theory of Alternating Currents, Vol. 1, 





page 495 (Cambridge, 1914). 
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Building Geometry. By W. J. STONE. 
and Company, Limited, 43, Albert-drive, 
S.W.19. [Price 7s. 6d.) 

THE relatively unfinished appearance of most 

engineering drawings, compared with those of the 

architectural draughtsman, is more superficial than 
real, since the engineer’s drawings are clearly 
sufficient for the needs of the actual constructor ; but 
those who have examined the engineering drawings 
of a couple of generations ago may be pardoned for 
wondering whether, in practising his almost aggres- 
sive functionalism, the engineering draughtsman is 
not missing something of the creative pleasure that 
his work ought to give him, and which the architec- 
tural draughtsman can still enjoy. Certainly, a 
large proportion of the staffs of modern engineering 
drawing offices would find real difficulty in complet- 
ing some of the specimen drawings in Mr. Stone’s 
book, because of their lack of expertness in solid 
geometry, a study in which real proficiency brings 
an artistic satisfaction as well as a marketable accom- 
plishment. The usefulness of the book to the 
student of building is self-evident from even a 
cursory perusal of its descriptive matter and the 
large number of excellent line drawings, but it may 
be commended also to the mechanical or civil 
engineer who appreciates the value of the “little 
extra something” that so many present-day 
draughtsmen have not got. The scope of the book 
extends up to, and a little beyond, the S 1 and 82 
National Certificate standard. 





Building Insulation. By PavuL D. CLosE, B.S. Second 
Edition. American Technical Society, Chicago, U.S.A., 
and the Technical Press, Limited, Gloucester-road, 
Kingston Hill, Surrey. [Price 24s. 6d. net.] 

THE conservation of heat by insulation is of the 

greatest importance, yet among the myriad books on 

technical matters of every kind, those devoted 
wholly or in part to insulation are very few. The 

Fuel Efficiency Bulletin No. 12, issued by the 

Ministry of Fuel and Power, is a useful review of the 

thermal insulation of buildings, and the present 

work constitutes a valuable text-book on the subject. 

The low temperatures encountered in many 

of the United States have resulted in much attention 

being paid to insulation, particularly of the frame 

and other comparatively light structures usual in 

American domestic architecture. Mr. Close, who 

is the technical secretary of the Insulation Board 

Institute, describes the materials and methods used 

in great detail; they are, of course, of universal 

application. The growing awareness of the import- 
ance of insulation in this country is exemplified 
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by the recommendations of the Egerton “ Report 
on the Heating and Ventilation of Dwellings ” 
(Post-War Building Studies, No. 19); whereas, 
before the war, the normal comparative thermal 
transmittances, in B.Th.U. per square foot per hour 
per deg. F. difference, were 0-34, 0-35 and 0-56 
for the external walls, ground floor, and roof and 
top-floor ceiling, respectively, the Egerton Report 
recommends maxima of 0-20, 0-15, and 0-30. 

The obvious advantages of structural insulation 
are a saving in fuel, greater comfort both in winter 
and summer, and less tendency to condensation. All 
these aspects are adequately dealt with in the book 
under review, and the importance of “‘ vapour 
barriers ’’ is clearly explained. A short chapter is 
devoted to pipe and duct insulation: a complete 
discussion of this aspect, however, would require 
a separate volume. In addition, the book deals 
informatively with sound insulation, architectural 
acoustics, and machinery isolation; but its main 
theme is thermal insulation. The author’s list of 
commercial insulating materials covers 13 pages, 
although set in six-point type (the size used in 
ENGINEERING for footnotes), and most of these 
materials are principally thermal insulators. Swedish 
Danish, Norwegian, Finnish and Canadian products 
are included in the list of more than 200 proprietary 
materials, but we noticed the name of only one 
British firm. A more general observance of the 
principles enunciated in the book would prevent 
the erection, too common in the past, of industrial 
buildings with literally acres of the lightest type of 
uninsulated roofing. In any future edition, a more 
detailed account of American practice in the insula- 
tion of cold-storage buildings would be of interest. 








The Story of British Railways. By BARRINGTON TATFORD. 
Sampson Low, Marston and Company, Limited, 43, 
Ludgate-hill, London, E.C.4 [Price 21s. net]; and 
Trains, Tracks and Travel, by PROFESSOR T. W. VAN 
METRE. Seventh edition. The Simmons-Boardman 
Publishing Corporation, 30, Church-street, New York, 
N.Y., U.S.A. [Price 3-50 dols.]} 

THESE two books are reviewed together because they 
provide an interesting comparison in the presenta- 
tion, on the two sides of the Atlantic, of the essen- 
tials of railway operation in a manner that is not 
over the head of the general reader—especially the 
youthful general reader—while being technically 
accurate enough to retain the attention of those who 
have some experience in the field covered. Mr. 
Tatford’s book is a new publication in a long line of 
successive popular works, of which the mid-Vic- 
torian Our Iron Roads of F. 8S. Williams and the 
Edwardian Our Home Railways, by W. J. Gordon, 
are typical of their respective eras ; fairly general 
in scope, illustrated liberally but often with an eye 
mainly to pictorial effect, usually accurate because 
they depend largely upon information officially 
supplied, and, withal, eminently readable. Mr. 
Tatford has condensed « great deal of information 
into his book and evidently sympathises with the 
reader of precise mind who likes his facts to be 
properly dated ; chronology enters largely into his 
survey, and rightly so. The illustration is lavish, 
though sometimes the reproduction sufiers from 
attempts to crowd too many photographs on to one 
page, and a few of the originals are not of the first 
quality. In general, however, they serve their 
purpose well. 

Professor Van Metre occupies the Chair of Trans- 
portation in Columbia University, New York, but 
his book displays little of the ex cathedra style com- 
monly associated with professorial literature. It 
was written, in fact, some 20 years ago, for the 
entertainment of his son and still preserves the 
characteristics attributable to its origin in spite of 
successive revisions and modernisations. While de- 
signed, however, like the Christmas Lectures of the 
Royal Institution, for “a juvenile auditory,” it is 
up-to-date in its matter and ranges over a wide field 
which includes civil engineering, signalling, the 
handling of passenger and freight traffic and design 
of rolling stock, and a selection of war-time operating 
statistics—all, of course, relating to American rail- 
roads, except for a few references to the neighbouring 
systems of Canada and Mexico. As in the case of 
Mr. Tatford’s book, the illustrations are numerous 
and form a valuable supplement to the text, though 





some of the blocks are rather worn ; this is particu- 
larly unfortunate in the earlier chapters, dealing with 
the historical aspects of the subject, as many of 
them are of great interest and deserve clearer 
reproduction. 





Aircraft Engineer’s “‘C” Licence. By GROUP-CAPTAIN 
G. W. WiLiiaMson, M.Inst.C.E. British Aviation 
Publications, Limited, Tower House, Southampton- 
street, London, W.C.2. [Price 17s. 6d. net.] 

Tuis volume is a companion to a similar one dealing 

with “‘ A ” licence requirements, by the same author, 

which was reviewed on page 417 of the 160th volume 
of ENGINEERING (1945). The “A” licence covers 
work on airframes and the “C” licence deals with 

aero-engines in the same way. The possessor of a 

““C” licence is allowed to certify an aircraft as safe 

for flight in respect of the engine, its accessories and 

auxiliaries, after minor repairs or what is generally 
referred to as a “top overhaul.” Thus the two 
volumes deal with the complete aircraft for daily 
maintenance and minor adjustments necessary in 
ordinary servicing. It is proposed to complete this 
series of text-books with a third volume dealing with 

‘*X ” licences, which cover similar duties in respect 

of such items of equipment as instruments, electrical 

equipment for power, light and heating, and radio 
equipment. 

The engine is described in chapters dealing with 
types and constructional principles, engine controls, 
engine instruments, fuel, oil and cooling systems, 
carburettors and ignition. Propulsion is the subject 
of a separate chapter, on airscrews. Maintenance 
work is discussed in chapters dealing with servicing, 
engine changing, top overhauls and testing and 
adjusting for flight. These chapters cover most of 
the ground in a manner suitable for a maintenance 
engineer, and each is elaborated by a list of books 
for further study and a set of questions for self- 
examination. Ifa reader can answer these questions 
with confidence, his knowledge of the subject matter 
in that chapter is certain. It is a pity that there is 
no mention of the internal-combustion turbine in 
the engine chapters, nor any reference to jet pro- 
pulsion when dealing with propellers. The success 
of these in aviation is now sufficiently assured to 
warrant their place in any up-to-date text-book. 

The book concludes with a valuable chapter on 
studying for and passing examinations. This should 
be especially useful to the type of candidate who 
fails to do himself justice in such a test simply 
because he does not appreciate the technique of pre- 
senting his knowledge in an understandable manner. 
It emphasises the importance of using good simple 
English, correct spelling, care in arithmetic, and 
clear sketches; all of which are important to a 
candidate who must pass such an examination as a 
necessary step in his career. 





The Law of Trade Unions. By H. Samuels, M.A. Second 
edition, Stevens and Company, Limited, 119-120, Chan- 
cery-lane, London, W.C.2. ([Price, 6s, net.] 

In reviewing the first edition of this book, on page 
363 of our issue of April 19, we observed that 
evidently it had been printed before the repeal of 
the Trades Disputes Act of 1927 and we suggested 
that the author might consider it desirable to pre- 
pare a revised edition to take account of the effect 
of restoring the pre-1927 status quo in this respect. 
This, Mr. Samuels has now done, but he has 
simplified the task by referring to the provisions 
of the 1927 Act only in an appendix ; since, as he 
says, they “‘ have now a purely historical interest.” 
He draws attention to the practical detail that 
trade-union officials must now amend their rules 
relating to political funds to conform with the pro- 
visions of the Trade Unions Act of 1913. The 
appendix dealing with the repeal of the 1927 Act 
is entitled “‘The Effect of the Trades Disputes and 
Trade Unions Act, 1946” and details the position 
of a trade union in connection with a general strike, 
peaceful picketing, intimidation, the political fund, 
and membership of trade unions by established Civil 
Servants and by employees of local and public 
authorities. The book will be found a valuable 
work of reference by all who are concerned with 
trade-union law. 
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H.M.SS. ‘‘ MINERVA’’ AND 
‘* MAGNIFICENT,’’ 1914-1917.* 


By Enoineer Caprain Epaar C. Smita, 
O.B.E., R.N. 


(Concluded from page 75.) 


THE scene which greeted us at Tenedos and Lemnos 
(see Fig. 7, on page 148) on the stormy Feb- 
ruary 27, 1915, when, for the first time, we lighted 
the ward-room fire, was in marked contrast with those 
we had become accustomed to around the Sinai 
Peninsula. Gathered together in the anchorages 
was a grand array of battleships, cruisers, destroyers, 
submarines, minesweepers, transports, colliers and 
supply ships, among which the Minerva, in her 
sand-coloured paint, must have appeared like an 
exotic plant. We were soon off again, back to Port 
Said with General Birdwood and his staff, carrying on 
the return journey to Lemnos other, though less 
distinguished, mgers. We were next sent 
patrolling in the Gulf of Xeros, in company with 
the Dartmouth, which, a day or two later, had a 
disastrous explosion with one of her Yarrow boilers, 
the worst explosion in the Navy since that in the 
Thunderer in 1876. 

In the preceding weeks, there had been much 
bombarding of the forts on both sides of the Straits 
of Gallipoli and much mine sweeping. On March 16, 
we were informed that there was to be a grand assault 
next day, with the Minerva as one of the leaders. 
“* We each of us,” wrote Such, “ are writing farewell 
letters and entrusting them to one another,” and 
he added that “‘ several wills have been drawn up.” 
That night, however, we learned that all arrange- 
ments had been cancelled and that the Commander- 
in-Chief, Vice-Admiral S. H. Carden, was sick; so, 
on March 18, instead of entering the jaws of death 
and taking part in the action in which three battle- 
ships were lost and others badly damaged, we were 
peacefully steaming towards Malta, taking Admiral 
Carden to hospital. This unexpected trip enabled 
the ship to spend a day in dry dock, having the hull 
and propellers cleared of barnacles. Back ‘at 
Mudros on the 23rd, we were sent first to the 
Pireus and then to Dedeagatch with Colonel 
Doughty-Wylie, with whom I spent the evening 
playing chess. His knowledge of Turkish affairs 
and his soldierly qualities led him to be chosen 
to lead the attack on the Sedd-el-Bahr forts on the 
fateful April 25. He was killed in the assault and 
was posthumously awarded the V.C. 

During the latter part of March and the early 
part of April, the ship was in the Gulf of Adramiti 
and the Gulf of Smyrna. On April 16, we had a 
most exciting chase. In a letter home, I wrote 
‘Such a scramble we have had to-day. Into an 
out-of-the-way shelter to coal—just beginning our 
task when a signal came, dispatching us after an 
enemy torpedo boat. Slap dash, things have to 
go together—steam is up again in no time—engines 
are soon busily churning round and round and then 
comes a run at full speed—ding dong—ding dong 
we go racing along. The enemy is there—steering 
such and such a course—our destroyers are on her 
heels—another is steaming to head her off—we 
following—ding dong—ding dong—we enter a 
beautiful strait—skirt past pleasant villages—all 
eyes are strained for the appearance of smoke. 
The enemy is known now to be between two fires— 
he cannot escape—shall we see him? And so on. 
The engines rattle around, the ship vibrates and we 
are now doing our top speed—we are going faster 
than we have done since the war began. The next 
news is the enemy has run ashore and the crew 
are leaving their ship, and thus the hunt ends. 
We come in at the kill, as it were. A party goes 
aboard to wreck the engines and the incident is over. 
That is how the day has passed. Such a scramble.” 
The out-of-the-way shelter was Sigri, in the Isle 
of Mitylene; the beautiful strait, Khios Strait ; 
the destroyers the Jed, Kennet and Wear; the 
enemy the Demir Hissar. She had fired three 
torpedoes at the transport Manitou, one of the 
last carrying the 29th Division to Gallipoli. All the 





* The previous article in this series appeared on 
pages 577 and 601, of vol. 161, (1946). 
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torpedoes missed, but a panic aboard led to a boat 
accident and the loss of some 50 lives. 

So the days passed, with much running hither 
and thither until the final assault on the beautiful 
Sunday morning, April 25, when all Nature smiled. 
Our station in the great armada was off the little 
promontory of Gaba Tepe, close to which the 
Australians were to have been landed, but, perhaps 
fortunately, were not. Day followed day with 
shootings and bombardments from the ships and 
@ soldier’s battle ashore. Not only Gaba Tepe, but 
Chana-Ovasi, Anzac and Helles figured in our 
itinerary, while always in the distance was the hill 
of Achi Baba, much striven for but never gained. 
The story of those days has been told a score of 
times. As almost a spectator, to my mind came 
again and again the lines 

“In peace there’s nothing so becomes a man 

As modest stillness and humility, 
But when the blast of war blows in our ears, 
Then imitate the action of the tiger.” 


Anything less like the action of the tiger than our 
operations against the Turks is difficult to imagine. 
Instead of those preliminary actions of February 
and March with their heavy losses in ships and 
men it might have been cheaper to send the Turks 
placards saying that we were coming and would 
let them know when we would be ready. One did 
not need to be a student of war to realise that 
behind it all there was no master plan, no master 
mind. Of heroism there was no end on both sides, 
for courage is a monopoly of no race, but the 
campaign was doomed to end in a stale-mate. The 
Minerva was off the Peninsula for a month and 
during that time led a charmed life ; shells fell into 
the sea close by and spent bullets came aboard but 
no one was hurt. 

The first three weeks of May over we were sent 
again to the Gulf of Smyrna. On Sunday, May 23, 
I had the most enjoyable day of 1915. At the 
invitation of Captain Warleigh, I accompanied him 
on a drive from the beautiful little land-locked 
harbour of Iero to visit the Governor of Mitylene 
and ask permission to use the harbour. Our winding 
hilly road ran between acres and acres of white- 
blossomed olive trees, with peeps of clustering 
villages and nearly always a glimpse of the sea, 





There was a rocky promontory with an old fort, 
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a little crowded port, red-tiled villas set in gardens, 
and everywhere olives. So to the Governor, then 
to the Consul, and back to the Governor, on 
whose writing table were bombs and shells, and 
also a pair of tiny shoes which set the thoughts 
racing. Withdrawn from the Gulf, we were sent 
patrolling in the Aigean. How many classic isles 
we visited, how many ancient harbours we entered, 
how many craft we examined, and how many 
submarines we reported, I cannot say. I seldom 
knew where we were going or why. It was no one’s 
business to tell me, and I didn’t ask. My job was 
to see the bunkers did not get too depleted, the 
boilers too dirty, the engines too noisy; to cool 
the ammunition, distil the water, to be ready for 
emergencies, care for my staff, assist in mess 
affairs, on weekdays to play deck cricket, and on 
Sundays the Te Deum. Macdonald had once 
caricatured Warleigh at the reading desk and me 
at the harmonium, but we now had a padre, the 
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Rev. W. E. G. Jackson, and the captain was thus 
released from his ecclesiastical duties. The small 
voluntary services on the half-deck on Sunday 
evenings were, I think, the most appreciated and 
always ended with Hymn 595, A. and M. By the 
end of June, Warleigh was a sick man, and early 
in July he left us for good. Most of us were sorry 
to lose him, none more so than I, for we had never 
had any difference. The engine-room ratings liked 
being praised by him on the quarter deck. They 
had done well and when my “ flimsy” came, for 
my service from July 2, 1914, to July 7, 1915, it 
was endorsed ‘‘ The Engine Room Department was 
well disciplined and always able to readily respond 
to any call made upon it, the ship steamed a great 
distance under war conditions with little oppor- 
tunity for irs.” After Warleigh’s departure, 
the command of the ship passed for a time to the 
acting commander and so I had the experience of 
serving under an officer who had been a cadet in 
the Britannia while I was an instructor in her. 

The new captain, who joined the ship on July 27, 
had been one of the Navy’s senior wranglers, having 
in his examinations for lieutenant gained first class 
certificates in all subjects—seamanship, navigation, 
torpedo, and pilotage. Such success im- 
plied high intelligence and a retentive memory. 
There are, however, other qualities necessary in 
dealing with our fellow men, and on the morning 
when he came aboard he showed a singular want of 
judgment. We had just returned from seven days 
at sea and it was essential that certain defects should 
be made good immediately. Fires were out, and the 
work was in hand, when he told me that the ship 
was to sail again that evening. I explained, leaving 
no room for doubt, that, in the circumstances, it 
was not possible. In spite of this, a few hours later 
I was ordered to prepare for sea. There was then 
nothing to do but to stand my ground. I did so, 
and the captain and I were called aboard the flag- 
ship. My explanations were accepted and we were 
lent four engine-room artificers, the first outside 
help we had had. Forty-eight hours later, all urgent 
defects had been made good and, in due course, the 
ship resumed her duties. It was not a promising 
start for the new regime, but so far as I was concerned 
I carried on in the normal way. A month later, 
however, a difference occurred of a more serious 
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From the Eastern Mediterranean Command, the 
ship had been transferred to the East Indian Com- 
mand and was again in Kgyptian waters. On 
August 24, we entered Alexandria harbour after 
nine days along the North African coast, expecting 
to stay a few days. While coaling ship, cleaning 
boilers and making adjustments the next day, we 
received orders to sail on the 26th. On leaving 
harbour early that forenoon, the starboard low- 
pressure crankhead, newly adjusted, tended to 
warm up. I took the necessary precautions and 
made a personal report to the Captain on the bridge. 
The trouble disappeared, the engines were running 
well, and soon we were heading for Port Said over 
a smooth sunlit sea. After lunch, I was sent for by 
the Captain, who was in his cabin with the young 
acting commander. Without a single question or 
word of explanation, he charged me with hazarding 
the safety of the ship by what I had done in the 
engine room when leaving harbour. Completely 
taken aback, at the moment all I could say that I 
did not know what he meant. It was nevertheless 
a charge which obviously had to be substantiated or 
withdrawn. 

Of the events during the next three months—my 
last in the ship—I retain more vivid recollections 
than of any others connected with the Minerva, 
and at a distance of 30 years I am still perplexed at 
the strange things which were said and done. 
Obtaining no redress from the Captain, I appealed 
to the Admiral. Why he, the admiral, should have 
sent me “advice” without making any effort to 
see both sides of the matter, why he ignored my 
request for a personal interview, and why, when at 
last he ordered a Court of Inquiry to investigate the 
charge, he should have nominated two senior medical 
officers to sit on the board, I never understood. From 
beginning to end, not a scrap of evidence was pro- 
duced to show that I had not carried out my duties 
properly, while all that could be done by the = 
doctors—who were, “if I had no objection,” 
medically examine me—was to report that I was as 
fit as any one inthe ship. Those were indeed strange 
weeks, and it was a relief to learn that I was ap- 
pointed to the old battleship Magnificent, which I 
joined at Alexandria on the afternoon of November 
20, 1915. In the following June, the captain of the 
Minerva was invalided home and was never em- 
ployed again. 

The closing years of a ship often resemble those 
of a man, and no one who saw the Magnificent 
(Fig. 6) as I did, on the evening I joined her, would 
have thought that she was the same ship which 
left Chatham Dockyard in December, 1895. When, 
in that month, Lord Walter Kerr hoisted his flag 
in her “‘ she was absolutely complete in every detail, 
decks spotless, store rooms labelled, hammock hooks 
numbered, there was nothing for officers and men 
to do but to find their quarters.” She and the 
Majestic were then the finest warships afloat. In 
those days, ships went to sea with their yellow masts 
and yards and fighting tops wrapped in canvas 
steaming covers to keep the smoke off the paint, 
and as soon as they anchored half their ship’s com- 
panies went aloft with soap and water to remove the 
foul signs of engine-room activity. Some of us 
remember how when, owing to political pressure, 
the Navy had to take a certain amount of North 
Country coal, the unavoidable smoke led to flagships 
making to a particular offender some such signal 
as “‘ Indicate the name of the engineer officer of the 
watch,” a signal which bothered the captain and the 
chief more than it did the juniors below. 

In November, 1915, the old “ Maggie,” as she was 
ever affectionately called, had neither yellow masts 
nor steaming covers, neither holystoned decks nor 
glistening barbettes. Where her great 12-in. guns 
had been were stacks of life-saving rafts. Every- 
where the ship looked as though she had been sent 
to sea half way through a dockyard refit, with too 
small a crew to put things straight. Down below 
she was nearly as bad and when, about an hour after 
I boarded her, she got under way, there were nerve- 
racking slams from the starboard engine due to a 
loose eccentric sheave, while the port intermediate 
engine sounded like a fettling machine. Like the 
Minerva, she had three-cylinder triple-expansion 
engines, the type I began with and ended with. 
The distressing noises that I have mentioned, I had 





to endure till we reached Salonika, when the offend- 
ing sheave was “let together” and secured with a 
new key while from the noisy intermediate piston 
were taken handfuls of pieces of broken coach 
springs, nicely rounded and polished by the vigorous 
shaking they had received. 

Like other fine, but oldish, ships the “‘ Maggie ” 
had been reduced from the status of a battleship to 
that of a trooper, and it was as such she ran till she 
came home in February, 1916. When Captain 
Warleigh had recovered from his operation, he 
wrote to me that he was “‘ kicking to get his fingers 
in a bucket of tar” and expressed the hope that we 
should again serve together. The ‘‘ Maggie” was 
his bucket of tar and his hope had been realised. 
I hardly think he enjoyed his command and, unfor- 
tunately, he was not always well. We wardroom 
officers were a mixed bag. The executive officer, 
Commander Norman Lewis, from whom in 1918 I 
received postcards headed “‘ Off.-Gef.-Lager, Frie- 
burg, Baden” had rejoined the service after five 
years of apple growing in British Columbia. William 
Begg was the navigator and among his assistants 
were three or four R.N.R. lieutenants, including 
Octavius Siggers, a worthy representation of the 
P. and O., and John A. Rupert Jones, who was 
always busy with calculations of the moon and tides. 
He died when hydrographical officer at Southampton 
Harbour, and was the compiler of a valuable 
“Chronological Order of the Introduction of Steam- 
Propelled Vessels into the Royal Navy,” published 
in Notes and Queries in May, 1927. Our paymaster 
was Clarence Teasdale-Buckle and our medical officer, 
Percy Vaughan Jackson, who had retired as a fleet 
surgeon about 1910. The comparatively small ship’s 
company was also a make up of active-service men, 
reservists and pensioners. 

As we sailed northwards from Alexandria with 
a goodly number of military folk on board, I saw 
at once there was an opening for a maitre @hétel. 
to| The ice chests, close to my cabin, had not been 
cleaned out since the ship left England, the table 
silver needed degreasing, and the new damask 
napkins, with their crowns and anchors, were 
unearthed from under a pile of firewood. Into 
the pantry immediately went steam for heating 
water, into the wardroom a large steam-heated 
hot plate, while my letters spoke of a short course 
for initiating soldier servants into the mysteries of 
waiting at table. As, on one occasion, we had 40 
Army officers in the wardroom and 130 elsewhere, 
the improvements introduced were much appre- 
ciated, and my daughter now treasures a little 
book inscribed “‘To the sons and daughters of 
Eng. Commander Smith, H.M.S. Magnificent, from 
Lt. Col. Raymer, 5th S. Stafford Rgt., in memory 
of a pleasant voyage under their father’s care, 
Jan. 1916.” Below the inscription is a snapshot 
of Col. Raymer, Brig. Gen. Wingfield-Stratford and 
myself on the quarterdeck of the “ Maggie.” We 
had done several passages by January, 1916, and 
at the evacuation of Suvla, on the night of Decem- 
ber 19, had taken aboard 2,000 of the tiredest of 
tired men who ever climbed a ship’s gangway. 
I had a very comfortable and warm cabin, of which 
I made senior officers honorary members, and 
that night two of them, straight from the trenches 
of Gallipoli, had it all to themselves. 

In February, the ship was ordered home and 
on arrival at Devonport was tied up head and 
stern in the Hamoaze. I am afraid that, during 
the rest of 1916, my services were not of much use 
in the great struggle in which we were engaged. 
Under the command of Lewis, the ship led a peaceful 
existence, and, as nearly all of us were married, we 
appreciated the interlude. It was our misfortune, 
however, to witness another stage in the degradation 
of the once famous flagship, and innocently to be 
involved in an incident connected therewith. Being 
suitably situated, her surplus accommodation was 
requisitioned by the Royal Naval Barracks as an 
overflow for the less desirable, and she became a 
sort of Borstal for bluejackets. One night, the 
canteen safe disappeared and from high authority 
came a signal confining us all—officers and ship’s 
company and the “bad hats”—to the ship. 
This serio-comic situation, such as Gilbert would 
have loved, fortunately, did not last long, thanks 
to representations to the Commodore. As Lord 
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Chatfield has Seeteet it is easy aaah to make a 
signal, but not so easy to visualise its effect. Our 
brief imprisonment left one pleasant memory. If 
we couldn’t go to our wives, there was no reason 
why they should not come to us, and so the picket 
boat was kept busy. On the second evening of our 
confinement, the “ Maggie's ”” wardroom resounded 
to such merriment that in her heyday polite mes- 
sages would have come from aft. At 11.0 p.m. the 
arbitrary ruling was cancelled, the ship’s company 
were piped aft to hear the tidings, there were three 
cheers, and then followed an exodus to the shore. 
Soon after this, Lewis left for his Q-ship and thus 
for Germany, and the fatherly retired commander, 
George W. Gubbins, who had entered the Navy 
before I was born, reigned in his stead. 

My own parting with an agreeable set of mess- 
mates followed in January, 1917, when I was 
appointed to the Engineer Manager’s Department 
at Devonport Dockyard. I was approaching 45, 
and my experiences of a life ‘ cabined, cribbed, 
confined ” had led me to the conclusion that, after 
that age, the only job really worth having 
in a man-o’-war was that of the commanding 
officer. The divinity which shaped my ends appa- 
rently agreed with this view, for I never went to 
sea again. I crawled into no more boilers or cylin- 
ders, signed no more registers, attended no more 
divisions, paid no more mess bills, never again 
reported ‘“‘ Main engines ready, Sir,” requested 
permission to go ashore, or had my leave stopped. 





THE CANADIAN STANDARDS 
ASSOCIATION. 


Tue origin of the Canadian Standards Association 
dates back to 1919, when a Dominion Charter was 
granted by Letters Patent authorising a body, to be 
known as the Canadian Engineering Standards Associa- 
tion, to co-ordinate the efforts of producers and users 
for the improvement and standardisation of engineering 
materials ; to prepare and promote the general adoption 
of standards in connection with engineering structures 
and materials; and to carry on other activities of a 
similar nature. Under amended Letters Patent dated 
April 26, 1944, the name of the Association was changed, 
by the omission of the word “‘ Engineering,” to Cana- 
dian Standards Association, and its activities _ 
extended to a broader field of subjects. Adopting 
policy similar to that of its older sister society, ae 
British Standards Institution, it was henceforth to 
provide, originate and furnish Canadian standards of 
any nature whatsoever which were in the interests of 
producers and users. As stated in a pamphlet recently 
issued by the Association to emphasise the significance 
of its services to Canadian industry and consumer 
interests, the work of the Association is carried on 
under the direction of an executive committee which 
is elected from members of the main committee. This 
committee is the governing body of the Association 
and is composed of representatives from industry, the 
Government of the Dominion, education institutions, 
and the professions. 

The work of the Association is maintained by the 
progressive establishment of divisions, and those so far 
constituted include the agricultural and the civil, 
mechanical, electrical, mining and railway engineering 
divisions ; the steel construction and the ferrous and 
non-ferrous metals divisions; and the textile, pulp 
and paper, and paint and chemical divisions. Through 
the National Research Council. the Association is in 
close co-operation with the Canadian Government 
Purchasing Standards Committee, the organisation 
responsible for the preparation of commodity specifi- 
cations for use by departments of the Dominion Govern- 
ment in fields not yet covered by the Association. The 
closest liaison is also maintained with departments of 
the Dominion Government as well as with those of all 
the Provinces. The National Research Council, the 
Dominion Departments of Public Works, Transport, 
National Defence, Agriculture, Insurance, Mines and 
Resources, and Trade and Commerce, are represented 
on the Association’s working and administrative com- 
mittees. As announced in our columns at the time, 
the United Nations Standards Co-ordinating Committee 
was constituted in June, 1944. It is composed of 
representatives of the standardising bodies of the 
United Nations, and the aim is to secure the greatest 
—— co-ordination of standards. Some progress 

already been made along these lines among the 
nations which have so far affiliated, and they include 
Great Britain, Canada and the United States, Australia, 
South Africa, New Zealand, Brazil and China. It is 
intended eventually to replace the Co-ordinating Com- 
mittee by a more comprehensive body to be called the 
International Standards Co-ordinating Association. 
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NOTES FROM SOUTH AMERICA. 


THERE is increasing evidence of the immense oppor- 
tunities to find the right kind of markets in South 
America for British engineering and other exports, 
which would assist in compensating for those which 
might be lost through political changes in markets of 
the East, such as India and Egypt. This view is 
supported by the prosperity and pent-up purchasing 
power in South America, where British assets now 
amount to an immense sum, calculated to be in the 
neighbourhood of 800,000,000. Much will depend, 
of course, upon the twin factors of price and delivery 
date, regarding which there is increasing belief that 
Britain will come out as good as or even better than 
any other competitive country. Optimism regarding 
the future of British trade with South America, however, 
will depend upon the complete abandonment of past 
complacency and the adoption of modern salesmanship 
in its most competitive form; for example, personal 
contacts with South American customers are vital, 
and British firms having connections with South 
America must arrange for some of their directors or 
other senior executives to spend a great part of each 
year there. 

The bright outlook for the sale of British heavy 
equipment, transport material, etc., to Latin America 
is y demonstrated by increasingly numerous 
contracts placed with British firms. These include, 
for example, in Brazil, contracts for cranes for the 
port of Santos, railway equipment, and electrification 
of the eee reg from Jundiahy to Mooca 
by the Engli ectric Export and Trading Com . 
bce have also been placed for aircraft, ry a 
which connection it may be remarked that civil aviation 
is likely to be the great revolutionary force in Latin 
America during the next 20 years, and will bring about 
profound changes in the various countries. The 
Argentine Aeronautical Purchasing Commission, now 
visiting Britain, is believed to have placed important 
orders, including 150 Magister training aircraft, valued 
at about 175,000/., from Miles Aircraft Company, this 
in addition to another order for Bristol aircraft worth 
about 500,000/. Large purchases have been made by 
the Argentine Merchant Air Fleet, which, in active 
pursuance of the development of overseas transport 
under the auspices of the Argentine Government, 
instituted a regular air service for passengers, mail 
and cargo between Buenos Aires and London in July. 
With regard to shipping, also, the Argentine State 
Merchant Fleet has arranged to start regular passenger 
and cargo services to Europe before the end of 1946, 
one line to be from the River Plate to London, calling 
at Rotterdam or Antwerp, and another to Genoa, 
calling at Barcelona and Marseilles. 

Argentina’s imports are increasing, especially in 
essential lines such as machinery and vehicles, fuel, 
lubricants, and iron and steel articles; nevertheless, 
arrivals are small in comparison with the country’s needs 
for heavy equipment, etc., which is true of all Latin- 
American countries. President Perén has informed 
Congress that he foresees the need to import materials 
for industry and transport alone to the value of over 
1,000 million pesos (say, 60,000,000/.) annually over 
the first five post-war years. Among the many public 
works projects referred to by the President were more 
hydro-electric plants, improved irrigation, the con- 
struction of grain elevators, airports, docks, and many 
plans for the public welfare, such as better water 
supply, housing, schools, hospitals, etc. Supple- 
menting the President’s remarks, Sir Wilfrid Eady, 
the leader of the British Treasury Mission to Argentina, 
8 ing on the subject of Anglo-Argentine trade, 
referred to the great importance of the British market 
to Argentina, the special value at the present time of the 
Argentine market to the United Kingdom, and the 
long and happy relations which had existed between 
the two countries. After mentioning that the United 
Kingdom was now exporting to Argentina at the rate 
of about 20,000,000/. per annum, Sir Wilfrid Eady 
said that the aim must be to increase this figure very 
considerably by widening the range of exports to include 
capital goods, machine tools, steel, and engineering 
products, as well as consumption goods of all kinds. 
A recommendation was made that Britain’s best tech- 
nical advisers and engineering resources should co- 
operate with the Government of Argentina in hydro- 
electric development for the benefit of transport and 
industry in the Republic. Meanwhile, tenders have 
been invited by the Centrales Electricas del Estado 
Argentina for four generators of 2,000-kW capacity 
each, together with the necessary equipment and 
spare parts. Competition from Holland is indicated 
by reports that a contract has been signed between the 
Argentine Government and the International Trading 
Corporation of Holland for the supply to Argentina 
of dredging equipment at a cost of 10,000,000 

florins. 

It is reported from Brazil that 80 per cent. of the 
new national steel works at Volta Redonda is completed 

and that 60 per cent. of the manufacturing plant is in 


operation. The coke oven, the by-product plant, the 
blast furnace, a rolling mill and one steel furnace are 
already in use. The plant is producing coke and pig 
iron, and is making steel and rolling it, but the finishing 
processes, such as the production of steel plates, have 
not yet started. So far, everything has worked satis- 
factorily, and the Santa Caterina coal, which is used 
either alone or mixed with 20 per cent. of imported coal, 
has proved to be suitable. Volta Redonda is the 
largest steel plant in Latin America, and is regarded 
as a symbol of Brazil’s “industrial coming of age.” 
All the American republics are watching the Volta 
Redonda development, for it is a challenging test of 
industrialisation in tropical regions. While Brazil has 
several steel mills operating now in the State of Minas 
Geraes, their annual total output is limited to about 
200,000 tons of non-structural steel. Volta Redonda 
will provide the structural sections, rails, and plates 
which Brazil needs. The mill represents an oppor- 
tunity to employ national raw materials and national 
labour, while giving to Brazilian engineers more experi- 
ence and knowledge of industrial problems. 

To assist farming in Brazil, Customs duties have 
been suspended for a period of six months on certain 
agricultural implements, including hoes, knives for 
cutting sugar-cane (coarse-ground or unground), pit 
irons, bill hooks, and hand tools generally. In connec- 
tion with Brazil’s plan of farm mechanisation, the 
Ministry of Agriculture recently purchased in the 
United States tractors, ploughs, harrows and other 
agricultural machinery to the value of 500,000/. sterling. 
The Ministry will retain 20 per cent. of this machinery 
for Government use in fostering farm development, 
and will sell the rest to farmers, who are in great need 
of equipment. As sales are effected, credits will 
automatically become available for purchases of further 
supplies of agricultural machinery in the United States. 

Under a Brazilian decree of May 27, the import of 
used industrial machinery and equipment became 
subject to prior permit, except in the case of material 
already ordered which was shipped within 60 days. 
Notice has since been given that such import permits 
will be valid for 150 days, but, in cases where applicants 
prove that this period is likely to be insufficient, permits 
will be provided with a clause automatically extending 
the term as considered necessary. 

Inflation is an increasing problem in Brazil, but 
business has recently been stimulated by grants of 
higher wages and by the larger supplies now arriving of 
imported articles, such as motor-cars, motor-cycles, 
bicycles, refrigerators, and sewing machines. The 
demand for the products of national industries, however, 
continues ; local manufacturers still charge high prices 
for their goods and their confidence in the future is 
reflected by the large orders which they have placed 
abroad for machinery, particularly in the case of such 
industries as those producing textiles, metals, cement, 
chemicals and electrical goods. Nevertheless, social 
unrest is caused by the mal-distribution of foodstuffs, 
resulting from deficient transport, labour difficulties at 
the Santos docks, and inadequate shipping space. 
Some improvement in railway conditions may be ex- 
pected shortly as new rolling stock, etc., arrives from 
Great Britain and the United States, but transport 
conditions in the principal cities are still deteriorating. 
It is proposed to centralise public transport undertak- 
ings in Rio de Janeiro into one organisation, which 
would also operate the projected underground railway. 
The Brazilian Minister of Transport, who is at present 
visiting the United States, has asked the Export- 
Import Bank of Washington to finance a proposed 
five-year plan of transport development in Brazil, to 
cost 200 million U.S. dollars. The plan would aim at 
the improvement and modernisation of railway, road 
and river transport, and would involve large-scale 
purchases of material, including 110 locomotives, 7,000 
freight wagons, 42,000 tons of rails, 70 levelling and 
excavating machines, 130 tractors, 150. road-building 
machines, 260 cranes for various ports, and nine small 
mixed passenger and cargo vessels, 50 barges, five tugs 


material, a large quantity of equipment and machine 
tools for the maintenance and repair of rolling-stock, 
and equipment to the value of 2,000,000 dollars for the 
Post-Office and Telegraphs Department. The Minister 
stated that American manufacturers had guaranteed 
delivery of all the above supplies in Brazilian ports by 
the middle of 1948. The first delivery, since the war, 
of French motor-cars to Brazil was recently made, 
comprising 120 four-cylinder four-seater Citréen cars, 
which were all sold at about 5001. each. 

Mexico is experiencing a prosperous period and, 
over the past seven years, industrial production 
increased by more than 50 per cent. Cotton textiles 
are now by far the largest export line by value. There 
is a considerable demand for new industrial machinery 
and for replacements. Moreover, despite the very great 
increase in transport facilities over the past few years, 
the railways are still in great need of repair and replace- 
ments, and the Budget for 1946 asks for new equipment 





to the value of a further 20 million U.S. dols. In Peru, 


for use on the Amazon, 2,500 tons of railway bridge | 7 


also, oversea trade is running at record high levels, 
and imports under the heading of “ machinery and 
vehicles” in 1945 cost the equivalent of 4,000,000/,, 
as against 3,000,000/. in 1944. 

In Chile, the official “‘ Development Corporation ” 
is to lend 500 million pesos to the Empresa Nacional de 
Electricidad to promote further electrification in Chile, 
Difficulty is being experienced in providing sufficient 
electric power in the city of Santiago, as the large 
number of electric heating appliances installed in new 
buildings in the capital is causing a heavy demand 
upon a supply which is restricted by lack of water. 
power and coal. 





BRITISH INDUSTRIAL PROPERTY 
IN ENEMY COUNTRIES.* 


In endeavouring to determine the most satisfactory 
method of dealing with United Kingdom-owned 
industrial property in enemy countries, five general 
considerations have to be borne in mind: (1) that 
other allied countries are in the same position as the 
United Kingdom; (2) that the policy on industria] 
and other property is dependent on the Governmental 
and Allied attitude towards the various categories 
of enemy countries—any policy, therefore, which our 
own Board of Trade may have is dependent on the 
outcome of present negotiations on much larger issues ; 
(3) that the Board of Trade have issued an Order dated 
October 15, 1945, precluding the granting of patents 
in the United Kingdom on inventions made by Germans 
in Germany during the war; (4) that France and 
Great Britain have concluded an Agreement (see Treaty 
Series No. 5 (1945)), and that other occupied countries 
and certain neutrals may, in fact, adopt a similar 
Treaty ; (5) that in the Patents and Designs Act, 1946 
(see Sections 4, 5 and 6) the Government have classified 
Germany and Japan alone, to the exclusion, for example, 
of Italy. 

In the light of the above considerations, the Council 
of the Chartered Institute of Patent Agents suggest 
dividing the enemy countries into three categories 
and make proposals as follows so far as concerns 
industrial property, the owner of which was either, 
on September 3, 1939, or at such date as the industrial 
property right arose, a national of, or resident in, the 
United Kingdom :— 

The Main Aggressors, Germany and Japan.— 
(a) Applications pending at, or subsequent to, Septem- 
ber 3, 1939, and not yet matured into patents, or into 
registrations of trade marks and designs, as the case 
may be, should be capable of revival at the option of 
the owner without penalties ; (b) patents, designs and 
trade marks in force on September 3, 1939, and not 
maintained during the war, should be capable of restora- 
tion without payment of any penalties, on application 
by the owner; (c) there should be provision, on 
application by the owner, for an extension of the 
normal patent terms and periods of registration of 
trade marks and designs, as the case may be, to com- 
pensate for war loss, such extension, if granted, to be 
given without the payment of additional renewal fees ; 
(d) there should be an extension of the times normally 
agreed under the International Convention, for the 
filing of applications for patents and trade marks or 
designs on which the normal time has expired since 
September 3, 1939; (e) licences and all rights-to-use 
granted or conferred without the consent of the owner 
should be determined at the will of the owner; (f) all 
sums in the forms of royalties and equivalent considera- 
tions which have accrued since September 3, 1939, 
should be paid to the United Kingdom party to whom 
such sums would have been paid but for the war; 
(g) provision should be made for the recovery of 
damages in respect of past infringements; (h) no 
third-party rights should be recognised; (i) in the 
above, the word “ Patent” is intended to include 
Gebrauchsmuster and Japanese industrial design 
protection. 

(2) The Subservient Aggressors, Italy, Austria, 
ungary, Roumania, Bulgaria, Finland.—The same 
items (a) to (h) should apply. 

(3) The Over-run Countries and Merely Technical 
Enemies, Czechoslovakia, Poland, Norway, Denmark, 
Holland, Belgium, Luxembourg, Greece, Jugo-Slavia.— 
Treaties similar to the Anglo-French Agreement of 
August 20, 1945, should be negotiated. It is under- 
stood that negotiations are in progress at the present 
time with most of these countries. It is to be noted 
that in the Anglo-French Agreement, item (c) above, is 
subject to the respective domestic laws of the two 
countries. 

The names of the countries refer to territories as it is 
believed they will be ultimately constituted ; and any 
former enemy territories which have been transferred 
or will be transferred should, as regards industrial 
property, be the subject of negotiations between the 
United Kingdom and the country concerned. 








* Statement by the Council of the Chartered Institute 
of Patent Agents. 
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NAVAL AMMUNITION VESSEL 








“ FLINTLOCK.”’ 








Fre. 1. 





Fie. 2. 


THE NAVAL AUXILIARY 
M.V. ** FLINTLOCK.”’ 


Tue Diesel-engined ammunition and water carrier, 
Flintlock, illustrated in Figs. 1 and 2, herewith, is 
one of a number of coaster-type auxiliaries built during 
the war for the Admiralty, to the order of the Director 
of Armament Supply, for the service of the Fleet and 
for short coastal voyages between naval munition 
depots. The Flintlock was constructed by Messrs. 
Philip and Son, Limited, Dartmouth, and is the last 
of six ships of substantially similar design; she com- 
pleted her trials on July 10. A sister ship, the Match- 
lock, was handed over by the same builders a few 
weeks previously. 

The Flintlock has an overall length of 103 ft., and 
measures 95 ft. between perpendiculars. The moulded 
breadth is 20 ft. 8 in., the depth of hold 9 ft., and the 
draught loaded 8 ft. 54in. Her tonnageis 187 tons gross 
and 70 tons net, and the deadweight capacity, 166 tons. 
The peak tanks, fore and aft, and the deep tanks 
forward hold a total of 48} tons of water ballast. The 
oil-fuel tanks, at the forward end of the engine room, 
hold 12 tons, and are separated by a cofferdam from 
the freshwater tanks, which have a capacity of 264 tons. 
The crew, consisting of four officers and five seamen, are 
accommodated on the poop, the officers having separate 
cabins, with a mess room at the front of the poop 
house, while the men sleep in two cabins, one with two 
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berths and the other with three, and have a mess room 
aft. The coal-fired range in the galley also heats 
water for the cabin basins, baths and shower baths ; 
the hot-water supply to the radiators in the cabins 
and mess rooms is obtained from an oil-fired boiler 
in the engine room and is circulated by a pump driven 
by a l-h.p. electric motor. Electric lighting is fitted 
throughout, current being supplied at 220 volts by a 
20-kW McClure generator, direct-driven at 1,000 r.p.m. 
by a four-cylinder vertical Russell-Newbury Diesel 
engine, developing 36 brake horse-power. The cargo 
hold is 43 ft. 9 in. long, with a hatch 29 ft. 9 in. long and 
12 ft. wide, fitted with Macgregor patent hatch covers ; 


cooled pistons are of cast iron and have six rings, 
four at the top and two scraper rings in the skirt. 
The crankshaft, a solid forging of heat-treated carbon 
steel with a coupling forged at each end, is carried in 
five main bearings and a steady bearing in the cast-iron 
bedplate, which has a sump below, extending for its 
full length. The after coupling of the crankshaft 
carries the flywheel, and the forward coupling is 
connected to an extension shaft driving the circulating 
pump, a bilge pump, lubricating-oil pumps, and an air 
compressor. Lubrication is on the dry-sump system, 
the oil being drawn from a separate tank and pumped 
through an Autoklean strainer to the main bearings, 
big ends, pistons, etc. The used oil is withdrawn from 
the crankcase by a scavenge pump and returned through 
a cooler to the tank. The system is put under pressure, 
before starting the main engine, by means of a hand 
priming pump. The engine control unit has one 
wheel for starting, stopping and speed regulation, 
another for reversing, and the usual gauges, tacho- 
meter, etc., and is mounted on a fabricated-steel 
base, supported on resilient mountings. In addition 
to the engine-driven compressor and pumps, there is an 
auxiliary Reavell C.S.A.3 compressor and a Ham- 
worthy two-stage centrifugal fire and ballast pump, 
both being driven through a friction clutch by a Russell- 
Newbury vertical three-cylinder Diesel engine, develop- 
ing 27 brake horse-power at 1,000 r.p.m The com- 
pressors deliver to two air receivers, which have a total 
capacity of 20 cub. ft. On her trials in Start Bay— 
when the photograph reproduced in Fig. 1 was taken— 
the Flintlock attained a speed of nearly 9 knots. 








ENGINEERING MARKETS IN 
CANADA. 


In spite of the rapid increase in the industrialisation 
of Canada during the war, particularly in the direction 
of engineering, there would still seem to be some 
openings for the British machinery manufacturer. 
Chief among these openings are demands for textile 
machinery, for steam turbines, and for heavy machine 
tools of various kinds. There are also opportunities 
for lighter engineering products, such as refrigerators, 
radio sets and domestic appliances, but in this class 
of products the way is more difficult. With heavy 
engineering, appearance generally counts for nothing 
against British ingenuity, solidity and reliability, but 
it is authoritatively stated that with such things as 
refrigerators, radio sets, and the like, the appeal to the 
eye is of very great importance, as it is also in the 
automobile industry. The United States has a strong 
market in these products, for, in addition to the higher 
cost of the Canadian manufactured goods, generally 
10 per cent. to 15 per cent. more than those of the 
United States, this latter country is better informed 
as to the requirements of the Canadian consumer, 
peculiar to climatic conditions and individual tastes, 
than most British manufacturers. In these industries, 
success will only be obtained by very close touch being 
established and maintained between the consumer and 
the British manufacturer, a condition which demands 
investigation on the spot by technical men at fre- 
quent intervals. This should not be difficult now 
that rapid air communication between Britain and 
Canada has been established. 

It is by no means the case that the feeling to- 
wards British goods is weakening, since the Canadian 
consumer is prepared to pay 10 per cent. to 15 per cent. 
more for them than for similar American products, 
but it is hardly likely that this preference will extend 
to meeting the present costs over here, costs, it may 
be noted, partly due to low production rates per man- 
hour, and, in some cases, to machinery and production 
methods being obsolescent, if not altogether obsolete. 
A first-hand study of Canadian and American manufac- 
turing plants and of the selling and advertising methods 
of these countries would doubtless be helpful. It is 
stated that capital is freely entering Canada from the 
United States and from other foreign countries, and 
that local capital is also plentiful. There are, therefore, 
vast opportunities, and Canadians naturally prefer to 
see the participation of Britain in the future growth of 


these are in three sections and are stowed at the after | their potentially prosperous country. Canada’s exports 


end of the hatch when cargo is being worked. The 
hold is lined with sparring at the ship’s sides, and 
ceiling over open floors. A tubular steel mast forward 


to Britain are naturally a factor in the re-establish- 
ment of our export trade to her. In the engineering 
industry, probably the largest item is agricultural 


carries a single derrick capable of lifting 14 tons and | machinery and, of course, various metals and metal- 


operated by an electric winch driven by a 14-h.p. 
motor. 
is fitted on the forecastle. 


lurgical products. Even in the past Canada’s imports 


An electric windlass, with a motor of 6 h.p., | have never balanced her exports to Britain, and are not 


likely to do so in the future unless the British industria- 


The propelling machinery consists of a Petter S.S.4| list makes a determined and practical effort to secure 


Superscavenge oil engine of the direct-reversing type, 


a share in the Canadian market. This can only be 


developing 280 shaft horse-power at 500 r.p.m. and | done by direct contact, so that the conditions obtain- 
driving the propeller through a Bibby coupling and a} ing at the moment are understood. The notes given 
reduction gear in which the Michell thrust block is| above are based on a communication by Mr. J. 8. P. 
incorporated. The four cylinders of the main engine | Armstrong, Agent-General for Ontario, published in 








are 8} in. bore, with a stroke of 13 in., the cylinders | the August number of Wings Over the World, which 


and crankcase being a single iron casting. The oil- 


is issued by the British Overseas Airways Corporation. 
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TWIST-DRILL GRINDING MACHINE. 


THE twist-drill grinding machine illustrated in Figs. 1 
and 2 is a recent addition to the range of machines 
manufactured for this duty by Messrs. A. A. Jones and 
Shipman, Limited, East Park-road, Leicester. The 
machine is suitable for the grinding of the points of twist 
drills from } in. to 2} in. in diameter and having either 
two lips, three lips or four lips, and inclusive point angles 
of from 90 deg. to 140 deg. The general view of the 
machine in Fig. 1 shows primarily the main grinding 
arm, the small wheel and accessories in the back- 
poms being an attachment, supplied when required, 

or point thinning ; it is seen in greater detail in Fig. 2. 
It will be understood, of course, that of the three 
primary angles of a twist drill which must be correct 
if the drilling is to be satisfactory, the helix angle is 
not affected by re-grinding, the twist-drill grinding 
machine only restoring, after wear, the point angle and 
the lip clearance angle. The arm is, therefore, capable 
of being set at a compound angle to the face of the 
wheel so that both point angle and lip clearance are 
accurately formed at the same operation. In effect, the 
drill is approached to the grinding surface so that the 
surface of the pointis generatedasa portion of a cone which 
is inclined both to the drill axis and to the wheel face. The 
various adjustments can be seen in Fig. 1, but it may 
be noted that the vertical pivot on which the arm is 
supported is not for adjustment but to enable the arm 
to be swung clear of the wheel so that the lip rest can be 
readily adjusted. An adequatesystem of locking devices 
for the different movements is provided, generally actu- 
ated by means of levers which can be rapidly operated. 

The drill is supported in the arm on a pair of V-blocks, 
of which the lower one can be set longitudinally along 
the arm to suit differing lengths of drill. The position 
of the tailstock at the outer end of the arm can be 
similarly altered for the same purpose, and carries a 
micrometer spindle for giving the requisite grinding 
feed. Means of adjustment for the lip-clearance angle 
are provided, this angle remaining constant irrespective 
of the diameter of the drill. The correct point shape 
is automatically determined by setting the drill by 
means of adjustable calliper jaws on the drill diameter 
prior to grinding. This setting is not affected by other 
adjustments of the machine. The calliper jaw also 
carries the wheel-dressing attachment which is arranged 
to pass across the wheel face with an appropriate move- 
ment. The dressing diamond is mounted on a block 
attached to the calliper arm so that the amount removed 
from the wheel face is automatically compensated for 
when the calliper jaws are used to measure the drill 
when it is being set for grinding. The grinding wheel is 
104 in. in diameter by 1} in. thick, and is mounted on a 
spindle carried in ball bearings and having a tapered 
end for reception of the wheel flanges, which are remov- 
able. When a cup wheel is used instead of the flat type, 
the appropriate flanges have balance weights so that the 
wheel can be correctly balanced before mounting on the 
spindle. The wheel runs at 1,650 r.p.m., and is driven, 
through V-belts, by a 2-h.p. motor running at 1,430 
r.p.m. Since the motor is housed in the machine bed, 
the whole of the drive is totally enclosed ; belt ten- 
sioning is controlled by a handwheel on the bed. 

For point thinning, a wheel 6 in. in diameter by 4 in. 
thick is provided, on the standard machine, on the 
opposite end of the main spindle to the point-grinding 
wheel. This wheel, of course, runs at the same speed 
as the grinding wheel and enables the points to be 
thinned by holding the drills in the hand. In the 
point-thinning attachment shown in Fig. 2, the drill 
is carried on V-blocks in an arm generally similar to 
the point-grinding arm. The arm is arranged to 
swivel in a horizontal plane to suit the helix angle of 
the drill having the point thinned. In this attachment 
the wheel is 6 in. in diameter by } in. thick and runs at 
2,860 r.p.m., being belt-driven from the spindle. The 
belt is wholly enclosed in the arm carrying the thinning 
wheel. This arm is counterbalanced and the wheel is 
brought into contact with the drill by depressing the 
knobbed handle seen to the right. When the operation 
is finished, release of the handle is followed by the swing- 
ing upwards of the wheel clear of the work, under the 
action of the counterbalance. The amount of thinning 
is determined precisely by a micrometer stop which 
can be distinguished on the side of the arm in Fig. 1, 
the knurled knob being above the centre of the 
arm in Fig. 2. This view also shows, on the left, 
the motor-driven centrifugal coolant pump and supply 
pipe. The motor is of }h.p. The pipe nozzle, seen in 
Fig. 1, is universally adjustable and directs the coolant 
on to the grinding wheel at the point of contact of the 
drill. The coolant is returned to a tank in the bed from 
the machine trough and is filtered in its passage. The 
electrical controls for both motors are lou in the 
bed and all wiring and fittings are totally enclosed. A 
switch-fuse isolator is provided. Starting and stopping 
of the machine spindle is effected by push buttons. 
The machine occupies a floor space of 29 in. by 19} in. 
and has an overall height of 60 in. The net weight is 
14} cwt. 





TWIST-DRILL GRINDING MACHINE. 


MESSRS. A. A. JONES AND SHIPMAN, 


LIMITED, LEICESTER. 
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SVINESUND BRIDGE, SCANDINAVIA.—A new road 
bridge connecting Sweden and Norway, the Svinesund 
Bridge over Svinesund Sound, in the southernmost part 
of the frontier, has recently been inaugurated. The 
bridge has a total length of 1,378 ft. and a height of 214 
ft., and the length of the central span, across the sound, 
is 509 ft. This central span is built of concrete, but 
Swedish granite has been used for the eight overland 
approach arches. The contractors for the work were 
Messrs. Armerad Betong and the bridge was built 
to the order of the Swedish Board of Roads and 
Waterways. 





DISTANT RECORDING AND CONTROLLING APPARATUS.— 
Messrs. Negretti and Zambra, Limited, 122, Regent- 
street, London, W.1, have sent us a copy of a brochure 
describing their low-pressure amplifier and _ electro- 
pneumatic converter for the distant recording and control 
of variables such as air-pressures in furnaces, air or gas 
flow, and temperatures. The practical application of the 
apparatus to the automatic contro] of heat-treatment 
metallurgical furnaces is dealt with in a paper by Mr. 
A. Muir, which accompanies the brochure. This paper 
was read before the Sheffield Metallurgical Society in 
October, 1945. 
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HYDRAULIC CHANGE-OVER 


VALVE. 


MESSRS. EXACTOR CONTROL COMPANY, LIMITED, LONDON. 
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HYDRAULIC CHANGE-OVER VALVE. 


Aw illustrated description of a self-sealing pipe 
coupling developed by Messrs. Exactor Control Com- 
pany, Limited, 14, Berkeley-street, London, W.1, was 
given in ENGINEERING, vol. 159, page 266 (1945), the 
special feature of which is that whenever the pipe joint 
has to be broken, the parted ends are immediately 
sealed off by an internal non-return valve so that 
leakage cannot occur. An ingenious adaptation of 
this device is illustrated in Figs. 1 to 3, above, the 
object being to ensure a rapid, positive and infallible 
switching over of hydraulic supplies. In order to 
make clear the advantages of the system, which can 
be installed in a variety of ways, it is desirable to 
describe a specific instance, this being a hydraulic 
switch supplied by the makers to Messrs. Standard 
Telephones and Cables, Limited, Enfield, to whom we 
are indebted for the photograph of the installation 
reproduced in Fig. 1. The immediate reason for the 
adoption of the Exactor switch unit was the dissatis- 
faction of the engineers in charge.of the client’s plant 
with the procedure originally necessary to change over 
the circulation through the bowls of the rubber mills 
concerned from high-pressure hot water to cold water, 
and vice versa. This operation is normally carried out 
several times a day and the original lay-out involved 
the manipulation of a number of valves in a precise 








sequence and was liable to inaccuracy unless particular 
care was used and an excessive amount of time was 
spent on it. It eventually proved necessary actually 
to disconnect the various pipes each time, and to 
facilitate this frequent ‘‘ breaking,” the self-sealing 
coupling referred to above was adopted. While 
the adoption of this hand-disconnected coupling greatly 
improved matters, it was only a palliative; the self- 
sealing switch described below eventually took its 
place and has proved much more convenient and 
entirely successful. 

The switch is shown in place in the foreground of 
Fig. 1, the mechanism in the background being part 
of the rubber machinery and, therefore, not requiring 
detailed comment. The single handwheel prominent 
in Fig. 1 controls the whole of the change-over. The 
switch is seen in greater detail in Fig. 2, and its con- 
struction and operation will be clear by reference to 
the section shown in Fig. 3. There are altogether 
eight pipe connections to the switch body, some being 
indicated at a, there being a group of four at each 
end of the switch. Each of these connections has a 
flanged half-coupling }, fitted with a self-sealing valve 
similar to the firm’s standard type ; these are indicated 
atc. Between the half-couplings 6b is a crosshead d, 
which slides on a pair of guide rods e and is traversed 
in the axial direction by the screwed spindle f operated 
by the handwheel g. The crosshead carries eight half- 





Fig. 2. 


couplings h, each fitted with a self-sealing valve i. There 
is a port through the crosshead connecting each half- 
coupling A, and from this port there leads an ordinary 
pipe coupling j; there are thus four of these couplings 
altogether. All these parts can be identified in Fig. 2. 
Of the four half-couplings a at one end, two are con- 
nected to the high-temperature supply and two to the 
high-temperature return system. The four half- 
couplings at the other end are for the low-temperature 
supply and return pipes. The plain couplings j are 
for the inlet and outlet services to the machines 
involved. 

It is not necessary to refer to the particular function 
of each pipe seen in Fig. 1, though it may be pointed 
out that the four lagged pipes are obviously those 
of the high-temperature system. Moreover, it will be 
noticed that while these pipes are rigid, the pipes 
connected to the cross-head are flexible, since the 
crosshead has longitudinal traverse. As shown in the 
lower part of Fig. 3, the crosshead is in the midway 
position, that is, the whole of the valves are closed and 
the whole of the pipes to and from the supplies and to 
and from the apparatus served are isolated. In order 
to make the opening action clear, however, a portion of 
one pair of half-couplings has been shown in section in 
the top left-hand corner of Fig. 3, in which part view the 
crosshead is supposed to have been moved as far as it 
will go to the left. This movement has resulted in the 
half-coupling h entering the half-coupling 6, so pushing 
open the valve c in that coupling, the valve 7 in the half- 
coupling A being simultaneously pushed open by the 
mushroom-like centre of the half-coupling b. There is, in 
consequence, a clear passage from the top left-hand pipe 
a, Fig. 3, to the pipe serving the apparatus coupled to 
the crosshead, not shown. This flow is indicated by 
arrows. The corresponding half-coupling h on the right 
of the crosshead, of course, remains closed. The cross- 
head is shown moved as far as it will go to the right in 
Fig. 2, the left-hand supply and return pipes being all 
isolated, while the right-hand ones are coupled to the 
apparatus. It may be imagined, for instance, that the 
cold-water supply is entering the switch at the bottom 
right-hand pipe in this view and leaving to circulate 
through the apparatus by the bottom pipe, in the 
centre of the crosshead. The return flow from the 
apparatus enters the crosshead by the upper central 
pipe and leaves the switch by the upper one of the 
two lower pipes on the right. It will be evident from 
the small section in the top left-hand corner of Fig. 3, 
that the switch can be used for regulating the amount 
of flow by appropriate traverse of the crosshead. The 
amount of crosshead travel is indicated by a pointer 
moving in a graduated slotted quadrant shown in 
Figs. 2 and 3. The complete change-over is stated 
to be effected in about one-quarter of a minute, a 
period no doubt in marked contrast with the time 
that must have been taken by opening and closing 
numerous valves by hand before the switch was 
installed. 

The assembly of the switch is designed to provide 
both rigidity and accessibility. It consists, in the main, 
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of two pieces of stiff channel iron, tied together by 
bolts inside tubes which form distance pieces. The 
crosshead guide rods are also of the same construction. 
The crossbar thrust is taken by a double-row thrust 
ball bearing on the handwheel spindle. It will be 
realised that since the switch does not permit any other 
supply to be passed to the machine, there is no possi- 
bility of an accidental flow occurring, such as might 
happen on a system having cocks or valves which 
might leak through owing to defective seatings arising 
from wear or corrosion. This positive action is an 
important point in processes involving close control 
of temperatures. The Exactor switch may be made 
to accommodate any number or arrangement of 
pairs of couplings for different pipe sizes, according to 
the number of services to be switched over simul- 
taneously. Thus, where individual control of the 
circulation through single elements is required, say, 
for three bowls of a calender in which any combination 
of temperatures may be called for, a separate two-pipe 
two-way switch unit would be installed for each 
element. The example described above is for hydraulic 
operation, but it will be obvious that a similar arrange- 
ment is equally suitable for gases. In either case, the 
utility of the device is only limited when the liquid 
or gas is of such a nature as to attack the material of the 
valve, though this objection applies equally to most 
types of flow-arresting devices. The pressures in- 
volved scarcely affect the device, since the higher 
the pressure the more tightly are the valves closed on 
their seats. 





THE INSTITUTE OF METALS. 


As briefly announced on page 53, ante, the autumn 
meeting of the Institute of Metals will be held in 
London on the afternoon of Tuesday and the morning 
of Wednesday, September 10 and 11. The technical 
discussions will take place at the Institution of Civil 
Engineers, Great George-street, London, S.W.1, and 
the meeting will conclude with a luncheon at the 
Connaught Rooms, Great Queen-street, London, W.C.2, 
at 1.15 p.m., on September 11. The meeting opens 
at 2.30 p.m., on September 10, when, after the conclu- 
sion of the official business, three papers will be pre- 
sented and discussed, namely, “ Antimonial 70 : 30 
Brass,” by Mr. D. McLean and Dr. L. Northcott; 
“The Hot-Tearing Tendencies of Aluminium Casting 
Alloys,” by Mr. D. C. G. Lees; and ‘* The Application 
of Some Thermodynamical Principles to the Liquidus 
Surface of Alloys of Aluminium with Magnesium, 
Silicon and Iron,” by Mr. H. W. L. Phillips. The 
session is timed to conclude at 5 p.m. On the morning 
of Wednesday, September 11, two simultaneous sessions 
will be held from 10 a.m. to 12.30 p.m., the one in the 
lecture theatre and the other in the south reading room 
of the Institution of Civil Engineers. Five papers 
will be read at the session held in the lecture theatre. 
These comprise: “‘ The Ageing of a High-Purity Alu- 
minium Alloy Containing 4 per cent. of Copper,”’ and 
“The Cold-Working of a High-Purity Aluminium 
Alloy Containing 4 per cent. of Copper and its Relation 
to Age-Hardening,” both of which are by Dr. M. L. V. 
Gayler ; ‘‘ Control of Internal Stresses in Heat-Treated 
Aluminium-Alloy Parts,” by Mr. L. E. Benson; 
“* Inverse Segregation in Cast Magnesium Alloys,” by 
Mr. R. J. M. Payne; and “ Intercrystalline Corrosion 
of Aluminium-Magnesium Alloy Rivets,” by Mr. G. J. 
Metcalfe. Four papers will be read at the session held 
in the south reading room. These are: ‘‘ The Resist- 
ance to Corrosion by Sea-Water of Some Alpha-Tin 
and Alpha-Tin-Aluminium Bronzes,” by Dr. J. W. 
Cuthbertson ; “ Capillary Flow in the Soldering Process 
and Some Measurements of the Penetration Coefficients 
of Soft Solders,” by Dr. A. Latin; “The Physical 
Properties and Temper-Hardening Characteristics of 
Copper-Nickel-Manganese Alloys,” by Drs. M. Cook 
and W. O. Alexander; and “Inert Atmospheres as 
Fatigue Environments,” by Dr. H. J. Gough, F.R.S., 
and Mr. D. G. Sopwith. 





I.C.I. RESEARCH LABORATORIES.—Messrs. Imperial 
Chemical Industries, Limited, have announced that they 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issuea by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph, 

Welding Symbols.—A new specification, B.S. No 
1303-1946, covers welding symbols for shipyard 
drawings. The scheme which has been standardised 
is based on two principles, namely, that the symbol 
is in all cases a simple diagrammatic section of the 
weld metal of the joint, and that the top of the symbol 
always represents the near side of the weld. In 
emphasising the necessity of having a system of welding 
symbols, the compilers point out that there is cofisider- 
able exchange of plans between collaborating ship- 
builders, and the main structural plans are submitted 
to an approval authority. Moreover, personnel move 
from one firm to another. For these reasons it is 
desirable that the system adopted should be standard 
through- out the industry. In preparing the specifica- 
tion, an attempt has been made to eliminate, as far as 
possible, the danger of confusion in the interpretation of 
the symbols. It does not seem practicable to indicate 
clearly by means of a symbol complete details of a 
joint, and therefore the present system has been 
devised for use in conjunction with a key schedule of 
joints giving complete details of the edge preparation, 
gaps and welding procedures over the full range of 
material thicknesses for each type of joint included in 
the practice of a shipyard. [Price ls., postage included. ] 

Steel Gutters, Pipes and Fittings.—A revision of 
specification B.S. 1091, originally published in 1942, 
has recently been issued. The specification covers 
pressed-steel gutters, pipes, fittings and accessories. 
In the present revision the opportunity has been taken 
to rearrange the clauses and subject matter, as well 
as to amend the requirements in the light of the present- 
day supply position. The specification is in two parts, 
dealing, respectively, with light pressed-steel galvanised 
rain-water gutters, pipes and fittings, and with heavy 
pressed-steel gutters. Requirements in respect of 
materials, workmanship, dimensions, galvanising and 
inspection are included. Dimensioned drawings of 
the types of gutters and fittings dealt with in the specifi- 
cation are given. [Price 2s., postage included.] 





BOOKS RECEIVED. 

Mitteilungen aus dem Institut fiir Baustatik an der Eidge- 

nossischen Technischen Hochschule in Ziirich. No. 16. 

Die Berechnung der Stockwerkrahmen. By Dr. sc. 

TECHN. BERNHARD ULRICH. A.G. Gebr. Leemann & 

Co., Stockerstrasse 64, Ziirich 2, Switzerland. [Price 

9 Swiss francs.) 

Mitteilungen iiber Forschung und Koustruktion im Stahl- 

bau. No. 3. Die Sektor—Hakenschiitze des Kraft- 

werkes Rupperswil-Auenstein. La vanne-secteur double 
pour Vusine hydro-électrique de Rupperswil-Auenstein. 

By Dr. C. F. KOLLBRUNNER. A.G. Gebr. Leemann 

& Co., Stockerstrasse 64, Ziirich 2, Switzerland. 

[Price 4 Swiss francs.] 

Publications du Laboratoire de Photo-éasticité de VEcole 

polytechnique fédérale. No. 3. Eaperimentelle Unter- 

suchung der Spannungsverteilung in freiaufliegenden 

Balken. Theoretische Untersuchungen iiber die Eigen- 

frequenz parallelog Jérmiger Platten. By Dr. sc. 

TECHN. RUDOLF BEREUTER. A.G. Gebr. Leemann & 

Co., Stockerstrasse 64, Ziirich 2, Switzerland. [Price 

11 Swiss francs.] 

The Institution of Structural Engineers. Reinforced Con- 
crete for Buildings and Structures. Report on Formulae 
for Computation of Stresses. Offices of the Institution 
11, Upper Belgrave-street, Westminster, London, 
S8.W.1. [Price 1s.] 

The Institution of Structural Engineers. Form A. Form 
of Contract for the Engagement by the Principal of the 
Services of a Consulting Structural Engineer. Revised 
1946. [Price 1s. 6d.) Form B. Form of Contract for 
the Engagement by the Architect of the Services of a 
Consulting Structural Engineer. Revised 1946. [Price 











have leased the house and laboratories at The Frythe, Wel- 
wyn, Hertfordshire, for general and academic research in 
branches of biological, chemical and physical science. 
Among the subjects to be studied are the antibiotic pro- 
ducts of moulds, the kinetics of continuous chemical 
reactions and the deformation of materials under high 
stresses of short duration. Work will also be done on 
the design of industrial instruments and on industrial 
toxicology. The new laboratories will eventually house 
20 or more senior research workers, with assistants and 
administrative staff. The premises at The Frythe are 
intended as temporary accommodation until the site at 
Butterwick Wood, near St. Albans, which was originally 
selected, can be developed. The activities of the Butter- 
wick Research Laboratories will be completely inde- 
pendent of all other research departments of the firm, 
which will continue to be concerned with more 


1s. 6d.] Offices of the Institution, 11, Upper Belgrave- 
street, Westminster, London, S.W.1. 

Svenska Forskningsinstitutet for Cement och Betong vid 
Kungl. Tekniska Higskolani Stockholm. Proceedings 
No. 6. Report of the Director on the Work of the Institute 
During the Period July 1, 1944, to June 30, 1945. [Price 
kr. 5.] Bulletin No. 6. Circular Plates with Concentrated 
Load on an Elastic Foundation. By SVEN G. BERG- 
strém. [Price kr.1.] Swedish Cement and Concrete 
Research Institute, Royal Technical University, Stock- 
holm. 

Mathematical Theory of Elasticity. By Proressor I. 8. 
SOKOLNIKOFF, with the collaboration of PROFESSOR 
R. D. Specut. McGraw-Hill Book Company, Incor- 
porated, 330, West 42nd-street, New York 18, U.S.A. 
[Price 4-50 dols.] McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
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PERSONAL. 

Str Amos L. Ayre, K.B.E., President of the Institute 
of Marine Engineers, has been awarded the honorary 
degree of D.Sc. by the University of Durham for services 
rendered as Director of the Merchant Shipbuilding and 
Repairs Division, Ministry of Shipping, 1939-40, and ag 
Deputy Controller of Merchant Shipbuilding and Repairs 
and Director of Merchant Shipbuilding, Admiralty, 
1940-44. 

Proressor J. T. RANDALL, D.Sc., F.Inst.P., F.R.S., 
who was appointed to the Chair of Natural Philosophy, 
University of St. Andrews, in 1944, has succeeded Sir 
CHARLES ELLIS, F.R.S., as Wheatstone Professor of 
Physics, King’s College, London, W.C.2, on the latter’s 
appointment as a member of the Coal Board. 

Proressor C. H. LOoBBAN, D.Sc., M.Inst.C.E., has 
retired from the chair of civil engineering at King’s 
College, London, after 26 years of service at the College. 
He is succeeded by Dr. A. D. Ross, A.M.Inst.C.E. 

Sm WILLIAM THOMSON HaLorow has been elected 
President of the Institution of Civil Engineers for the 
1946-47 session, in succession to SiR PEIRSON FRANK. 

Mr. C. W. ToNKIN, B.Sc. (Eng.) (Lond.), M.I.Mech.E., 
A.M.I1.Mar.E., has been appointed Inspector of Technical 
Education to the London County Council. 

Dr. M. L. Becker, B.Met., chief metallurgist, gear 
and tool division, Messrs. David Brown and Sons (Hud- 
dersfield), Limited, and formerly in the Department of 
Metallurgy, National Physical Laboratory, has been 
appointed superintending metallurgist to the British 
Iron and Steel Research Association. 

Mr. G. H. LAKE, M.I.E.E., city electrical engineer 
and general manager, Nottingham Corporation Elec- 
tricity Supply, is retiring at the end of August. 

Mr. 8S. J. WHYBROW has been appointed a director of 
the Stirling Boiler Company, Ltd., and deputy to the 
general manager, Mr. G. SUMMERS, with effect from July 1. 

Mr. W. E. REDMAYNE, who is at present on the staff 
of the Finchley Corporation Electricity Department, has 
been appointed borough electrical engineer, Redcar 
Corporation Electric Supply. 

Mr. J. A. BURNETT, A.M.Inst.C.E., has been ap- 
pointed Divisional Road Engineer, Scotland Division, 
Ministry of Transport, in succession to Mr. W. H. 
Bupgetr, C.B.E., M.C., M.Inst.C.E., F.S.I., who is 
retiring to-morrow, August 17. 

Mr. H. E. Prncaes, M.I.Mar.E., has been appointed 
an engineer surveyor by the British Engine Boiler and 
Electrical Insurance Company, Limited, Manchester. 

Mr. A. R. E. SINGER, B.Sc., and Dr. V. Konpic, 
B.Se., have been appointed lecturers in industrial 
metallurgy in the University of Birmingham. Mr. 
Singer will deal particularly with wrought metals and 
their production and Dr. Kondic will specialise in the 
melting and casting of metals. 


Mr. H. W. T. Mason is retiring from the London 
office of Messrs. Edgar Allen and Company, Limited, 
Imperial Steel Works, Sheffield, 9, at the end of August. 


Messrs. RUSTON AND HornsBy, LimIreD, Lincoln, 
inform us that their Midland branch office, which was 
evacuated to King’s Norton during the greater part of 
the war, has now returned to Chamber of Commerce 
Buildings, New-street, Birmingham, 2. (Telephone : 
Midland 2811.) This office covers North Wales, Cheshire, 
Lancashire and Westmorland, in addition to the Midlands. 


A new company, BRITISH UNITED TRACTION, LIMITED, 
has been fermed for the purpose of pooling all the 
resources, relating to trolley-’buses, of the ASSOCIATED 
EQUIPMENT COMPANY, LIMITED, and LEYLAND Morors, 
Limtrep. The registered office will be at Hanover House, 
14, Hanover-square, London, W.1. (Telephone : 
MAYfair 8561.) and all inquiries concerning trolley 
*buses, whether they relate to orders already placed 
with either firm, to existing fleets, or to the acquisition 
of new vehicles, should be directed to the new address. 


SPECIALLOID LimIreD, North Finchley, London, N.12, 
have been appointed sole export distributors for all 
world markets, except Eire and the Union of South 
Africa, for ‘‘Hagco” cylinder liners, valves, valve 
guides and valve seats manufactured by MEssRs. HAROLD 
ANDREWS GRINDING CoMPANY, LIMITED, Birmingham. 
Specialloid Limited have also formed a Canadian sub- 
sidiary company, SPECIALLOID (CANADA), LIMITED, 
425, River-street, Verdun, 19, Montreal. 


Messrs. Evco Toots, LimirepD, 30, Budge-row, Lon- 
don, E.C.2, have appointed Messrs. MELVIN BROTHERS, 
72-78, Causewayside, Edinburgh, to be their sole agents 
for Scotland, in connection with their Micrometric ex- 
panding milling spacers and Micrometric work-stop with 
ball-bearing head. 

BRITISH INSULATED CALLENDER’S CABLES, LIMITED, 
Norfolk House, Norfolk-street, London, W.C.2, inform 
us that the address of their Manchester office has been 
changed to Faraday House, Todd-street, Manchester, 3. 











specifically industrial problems. 


[Price 22s. 6d.} 


(Telephone: B ackfriars 7044/5). 
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NOTES FROM THE NORTH. 


GLasGcow, Wednesday. 

Scottish Steel—The demand surpasses all previous 
experience, and the English holidays have not reduced 
the number of new orders and inquiries. Local works 
report a steady supply of fuel, though working margins 
jn fuel are so narrow that makers cannot see very far 
ahead. The labour shortage is rather less acute than it 
was, but some mills are still losing output on account 
of the lack of spare men to take the place of skilled men 
incapacitated by sickness, etc. If the labour and fuel 
resources available to steelmakers could be increased, 
it is stated, the output of Scottish steel would be increased 
to a new high record during coming months. Plates are 
the outstanding feature, and new business cannot now 
be taken for delivery earlier than the first period of next 
year. Sections and bars are almost as difficult to procure 
in reasonable time. Steel sheets are still the scarcest of 
all steel products, and makers are indicating the second 
period of next year for new business. Export commit- 
ments have been reduced severely, and new inquiries 
are being turned down almost en bloc. Scottish re-rollers 
have been greatly relieved to learn that the Board of 
Trade and the Steel Control have agreed to leave tonnages 
rolled from discard and scrap materials outside the 
ordinary export quota. This will allow Scottish firms, 
who have special overseas commitments to fulfil, to 
proceed with their orders without further interference 
for the time being. Tubemakers report an increased 
demand for medium and small diameter tubes, and tube 
strip is being specified on a greater scale than ever. The 
pig-iron position in Scotland is no easier despite increased 
ore imports and higher output. The shortage of good 
heavy scrap, however, is not affecting steelmakers much, 
owing to the good supply of pig iron they have been 
getting. 

Scottish Coal.—The output from the collieries this week 
and last was disappointing. Attendances were much 
better at most pits, on account of the possibility of earning 
a bonus for Bank Holiday Monday if full attendance is 
given, but the outputs were by no means commensurate 
with the additional labour force engaged. Owing to the 
pressing demands from the public utilities and other large 
users, the collieries would have sent more coal, but 
with the moderate production available they have had 
difficulty in maintaining the normal weekly supplies. 
Electricity undertakings constituted the greatest pro- 
blem to suppliers, owing to the depleted condition of 
their stocks; at the moment, stocks are being restored 
slowly with the aid of a supplementary allocation directed 
by the Control. Gasworks and railways appear to be 
relatively well supplied, but steelworks have been 
exerting heavy pressure in order to obtain supplies to 
meet their requirements. Industrial users generally 
have managed to secure sufficient for their daily needs, 
and the shipbuilding and engineering concerns on the 
Clyde have been taking an unusual amount to meet 
their increased outputs. House coal is moving steadily, 
the full allocation being made available to merchants in 
nearly all cases. The private consumer has continued to 
take his weekly allowance despite holidays and other 
summer influences, and it is understood that private 
stocks have been substantially improved in recent weeks. 
The continued heavy demand for gas and electricity 
works is attributed partly to the use being made of 
these supplies in an effort to conserve stocks of raw coal 
for winter needs. Export trade in Scottish coal is slow. 
The usual allocations of inferior descriptions for overseas 
shipment have been made for August, but actual stem- 
ming arrangements have been slower owing to holiday 
influences. 





INSTITUTE OF WELDING.—We learn that 69 members 
of the Institute of Welding resident in the East Midlands 
area have applied to the Council of the Institute for 
permission to form an East Midlands branch, serving 
Derby, Burton-on-Trent, Mansfield, Newark, Lincoln, 
Grantham, Nottingham, Loughborough, Leicester and 
the adjoining areas. The matter is now under con- 
sideration by the Council. 





PRODUCTION OF PIG IRON AND STEEL IN GREAT 
BritaIn.—According to statistics issued by the Ministry 
of Supply, the production of steel in the United Kingdom 
during the second quarter of 1946 was at the rate of 
13,111,000 tons per annum. The corresponding figure 
for the first quarter of the year was 12,617,000 tons 
and for the second quarter of 1945, 11,814,000 tons. 
The production during June slightly exceeded the figure 
for June of last year, even although the Whitsun and 
Victory Day holidays occurred in June this year, whereas 
there were no public holidays in June, 1945. The output 
of pig iron during the second quarter of the present year 
was at the rate of 7,827,000 tons per annum, compared 
with 6,894,000 tons in the corresponding period of 1945. 
The production for June was at the rate of 7,879,000 tons 
& year, compared with 6,916,000 tons in June, 1945. 
The production of pig iron is not significantly affected 
by public holidays. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The heavy and still increasing 
demand for iron and steel absorbs all supplies as they 
become available. The aggregate tonnage output, 
while below this year’s peak production, is at a high 
level, but the persistent demand for larger deliveries is 
severely taxing the capacity of the plants in operation. 
Nearly all descriptions of material are wanted in con- 
siderably larger quantities than are obtainable. The fuel 
situation still occasions anxiety. Better supplies of 
coal and coke would, doubtless, permit an increase in the 
output of several commodities. The release of iron and 
stee] for shipment overseas continues unavoidably 
small, priority claims for material for urgent home 
requirements absorbing the bulk of the tonnage available. 
Pig-iron supplies do not cover current needs and heavy 
parcels of scrap are being used at foundries and steelworks. 
Foundry and Basic Iron.—-The production of No. 3 
Cleveland pig is still irregular and small and North-Kast 
Coast consumers of foundry iron are more than ever 
dependent on regular deliveries from other producing 
areas. Substantial parcels of Midland brands are 
steadily reaching works in the Tees-side zone and still 
greater deliveries would be welcome. Larger quantities 
for the light-casting plants are much needed to enable the 
foundry outputs to keep pace with delivery obligations 
under running contracts. Basic-iron makers continue 
to retain the whole of their output for the requirements 
of local steel-producing plants. 


Hematite, Low-Phosphorus and Refined Iron.—Careful 
allocation of the limited make of East-Coast hematite is 
providing satisfactory parcels for essential home purposes 
and deliveries of low- and medium-grades of phosphorus 
iron are sufficient for the users’ actual needs. Refined-iron 
makers are also able to cover their customers’ require- 
ments. 

Manufactured Iron and Steel.—Producers of semi- 
finished and finished iron are able to meet orders, but 
steelmakers cannot cope with the heavy demand. Larger 
deliveries of stee] semies are urgently needed. Re-rollers 
and wire manufacturers are calling for larger supplies of 
billets and sheet makers are demanding maximum 
deliveries of bars and slabs. There seems little likelihood 
of a material increase in home products and prospects of 
larger imports from overseas are not very bright. All 
classes of rolled steel are being specified in large quantities 
and bookings for plates and sheets extend into the first 
quarter of next year. Works providing sections, rails, 
railway chairs and points and crossings are busily em- 
ployed and plants turning out pit props, arches and 
colliery roofings are actively engaged. 

Scrap.—Scrap is in ample supply, but foundries and 
steelworks continue to take large tonnages. The 
descriptions in most demand are heavy cast-iron scrap 
machinery metal and good melting steel scrap. 





IRON AND STEEL INsTITUTE.—The annual autumn 
meeting of the Iron and Steel Institute will be held in 
London on Wednesday and Thursday, November 13 
and 14. The programme will be issued in due course. 





TECHNICAL MISSION TO THE CARIBBEAN OILFIELDS.— 
For the purpose of studying the equipment and methods 
used in the production of petroleum and its refining 
processes, and for encouraging the greater development 
of petroleum-equipment manufacture in this country, a 
mission of technical representatives from ten member 
firms of the Council of British Manufacturers of Petro- 
leum Equipment, will leave this country on or about 
August 22 for a three months’ tour of the oilfields and 
refineries in Trinidad, Venezuela and Colombia. In 
addition to the assistance of the Council, the Mission is 
being supported to the fullest extent by the Ministry of 
Fuel and Power, and the Export Development Depart- 
ment of the Board of Trade, and it will be received 
publicly in both Trinidad and Venezuela. The names 
of the members, with the firms they represent, are as 
follows :—Mr. G. R. Bolsover, leader of the mission, 
director and chief metallurgist of Messrs. Samuel Fox 
and Company, Limited (branch of the United Steel Com- 
panies, Limited)* Mr. E. E. Allen, petroleum engineer, 
Industrial and Engineering Development Association ; 
Mr. D. H. Carter, commercial manager, Messrs. Head, 
Wrightson Processes, Limited ; Mr. A. G. Ellison, chief 
research metallurgist, Petroleum Equipment Department, 
Yorkshire Copper Works, Limited ; Mr. E. T. Forestier, 
technical consultant, Messrs. Newman, Hender and Com- 
pany, Limited; E. F. E. Howard, director and sales 
manager, Messrs. Hayward-Tyler and Company, Limited ; 
Mr. F. Kenyon, joint managing director (technical), 
Messrs. William Kenyon and Sons, Limited; Mr. H. 
Martin, research engineer, Murex Welding Processes, 
Limited; Mr. F. Pritchard, London engineer manager, 
British Oilfields Equipment Company; and Mr. G. H. 
Thorne, vice-chairman and assistant managing director, 








Messrs. Dawnays, Limited. 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—There was a moderately good return 
to work after the holidays. The completion of some 
re-organisation schemes has paved the way for larger 
production, provided that the scarcity of fuel does not 
become more pronounced. Manufacturers are con- 
cerned about the growing scarcity of some materials, 
particularly high-carbon steels, the demand for which 
is greater than the supply. Users had become partly 
dependent upon high-carbon steels from America, and 
the cessation of imports has left a gap. Heavy iron 
foundries could deal with more orders, while some of the 
heavy steel departments are not yet working at full 
capacity. Light rolling mills need many more skilled 
men. A record season in the agricultural steel depart- 
ments, both in machine parts and tools, has been con- 
cluded, and manufacturers are hopeful that the new season 
will be equally active. 


South Yorkshire Coal Trade.—The end of one dispute 
and the beginning of another in the South Yorkshire 
coalfield are signs of the unreliability of coal production, 
which will have to be increased considerably if industrial 
and public-utility needs are to be satisfied in the autumn 
and winter. Reserves of industrial steams are low, 
and stocks of coke at the coke-works and depots are much 
below the normal level for this time of the year. There 
is still an acute shortage of gas coal, despite the direction 
of house-coal qualities to gasworks. Electric-power 
undertakings also have relatively light stocks. Railways 
have been consuming more coal for the holiday train 
services and are pressing for larger deliveries. 





NOTES FROM THE SOUTH-WEST. 
CarRpIFF, Wednesday. 

The Welsh Coal Trade.—aAs a result of the complete 
stoppage of almost all collieries during the Bank Holiday 
week and the subsequent absenteeism, supply conditions 
have remained very difficult on the Welsh steam-coal 
market during the past week. Operators have been 
regarding the approaching winter with some apprehension, 
and it now seems unlikely that Mr. Shinwell will be able 
to obtain the extra coal he has asked for to cover the 
country’s needs. It is feared that, in consequence, 
he may turn for relief to the export trade and stop the 
limited shipments that exporters have been able to 
arrange in recent months. During July, it will be 
remembered, export allocations for ordinary consumers 
were greatly reduced, although later in the month 
supplementary quotas were granted which brought the 
level up to the average of previous months. For August, 
the allocation was again on the reduced scale; in the 
case of the two largest customers of South Wales, 
France and Italy, it was fixed at 10,000 tons each for the 
period. It seems unlikely that any additional quantities 
will be made available. Exporters had hoped that a 
similar allowance would be made for September, but 
now fear that the coal which had been allowed them 
will be stopped and diverted to the briquette-making 
industry to provide extra fuel for home, industria] and 
domestic purposes. The demand for all grades continues 
to exceed potential outputs for some time to come. 
All the large descriptions are in sustained demand and 
with order books well filled forward are very firm in 
tone. Supplies of the sized and bituminous smalls 
are extremely difficult to arrange for. The home demand 
for cokes and patent fuel is active. 





PRAGUE INTERNATIONAL Farr.—After a long interval, 
the Prague International Fair will be held again during 
the week from September 15 to 22. This exhibition has 
been organised to include the great variety of products 
of the industries of Czechoslovakia, ranging from delicate 
glassware to heavy machinery. Information about the 
Fair, travelling facilities and accommodation, can be 
obtained from the Czechoslovak Economic Association, 
64, Great Cumberland-place, London, W.1, and from all 
Czechoslovak Consulates. 





MororsHIPS FOR HOLYHEAD-KINGSTOWN SERVICE.— 
The London Midland and Scottish Railway have placed 
an order with Messrs. Harland and Wolff, Limited, 
Belfast, for two new twin-screw passenger and cargo 
motorships for the Holyhead and Dun Laoghaire (Kings- 
town) service. Each ship will have a gross tonnage of 
about 5,200, a length of nearly 400 ft., a beam of 54 ft., 
and a moulded depth of 19 ft. 6 in. The propelling 
machinery will consist of Diesel engines designed to 
give the vessels a speed of 21 knots. Each ship will be 
able to carry upwards of 2,000 passengers. It is antici- 
pated that the new ships will be in service for the summer 
traffic of 1948, and it is of interest to note that their 
introduction should closely coincide with the centenary 
of the famous Irish Mail train, which commenced to run 
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RAILWAY ACCIDENTS IN 
1945. 


Aw accident is an unforeseeable occurrence, but 
it is not a causeless one. Although accidents are 
fortuitous events, they are all due to a combination 
of circumstances in which some factor of failure is 
involved. Such a simple matter as a person falling 
downstairs will be due either to want of care, or 
to a loose stair carpet, a slippery tread, or some 
similar mechanical defect. Incidentally, simple 
accidents of this kind resulted in five deaths and 
144 cases of serious injury to passengers on railway 
premises in Great Britain in 1945. These events, 
which were not in any way connected with the 
movements of railway vehicles, are added to the 
grand total of railway accidents for the year and 
account for more than a quarter of the accidents 
to passengers. As the railway companies are re- 
quired to report all cases of death or serious injury 
in which they are concerned, these accidents are 
naturally included in the annual returns. Though 
they are segregated in the detail figures, these ‘‘non- 
movement ”’ accidents act to swell the total and to 
suggest that a railway is a more dangerous place 
than it actually is. 

As all accidents may be grouped either under 
‘* want of care” or ‘“‘ mechanical defect,” the latest 
report* of Sir Alan Mount, the Chief Inspecting 
Officer of Railways, is of particular interest for the 
light it throws on the effect of war conditions on 
accident trend. This report is still, however, not 
directly comparable with those which preceded the 
war. On September 1, 1939, an order was issued 
simplifying the returns which the railway companies 
were required to make. This order was withdrawn 
on December 31, 1945, so that the report for the 





. ™ Accidents which occurred on the Railways of Great 
Britain during the Year 1945. London: H.M. Stationery 





Office. [Price 6d. net.] 








current year when it appears will be on the same 
basis as that of pre-war issues, but the present 
report is strictly comparable only with those for 
1940 to 1944. From the point of view of accident 
records, the main modifications introduced by the 
simplifying order were that only cases of death or 
serious personal injury, and mechanical accidents 
which interrupted traffic for more than three hours, 
were required to be reported. An example of the 
effect of this modifying order is provided by figures 
for all casualties, killed and injured, per million 
train-miles ; the average for the years 1930-34 was 
17-7; in 1945, the figure was 2-8. Similarly, 
“accidents to or failure of Rolling Stock or Per- 
manent Way” were 5,772 in 1930-34 and 161 in 
1945. 

Public interest is apt to be concentrated on the 
number of fatal accidents, cases of injury receiving 
less attention. This is understandable, but is not 
a profitable point of view to adopt if accident 
trends are to be properly analysed and remedial 
measures discussed. Under the modified order, 
serious personal injury was defined as amputation 
of limbs, fractures or dislocations, and internal 
injuries. It is clearly a matter of incalculable chance 
that a person who sustains such injuries does not 
become a fatality. A sounder way to measure 
the accident record is to add together the cases 
of death and serious injury and treat them as 
a single factor. For what they are worth, however, 
and for purposes of record, the figures of fatalities 
may be quoted. In 1945, the number of passengers 
killed in train accidents was 45, and in movement 
accidents 89. The corresponding averages for 
1940-45 were 30 and 111. The number of servants 
of companies and contractors killed in train 
accidents was 17 and in movement accidents 221; 
the 1940-45 averages were nine and 245. 

Although, as suggested, fatalities are not the best 
basis on which to consider accident rates, they have 
the advantage that current figures are directly 
comparable with those of pre-war years. The 
average number for all cases of death per million 
train miles for the five five-year periods from 1915 
to 1939 were 1-8, 1-1, 0-9, 0-7, and 0-8. For 
the years 1940-1945, the average was 1-2; for 
1944 it was 1-3 and for 1945, 1-1. Apart from the 
high figure of 1-8 for the 1915-19 period, it will 
be seen that the war years showed an increased 
accident rate over that of pre-war years. The 
1915-1919 period included the Quintinshill accident, 
in which there were 224 fatalities and was an excep- 
tional case which also fell in a war year, and, in 
general, the record shows a tendency for the accident 
rate to fall up to the year 1939. A sharp rise then 
took place, but 1945 indicates a falling tendency 
and the average of 1920-24 has again been reached. 
The figures representing fatalities and serious 
injuries added together, comparable only over 
the war period, also indicate an improvement in 
1945. The average per million train. miles was 
3-1 for the years 1940-1945. For 1944 it was 3-3, 
but in 1945 dropped to 2-8. 

The two causes of railway accidents, “want of 
care”’ and “ mechanical defect,’’ or, more briefly, 
human or material failure, will both tend to increase 
their range in war-time. The calling-up of experi- 
enced men for the armed forces and their substitution 
by untrained recruits necessarily lowers the standard 
of informed care with which traffic movements are 
carried on, and the diversion of important sections 
of railway workshop capacity to munitions manufac- 
ture will at the same time result in some deteriora- 
tion in the standard of maintenance of plant and 
material. When these adverse conditions were 
accompanied by an increase in passenger miles by 
79 per cent. over the twelve months ended August, 
1939, and in freight-train mileage by 35 per cent. 
over the figure to 1938, it was only to be expected 
that some increase in the number of accidents 
would result. In the event, these adverse influences 
had less effect than might have been expected. 

Of the two causes of accident, human and mecha- 
nical, the first has the wider influence, and is the 
less controllable. ‘‘ Want of individual caution, 
momentary thoughtlessness, and disobedience of 
Safety Rules accounted for most of the 107 fatalities 
among men walking or standing on the lines.”” These 
men were all experienced or at least had had specific 








158 





ENGINEERING. | 








instruction about safety measures. The extent to 
which the safety of passengers lies in their own hands 
is illustrated by a comparison between train acci- 
dents (116) and movement accidents (233); the 
former entirely beyond the passengers’ control and 
the latter largely their own want of care. They 
cover such cases as ‘‘ attempting to enter or alight 
from trains” and “ falling out of carriages during 
running of trains.” 

Passenger deaths due to train accidents are 
roughly a measure of the number of serious train 
accidents. The total number of such accidents, 
defined as involving more than three hours delay in 
traffic, was 363 in 1945, compared with an average 
of 388 for 1940-45 and a total of 402 for 1944. 
Most of these events, however, did not involve 
death or injury to passengers. The number of 
passengers killed or seriously injured in events of 
this kind is naturally greater than the number of 
railway servants; the size of train crews is very 
small compared with the number of passengers in 
their care. In 12 train accidents which were the 
subject of inquiry during the year, 47 passengers 
were killed as against 13 railway servants, and 
three of the accidents involved freight or empty 
trains in which passengers were not involved. By 
far the most serious accident was that at Bourne End 
on September 30, when 41 passengers and the driver 
and fireman lost their lives; an example of the 
manner in which a good record for a year may be 
marred by a single accident. The minor part which 
mechanical failure played in the serious train acci- 
dents of the year is shown by the fact that, in the 
12 inquiries referred to, in nine cases the accident 
was adjudged to be due to human failure. In only 
one case was defective rolling stock responsible. This 
was at Carcroft, on October 31, when an express 
train was derailed owing to the connecting rod of 
a locomotive becoming detached from the crank-pin. 
There were no casualties. The other two cases of 
** mechanical ” failure were at Bootle in Cumberland, 
when a wagon loaded with ammunition caught fire, 
and the breach in the railway track at Llangollen, 
caused by the collapse of a canal bank. A detailed 
description of this latter occurrence appeared on 
page 177 of our issue of February 22, 1946. 

The failure of the human element is most clearly 
exhibited in the deaths and serious injury of railway 
servants and contractors’ men in movement acci- 
dents ; the latter class is small and accounted for 
only 16 out of a total of 627. The chief causes of 
these accidents were coupling and shunting opera- 
tions, working on the permanent way, and “ walking 
or standing on the line on duty or when proceeding 
to or from work.” Apart from men taking part in 
shunting, there were 23 deaths and 16 serious 
accidents due to persons being caught between 
vehicles. The report states that these accidents 
were almost entirely due to failure to pass round, 
instead of between, vehicles standing in close 
proximity, or, when this was impossible, to take 
elementary precautions to see that vehicle move- 
ment was not in progress or imminent. Walking 
or standing on the line was by far the most 
common cause of movement accidents and was 
responsible for a total of 164. Sir Alan Mount 
considers this the worst feature of the year’s figures. 
A proportion of these accidents is due to fog or 
other unfavourable weather conditions, but appa- 
rently “‘they were due for the most part to want 
of care on the part of the individual.” The total 
is considerably higher than that of 1944, and it 
does not seem likely that 1945 was characterised 
by ‘a larger proportion of raw labour than 1944. 
The only explanation which the report can offer 
is that “it may be due to the cumulative effect 
of the war period combined with a tendency to 
relax when hostilities ceased.” This may be the 
reason. The first post-war year has shown evidence 
of mental unrest throughout the world; one form 
of it may be a growth of carelessness which may 
even extend to activities involving an individual’s 
own safety. The only direct way for the railway 
administrations to deal with this matter is to ensure 
that their working rules are as comprehensive, and 
yet as easy to understand, as possible, and to 
endeavour to ensure that senior members of their 
staffs set an example to the rank and file by 
obeying them scrupulously. 





GAS PRODUCTION IN 
GREAT BRITAIN. 


In these uneasy days, when the slogan that “ Gas 
never lets London down ”’ is being somewhat blown 
upon, to discuss the relatively uninterrupted pro- 
duction of gas during the strenuous years of the 
recent war is more than a little reminiscent of 
Richard II’s invitation to “‘ sit upon the ground and 
tell sad stories of the death of kings.”” To which, 
as those who remember their Shakespeare may 
recall, the Bishop of Carlisle retorted that ‘“‘ wise 
men ne’er sit and wail their woes, but presently 
prevent the ways to wail.” Unfortunately, the 
complicated structure of modern civil administra- 
tion has not yet found satisfactory means to “ pre- 
sently prevent ”’ small bodies of recalcitrants in key 
positions from holding entire communities to ransom 
merely to serve their selfish ends, and so the 
Londoners must go without gas for no better reason 
than that a relative handful of maintenance men in 
the gasworks are impatient because the processes of 
industrial negotiation are too leisurely for their 
liking, and their responsible position offers an 
opportunity to apply immediate pressure that seems 
too tempting to be resisted. By comparison, the 
statistical records of how the nation’s gas supplies 
were maintained, in face of all that a determined 
enemy could do to disrupt the national economy, 
shows such behaviour in sorry contrast, and may 
reasonably give rise to doubts whether the projected 
nationalisation of the gas industry can offer any 
material improvement upon the actual performance 
of the industry during the war years, as it is shown 
by the returns for 1938-44, recently published.* 

Although the title of the return makes it appear 
to relate only to a seven-year period, in fact the 
principal statistics cover a much longer period, the 
details given in the comprehensive general summary 
going back as far as 1921; and one of the most 
striking features in the whole return, as revealed in 
this summary, is the remarkably steady expansion 
in the extent and output of the industry in spite of 
the contemporary growth in the electricity supply 
industry. The progressive rationalisation of the 
gas industry is shown clearly in the same summary ; 
for, while the aggregate mileage of gas mains has 
increased from 39,548 miles in 1921 to 68,174 in 
1944, and the total quantity of gas sold has increased 
in the same period from 299,077 to 369,539 million 
cubic feet, the number of authorised gas undertak- 
ings has fallen from 797 to 680. It appears, too, 
that there has been a considerable advance in the 
efficiency of gas production as indicated by the 
increased quantity of gas obtained per ton of coal 
carbonised; comparing the 1921 figures of 
15,776,000 tons of coal required to produce 194,518 
million cubic feet of gas with the figures for 1944— 
19,900,000 tons of coal, but 287,773 million cubic feet 
of gas—it will be seen that the increase in produc- 
tion is practically 17 per cent. This, of course, is on 
a purely volumetric basis, and takes no account of 
the increased extraction of valuable by-products ; 
but the fluctuations in calorific value have been 
comparatively small since the passing of the Gas 
Regulation Act in 1920, by contrast with the changes 
introduced by that Act or at about that period, and 
the greater part of the 17 per cent. improvement may 
be put down to more efficient carbonisation. It may 
be noted that the proportion of gas sold to the total 
of gas made has shown some variation since 1921 ; 
in that year it was 229,077 million cubic feet to 
250,345 million, a difference of rather more than 
21,000 million cubic feet, but in 1944 the ratio was 
369,539 million to 404,229 million, a difference ap- 
proaching 35,000 million. 

Not less remarkable than the increase in the 
quantity of gas sold is the parallel increase in 
the number of consumers, which has risen from 
7,559,310 in 1921 to 10,776,267 in 1944, a difference 
of 3,216,957 ; and it is interesting to note, as evi- 
dence of social and industrial trends, that the whole 
of this increase, and more, is represented by the 
expansion in the number of users of prepayment 





* Return Relating to all Authorised Gas Undertakings 
in Great Britain for the Years 1938-1944. Part I. H.M. 
Stationery Office, York House, Kingsway, London, W.C.2. 
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meters. In 1921, there were 4,071,220 prepayment 
consumers; in 1944, there were 7,289,800, a 
numerical increase of 3,218,580. During this period, 
however, there were more than 4,000,000 houses 
built in Great Britain ; so that, bearing in mind the 
numerous conversions of large houses into flats 
and the comparatively small number of them which 
were not fitted with a gas supply, it is rather sur. 
prising that the increase in the total number of 
consumers is not even greater. 

Some interesting comparisons emerge from a 
study of the constituent varieties of gas included in 
the total make. The figures quoted above for the 
production of gas by coal carbonisation cover the 
greater part of the total output, but the contribu. 
tions from other sources are not negligible, and the 
amount of coke-oven gas, in particular, has in- 
creased noticeably. In 1921, the total inclusion of 
coke-oven gas in the grand total was only 1,325 
million cub. ft., but in 1944 it was 49,319 million ; 
and of this increase, a full quarter was added in the 
five war years, 1940 to 1944. An incidental feature 
revealed by this column in the statistical table is 
the effect of the general strike of 1926 upon the 
production—which, of course, may be regarded as 
a general indication of activity in the steel industry 
and various other trades. In 1925, the quantity 
of coke-oven gas included in the total of gas made 
was, in round figures, 4,798 million cub. ft., and in 
1927 it was 5,340 million; but in 1926 it fell to 
only 2,322 million—striking evidence of the disloca- 
tion caused by the strike to the steel industry. 

The same table contains statistics of the ‘* quan- 
tity of residuals made,” although in fact the only 
figures given are those for coke and breeze in one 
column, and tar in another. The production of 
coke and breeze rose from 10-4 million tons in 1921 
to 13-74 millions in 1944 ; there was a slight drop in 
1926, but nothing comparable with the fall in the 
production of coke-oven gas, previously mentioned 
—only a matter of some 120,000 tons. There was 
a bigger drop than this (456,000 tons) between 
1939 and 1940, and the 1939 output was more than 
350,000 tons less than that of 1937. The production 
of tar, however, shows a greater relative increase 
than that of coke and breeze between 1921 and 1944 
—from 160 million gallons to nearly 247 millions. 
Under the heading of ‘‘ Materials used in making 
Gas,” it may be noted that there was a decrease 
in the consumption of coke for water gas and pro- 
ducer gas, but a material increase in the consumption 
of oil for carburetting. In 1921, the quantity of oil 
consumed for this purpose was 51-7 million gallons. 
The general strike of 1926 imposed a heavy overload 
on the oil-gas plants and the consumption rose 
to the record total, for the 25 years’ period, of 
97-7 million gallons; but it fell to between 32 and 
33 millions in 1936-38, inclusive, and did not 
exceed the 1921 figure until 1942, when the consump- 
tion was 52-86 million gallons. In 1943, it fell 
again to little more than 50 millions, but jumped 
in 1944 to 92-85 million gallons—an interesting 
proof of the adaptability of oil-gas plants. 

In the detailed returns of individual undertakings 
which constitute the greater part of the return, the 
production of the Gas Light and Coke Company 
stands out far above all others; even in the most 
difficult period of the war—1941—it amounted to 
more than 40,000 million cub. ft. of available output, 
of which 37,175 millions were sold to more than 
14 million consumers. These figures represent @ 
considerable reduction on the pre-war totals, for, in 
1938, 50,225 million cub. ft. were sold, out of 54,040 
millions available, and the number of consumers 
was nearly 1,674,000—roughly, 16 per cent. of all 
the gas sold in the country, distributed to rather 
less than 15 per cent. of the total number of con- 
sumers. Some of the effects of the war are traceable 
in the figures for the quantity of coke-oven gas 
taken by the company, which was 570 million cub. ft. 
in 1939 and 405 millions in 1940, but only 189 
millions in 1941. In 1942, when London public 
services were recovering from the intensive air 
attacks, the figure rose to 342 millions, in 1943 to 
474 millions, and in 1944 it reached its highest 
level, 584 millions. It is regrettable in the extreme 
that the men who brought London’s gas system 
through those perilous years should so quickly 
abandon the ideal of service to the community. 
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NOTES. 


THE Navy AND SCIENTIFIC RESEARCH. 


As recorded on page 211 of the 158th volume of 
ENGINEERING (1944), the Royal Naval Scientific 
Service was formed on September 7, 1944, to co- 
ordinate the work and the personnel previously 
divided among the Admiralty Scientific, Technical 
and Chemical “‘ Pools.”” The work of reorganisation, 
it was pointed out, must naturally be a gradual pro- 
cess, but it was the intention of the Admiralty to give 
the R.N.S.S. the status and responsibilities com- 
mensurate with its high importance. Their Lord- 
ships added that the Head of the new Service would 
be the Director of Scientific Research and Experi- 
ment. In an announcement which has just been 
made, however, it is stated that in order to reflect 
more adequately the importance to the Navy of 
scientific research in its broadest sense, it has been 
decided to replace the existing Department of 
Scientific Research and Experiment by a head- 
quarters organisation consisting of a group of 
departments under the immediate charge of the 
Chief of the Royal Naval Scientific Service. This 
group of departments will deal with various aspects 
of research, and, in pursuance of this decision, a 
number of appointments have been approved. 
These appointments include that of Sir Charles S. 
Wright, K.C.B., O.B.E., M.C., M.A., previously 
Director of Scientific Research, as Chief of the Royal 
Naval Scientific Service, that of Mr. F. Brundrett, 
C.B., B.A., hitherto a deputy Director, as Assistant 
to the Chief of the R.N.S.S. (Reconstruction), and 
that of Dr. J. A. Carroll, M.A., F.R.S.E., hitherto 
an Assistant Director of Scientific Research, as 
Director of Physical Research. In addition to the 
foregoing, Mr. O. Thornycroft, O.B.E., M.A., has 
been made Director of Aeronautical and Engineering 
Research; Mr. E. M. Gollin, M.A., one of the 
Principal Scientific Officers, becomes Director of 
Operational Research; and Mr. J. Buckingham, 
M.A., previously a Deputy Director of the Depart- 
ment, has been appointed Director of Research 
Programmes and Planning. 

THE ARRAN ELEcrricrry DistrrsuTion SCHEME. 

Scheme No. 14 in the plans of the North of Scot- 
land Hydro-Electric Board for the distribution of 
electricity in the area covered by its ‘‘ mandate ” 
relates to the island of Arran. The island measures 
about 160 square miles, which will be supplied by 
means of a system which, in the form of a figure 
eight, will not only link up the few small villages, 
but will provide a supply to practically every 
potential consumer in Arran. They are not numer- 
ous—the Board’s estimate is 1,330—but the probable 
demand in the summer months is likely to be 
higher than this figure would indicate, as the island 
attracts every year between 30,000 and 40,000 
visitors. As a first step, the whole of the plant and 
assets of the Isle of Arran Electric Light and Power 
Company will be transferred to the Board, who 
will use the existing plant at Brodick and propose 
to extend it immediately by installing an additional 
generating set, with a capacity of 240 kW. Further 
extensions will be made as the demand increases. 
The existing supply lines lead from Brodick over 
Birk Glen to Lamlash and Whiting Bay. They will 
be extended along the coast road through Dippin, 
Kilmory, Blackwaterfoot, Machrie and Pirnmill to 
Lochranza, in the north of the island, and then 
will turn south through Glen Chalmadale to connect 
with the existing lines from Brodick to Sannox and 
Corrie. Other new lines will be constructed from 
Brodick across the island to Blackwaterfoot. It is 
stated that the development of this supply scheme 
will reduce substantially the present charges made 
to consumers in Arran. The existing tariffs are 
1s. per unit for lighting and 4d. for heating and 
cooking, or, alternatively, a two-part tariff with a 
fixed charge, based on rateable value, plus 34d. per 
unit. The Board will introduce a block tariff, in 
which the first block of units—the number depending 
on the nature of the building or the use made of it— 
will be charged at 6d. per unit, the charge being 
reduced for subsequent consumption, on a sliding 
scale which falls to a penny per unit for domestic 
premises and 3d. per unit for premises used for 
business purposes. 


SwepisH INsTITUTE FOR TEXTILE RESEARCH. 


In an article which appeared in ENGINEERING of 
February 23, 1945, page 141, a description was given 
of the organisation of research facilities in Sweden, 
which were then undergoing rapid and considerable 
expansion. We have learned recently that the 
Swedish Institute for Textile Research—the fifth 
new research institute to be established in Sweden 
since 1939 with Government backing—has been in- 
augurated in Gothenburg by the Minister of Trade, 
Professor Gunnar Myrdal. The Institute is affiliated 
with the Chalmers University of Technology and has 
been established at the joint cost (amounting to 
about 1} million kroner, or approximately 88,0001.) 
of the Government and the Swedish textile and 
clothing industries. The expenses of maintenance 
will be shared similarly. The primary object of the 
Institute is to carry on technical and scientific 
research on all problems concerning the manufac- 
ture and use of textiles, and its scope will include all 
varieties of textile materials, including plastics. 
The equipment includes all the apparatus needed for 
chemical and physical investigations, as well as 
bleaching and dyeing machinery, washing machines, 
etc., for practical tests. This new development is 
part of the programme of intensified research work 
which Sweden was obliged to undertake in order to 
overcome the shortage of many essential supplies 
and commodities resulting from the war. The 
existing institutions were considerably enlarged, and, 
as stated, several new establishments were formed ; 
these include the Wood Research Institute, the 
Concrete and Cement Institute, the Metallographic 
Institute, and the general experimental laboratories 
of the Swedish Academy for Engineering Research, 
all of which are situated in Stockholm. As a rule, 
the financing of these research institutes is the joint 
responsibility of the Government and the industry 
concerned; they are additional to the various 
research laboratories maintained by individual 
firms, the number, variety and extent of which 
increased notably during the war years under the 
stress of circumstances. 


Rapio NaviGaTION ON MERCHANT SHIPs. 


The Ministry of Transport has arranged with the 
Decca Navigator Company for experimental opera- 
tional trials of their system of radio navigation to 
be undertaken on merchant ships. As is well 
known, this system makes use of a chain of trans- 
mitting stations, the signals from which enable 
a ship, by means of appropriate receiving equipment 
and special charts, to establish its position in a 
certain area. A chain of such stations, using provi- 
sionally assigned radio frequencies, has recently 
been established by the company in the Thames 
Estuary and parts of the North Sea, and has been 
employed by the Royal Navy for experimental 
purposes during survey and mine-sweeping work. 
In addition, it is now being used for these trials. 
To enable this to be done, the Admiralty has pro- 
vided the necessary “‘ latticed ” charts for the area, 
which extends from the Straits of Dover to the 
coast of Denmark, and a number of ships trading 
in that area have been equipped with the necessary 
apparatus. The ships’ officers are being asked to 
comment on the system and to answer a question- 
naire concerning its suitability for use in the 
Merchant Navy. Concurrently, tests are being 
carried out to determine the accuracy of the system 
at different distances from the transmitting station. 
and the areas within which it can be relied on 
during the day and night, respectively. The 
necessary continuous transmissions for these tests, 


which are expected to last some months, began on | mining 


July 18. Their object is to enable the Ministry of 
Transport, in conjunction with the department 
concerned with radio navigational aids for aircraft, 
to assess the value of the Decca system, as at 
present operated, in relation to other systems. 
At present it can be used only by ships which start 
their voyage within the area of coverage, but the 
possibility of modifying it so as to provide what is 
known as “lane identification’ is to be investi- 
gated. This will enable a vessel to determine its 
position on first entering the area of coverage of 
any chain of stations, and until it is in operation 
no final estimate of the value of the system can be 








made. In addition, the whole question of the use 





of radio navigational aids is bound up with the 
difficult problem of securing the necessary fre- 
quencies by international agreement. 

Tue NEWCOMEN SOCIETY. 

The Newcomen Society (“for the Study of the 
History of Engineering and Technology ”) have now 
issued a syllabus for the meetings to be held in this 
country in the 1946-47 session, which opens on 
October 9; as usual, most of the monthly meetings 
will be held in London, at times and places to be 
announced. At the opening meeting, Mr. T. R. 
Harris will present a paper on “ Engineering in 
Cornwall before 1775.” At the meeting on Novem- 
ber 13, two papers will be read, namely, on 
‘Nicholas Wood’s MS. Report Book,” by Captain 
E. W. Swan, O.B.E., R.N.V.R., and “ Richard, 
Roberts,” by Dr. H. W. Dickinson, M.I.Mech.E. ; 
and on December 11, Dr. J. N. Goldsmith, F.R.L.C., 
and Mr. C. O. Bannister, F.R.LC., will present a 
paper on “ Alexander Parkes and his Inventions.” 
The 1947 half of the session will open on January 8, 
when Mr. F. T. Perrins, B.Sc., M.I-Min.E., will 
deliver a paper on “‘ The History of the Staffordshire 
Thick Coal Seam ” and Mr. W. E. Charles will review 
“The History of Vitreous Enamelling.” There will 
be two papers also on February 12, the first being on 
“Zinc and Copper Mining near Malham, West 
Yorkshire,” by Dr. A. Raistrick, F.G.S., and the 
other on “The Iron Industry in Lancashire,” by 
Mr. W. M. Lord, B.Sc. On March 12, Mr. H. H. 
Coghlan, F.S.A., A.M.I.Mech.E., will survey * The 
Prehistory of the Hammer”; and the programme 
of evening meetings will conclude, on April 16, with 
one devoted to windmills, Mr. Rex Wailes, 
M.I.Mech.E., dealing with “‘ Windshafts ” and Cap- 
tain D. W. Muggeridge with “The Windmills of 
Hanover.” The date of the 1947 summer meeting 
is given provisionally as June 4, 5 and 6; the place 
and programme will be announced later. The 
address of the joint honorary secretaries of the 
Society (Dr. H. W. Dickinson and Mr. A. Stowers) is 
43, King’s-road, Chelsea, London, 8.W.3. 


Tue InstrruTion oF Mrxtna ENGINEERS. 


The rules and the syllabus of the examinations 
which it has been decided to establish for qualifica- 
tion for associate-membership of the Institution of 
Mining Engineers have just been published in 
pamphlet form. It is stated in the introduction 
that after April 30, 1952, all candidates for admission 
to associate-membership of the Institution must 
qualify by passing the prescribed examinations. 
Prior to this date, however, candidates are encour- 
aged voluntarily to avail themselves of this method 
of gaining admission to associate membership, but 
it is pointed out that those who are successful will 
still require to be formally elected in accordance 
with the by-laws, as in the past. The examinations 
comprise the preliminary or qualifying examination 
and first, second and final examinations. Facilities 
have been granted for candidates to take the 
Common Preliminary Examination conducted by 
the Engineering Joint Examination Board. The 
object of the first examination is to test the can- 
didate’s knowledge of the fundamental principles 
of science and engineering at the earliest possible age 
after the completion of his school education. It 
covers English and pure and applied science, and will 
be taken after the candidate has had at least two 
years of approved training and is not less than 
18 years of age. The object of the second examina- 
tion is to satisfy the Institution that the candidate 
has acquired the technical knowledge essential to a 
mining engineer. It will comprise six papers on 
ining-engineering subjects, and will be taken after 
the candidate has had at least four years’ training 
and is not less than 22 years of age. The final 
examination will be taken after the candidate has 
had not less than five years’ underground experience, 
including experience for at least one year in respon- 
sible control of underground work, and is not less 
than 24 years of age. The examination will com- 
prise papers on mining legislation and on mining 
economics and administration and an oral examina- 
tion. Copies of the examination rules and syllabus 
pamphlet, and application forms for the examina- 
tions, may be obtained from the secretary of the 
Institution, Salisbury House, Finsbury Circus, 
London, E.C.2. 
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LETTERS TO THE EDITOR. 


SOCIETY FOR THE DEVELOPMENT 
OF PHOTO-ELASTICITY. 


To THE EpiToR OF ENGINEERING. 


Smr,—It has been suggested that a society or 
association should be formed in this country for 
those scientists and engineers who are interested 
in the development and applications of photo- 
elasticity. It appears to us that there is need 
for an organisation which will put research workers 
in this field in touch with each other and 
in particular, will provide a common meeting 
ground for workers in industrial, Government and 
university laboratories. 

We are hoping to arrange a meeting at which the 
general character and aims of such a society could 
be discussed, and suggest that 11 a.m. on Friday, 
September 6, 1946, at University College, London, 
would be a suitable time and place for such a meet- 
ing. We should be glad to send an invitation to 
this meeting to any reader of your journal who 
might be interested. Letters should be addressed 
to the second signatory of this letter. 

Yours faithfully, 
H. T. Jessop, 
Engineering Department, 
University College, 
Gower Street, 
London, W.C.1. 
E. K. Frankt, 
Cambridge University 
Engineering Department, 
Trumpington Street, 
Cambridge. 
Cambridge University, 
Engineering Department, 
Cambridge. 
August 5, 1946. 





THE PROFESSIONAL ENGINEERS’ 
EMPLOYMENT BUREAU. 


To THE Eprror oF ENGINEERING. 


Sm,—At the end of last year, the Professional 
Engineers’ Employment Bureau commenced opera- 
tions and, as far as the writer knows, no report of 
its activities has appeared, which seems a great 
pity, as it started with such a flourish and so many 
prominent people were interested in its foundation. 
Has it been as successful as was hoped, and have 
the over forties received the same attention as the 
younger and more placeable men? It would be 
interesting to see the figures, say, to the end of 
June last, showing the percentage of registrants 
placed in each of the following categories : (a) under 
40; (6) 41 to 50; and (c) over 50. 

Yours faithfully, 
A.M.I.Mzcu.E. (Lonpoy). 
August 10, 1946. 





OBITUARY. 


MR. B. O. ANSON, O.B.E. 


WE regret to record the death of Mr. B. O. 
Anson, which occurred at Beeston, Nottinghamshire, 
on Wednesday, August 7, at the age of 68. 

Bernard Oglie Anson was born at Hull on May 11, 
1878, and was educated at Hessle School. He entered 
the service of the Post Office, as a sorting clerk and 
telegraphist, in 1896, and attended evening classes 
at the Hull Municipal Technical Institute, so that 
in 1903, he was able to obtain promotion to the 
position of third-class clerk in the Engineering 
Department. He was then posted to London, and, 
in 1908, joined the staff of the Engineer-in-Chief as 
established engineer. Two years later he was 
selected to study the problems of automatic tele- 
phony. He was largely responsible for the installa- 
tion of the exchange at Epsom in 1911, which was 
the first exchange in this country to be operated 
on the Strowger system. Under the late Sir William 
Noble, and afterwards Sir Thomas Purves, he later 
played a considerable part in the development of 


automatic telephony both in London and the 
provinces. He was promoted assistant engineer-in- 
chief in 1933, and on his retirement in 1938, was 
made an Officer of the Order of the British Empire 
for his services. 

After his retirement he became Assistant Secretary 
to the Fire Brigade Organisation under the Home 
Office, and did a good deal of work on the problems 
of standardising fire appliances. He was appointed 
technical adviser to Messrs. Ericsson Telephones 
Limited, Beeston, in November, 1939, and became 
works manager and chief engineer some six months 
later. Mr. Anson was elected an associate member of 
the Institution of Electrical Engineers in 1921, and 
was transferred to the class of member a year later. 
He was also a member of the Institution of Post 
Office Electrical Engineers. 


MR. J. S. BOISSIER. 


THE death is reported from Switzerland, at the 
early age of 52, of Mr. J. 8S. Boissier, B.Sc., 
M.Inst.C.E., who was, until his retirement on 
account of ill-health, Assistant Director of Public 
Works at Jerusalem. He had previously held a 
similar position in Malaya, where practically the 
whole of his professional life was spent. Mr. 
Boissier, who had been seriously ill for a considerable 
time, died in Lucerne on July 29. 

John Scobell Boissier, who was born on April 11, 
1894, received his general education at Exeter 
School, whence he proceeded to Birmingham Uni- 
versity in 1913 to study for an engineering degree. 
His studies were interrupted by war service, but he 
returned to Birmingham in 1919 and graduated in 
the following year with the degree of B.Sc. Almost 
immediately afterwards, he obtained an appoint- 
ment as an assistant engineer in the Public Works 
Department, Malaya, where he obtained his prac- 
tical experience in the practical manner, ‘on site.”’ 
In 1929 he was promoted to the grade of executive 
engineer, the duties of which he had previously 
assumed on various occasions in an “acting” 
capacity, and during the next seven years he 
acquired a wide variety of experience in the con- 
struction of roads, buildings in steel and reinforced 
concrete, and, more especially, waterworks, including 
dams, reservoirs, etc. He was personally responsible 
for the design and supervision of the water supply 
of Port Dickson, in Negri Sembilan, and for a time 
served as resident engineer on the construction of 
the Changi prison, in Singapore. In 1936, he was 
again promoted, to the grade of senior executive 
engineer, being engaged for the next three years 
principally on water-supply schemes. 

Mr. Boissier had been engaged for rather more 
than a year as senior executive engineer at the 
mining district of Ipoh when he was appointed, 
in 1939, to the post of Deputy Director of Public 
Works for Malaya, with charge of the head office 
of the Structural Department, in which capacity 
he was responsible for all the design work of a 
structural nature for the whole of the Straits Settle- 
ments. Subsequently, he reorganised the control 
and distribution of all the engineering stores of the 
Public Works Department throughout Malaya. In 
1941, he went as State Engineer to’ Kedah, the 
State bordering on Siam, and there, on the outbreak 
of war with Japan, he had the responsibility of 
handling a large emergency programme of road 
construction, totalling some 150 miles of road, 
and also organised supplies of water and electricity 
as part of the defence scheme for the Straits Settle- 
ments. When the area was overrun by the Japanese, 
he was fortunate enough to escape, and, in October, 
1942, was appointed Assistant Director of Public 
Works in Palestine, with headquarters in Jerusalem. 
This position, however, he was obliged to resign on 
account of ill-health, and after a long illness, he 
died in Switzerland, as previously stated, on July 29. 





ELLIOTT MEMORIAL PRIZE.—The Elliott Memorial 
Prize, which the Royal Aeronautical Society award 
twice a year to Royal Air Force apprentices at Halton, 
was presented to Apprentice F. L. Langley at the passing- 
out prize distribution at Halton on July 31. Apprentice 
Langley entered the Service in August, 1943, and gained 
the highest number of marks in the recent passing-out 
general-studies examination. The Prize has a value of 





24 guineas. 
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THE RAILWAY GAUGE ACT, 
1846. 


Tue Act for Regulating the Gauge of Railw ays 
received the Royal Assent on August 18, 1846, 
In spite of the importance of the motive, the terms 
of the Act were a typical British compromise and 
bore evidence of a reluctance to do anything which 
might appear to curtail the freedom of Parliament 
when considering future railways. Although the 
preamble of the Act stated ‘* Whereas it is expedient 
to define the gauge on which railways shall be 
constructed,” and section I laid down that it would 
not be lawful to construct a passenger railway on 
any gauge other than 4 ft. 84in., section II provided 
for future railways being constructed on any other 
gauge if Parliament so wished it. 

The first railways had been colliery or quarry 
lines built under the wayleave system without need 
for Parliamentary sanction, and most of them were 
plateways rather than railways. They were short 
isolated lines linking mines or quarries to canal, 
river or town, and were used by horse-drawn 
vehicles. The question of uniformity of gauge did 
not arise, but the type of vehicle used caused the 
gauge to be usually between 4 ft. and 5 ft. The 
first public railway, the Surrey Iron Railway 
(London to Croydon), the Act for which was passed 
in 1801, was also a plateway. The legal conception 
of a railway was then analogous to that of a turnpike 
road, and it was expected that those who wished 
to use the line would provide their own vehicles and 
horses. The possibilities of the steam locomotive 
were, however, beginning to be recognised, and 
experiments on colliery lines, particularly in North- 
East England, led to primitive locomotives being 
used in the Newcastle-on-Tyne area. George 
Stephenson’s experiments were made on the Killing- 
worth line, the gauge of which had been fixed, as 
early as 1762, at 4 ft.8in. The gauge of Stephenson's 
locomotives was, therefore, 4 ft. 8 in., and when he 
was employed to construct the Hetton Colliery line 
in 1819 he naturally used the same gauge. 

Although various civil engineers and writers 
seem to have grasped the vast possibilities of steam- 
operated railways, Stephenson appears to have 
been the only one to do so among the experimenters 
in the field of steam power. His success with the 
Hetton line led to his appointment as engineer for 
the construction of the Stockton and Darlington 
Railway (authorised in 1821) and Stephenson 
influenced the company to use the gauge to which 
he was accustomed and to seek Parliamentary 
sanction for the use of steam locomotives. In 1824, he 
was instrumental in founding the firm of locomotive 
engineers which still bears his son’s name and which 
immediately began to build engines of the Stephen- 
son gauge. Whether the establishment of this 
works had any bearing on the subsequent history 
of the gauge question is not clear, but the fact that 
it may have been a determining factor in influencing 
Stephenson in favour of the 4 ft. 84 in. gauge, when 
he was planning the Liverpool and Manchester and 
other railways, cannot be overlooked, particularly 
as later most other locomotive engineers pronounced 
that gauge as too restrictive for an ideal locomotive. 
Stephenson’s views concerning railways were by no 
means the popular views, and the Liverpool and 
Manchester Railway Company, who in 1825 pro- 
posed a line between those cities, had a hard Parlia- 
mentary fight to obtain an Act. In the second, and 
successful, attempt, in 1826, Sir John Rennie 
replaced Stephenson as engineer, but, for some 
reason, after obtaining the Act, the company 
reappointed Stephenson in place of Rennie and the 
line was thus laid to the 4 ft. 8} in. gauge. Stephen- 
son had added } in. to the gauge as a result of his 
experiences with steam locomotives. Incidentally. 
Rennie has left it on record that, had he remained 
as engineer, he would have used the 5 ft. 6 in. 
gauge. 

The great success of Stephenson’s Rocket and of 
the Liverpool and Manchester Railway entirely 
altered the general conception of railways, and 
schemes were prepared for many long-distance 
lines. George Stephenson was selected as engineer 
for the Grand Junction Railway, and his son, 
Robert, for the London and Birmingham Railway. 
and hence both lines (both authorised in 1833) 
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adopted the 4 ft. 84 in. gauge. The 4 ft. 8} in. 
gauge clause was inserted in the London and 
Greenwich Railway Act, passed in the same session, 
and when Landmann, the engineer for that line, was 
asked, in 1845, the reason for this, he replied that 
apparently it had been done as a matter of routine 
and had been looked upon as one in which the 
company had no choice. The gauge of the Green- 
wich line ruled that of the London and Croydon 
Railway (1835), which branched off the Greenwich 
line, and also fixed the gauge of the South Eastern 
(the London and Dover line) and the London and 
Brighton Railway, authorised in 1836 and 1837, 
respectively, as, geographically, both were extensions 
of the Croydon line. 

Reverting to chronological order, the next trunk 
line to be authorised was the London and Southamp- 
ton (afterwards the London and South Western), 
which adopted the 4 ft. 8} in. gauge although no 
gauge clause appeared in its 1834 Act. Meanwhile, 
|. K. Brunel, the engineer of the Great Western 
Railway, with his vivid imagination and original 
turn of mind, had been struck by the possibilities 
of the comparatively straight and level course 
proposed and, although it is said that the 1834 Bill 
contained the 4 ft. 8$ in. gauge clause (unfortun- 
ately, no copy of the Bill seems to exist), Brunel, 
quoting the London and Southampton line as a 
precedent, persuaded the chairman of the Parlia- 
mentary Committee dealing with the Great Western 
1835 Bill to permit the omission from the Bill of a 
gauge clause. After the Bill was passed, Brunel 
successfully recommended to the Great Western 
Railway Board to adopt a gauge of 7 ft. 

The other trunk line of this period was the 
Eastern Counties Railway (London to Norwich), 
authorised in 1836, and Braithwaite, its engineer, 
stated in evidence in 1845 that he influenced the 
directors to adopt the 5 ft. gauge because he con- 
sidered it the most suitable for locomotive efficiency. 
The Northern and Eastern and the London and 
Blackwall Companies also adopted the 5 ft. gauge, 
as there was a prospect of their lines being linked 
with the Eastern Counties line. 

By the end of the 1837 session, when the founda- 
tion of the English railway system had been laid, 
there were thus three groups: the line between 
London and the North and the small networks in 
the North and Midlands, and the lines from London 
to the South comprised the 4-ft. 8}-in. group; the 
lines in East Aaglia were 5 ft. gauge; and the 
Great Western and associated companies were 7 ft. 
gauge lines. A month after the Great Western 
line had opened its first section (to Maidenhead in 
1838), there were complaints respecting ‘‘ uneasy 
movements’ in the running of trains and the 
feeling of some directors was so strong that John 
Hawkshaw (afterwards knighted, but then com- 
paratively young and unknown) was appointed to 
report on the Great Western permanent way. 
Hawkshaw condemned Brunel’s methods and, 
realising that isolation would eventually kill the 
broad gauge, recommended that the 22} miles opened 
should be converted to 4 ft. 84 in. gauge and that 
gauge used for the remainder of the line. Brunel’s 
reply was characteristic: while his genius recog- 
nised the advantages of the broad gauge, he entirely 
overlooked that through working from one line to 
another would be essential, and he ridiculed the 
idea of vehicles running on to another company’s 
line. Unfortunately, the Great Western board 
looked upon Hawkshaw’s remarks as presumptious 
(though history proved him right), and they carried 
the shareholders with them in adhering to the 
broad gauge. 

There was little railway promotion during the 
years 1837 to 1843, and the gauge question next 
came under notice in connection with Irish railways 
in 1843. The Board of Trade circularised most of 
the locomotive engineers attached to English rail- 
ways, except Brunel, who “was considered so 
entirely pledged to the 7-ft. gauge that he could 
never alter his opinion.” All except the Stephensons 
replied that they considered something between 
5 ft. and 6 ft. to be the ideal gauge, and the Irish 
gauge was fixed at 5ft.3in. The first meeting of the 
gauges in practical work occurred at Gloucester in 
1844, when the Bristol and Gloucester line was 
opened (the Birmingham and Gloucester had been 





opened previously) and the delay and damage to 
goods through transhipment became apparent. In 
1845, when the Oxford, Worcester and Wolver- 
hampton Railway proposed a broad-gauge line 
between those points, the London and Birmingham 
Railway supported a 4 ft. 8} in. gauge competitive 
scheme. Although Dalhousie’s board, then report- 
ing to Parliament upon railway schemes, deplored 
the lack of uniformity and pronounced in favour of 
the narrow-gauge scheme—not because of any 
intrinsic advantage or disability in either, but 
because they considered the inevitable break of 
gauge was preferable at Oxford rather than at Wolver- 
hampton—Parliament, after an exhaustive inquiry 
in which 102 witnesses answered 12,148 questions, 
approved the broad-gauge scheme, subject, however, 
to narrow-gauge rails being laid over a considerable 
part of the route. Before this, however, a significant 
change had occurred in the autumn of 1844, for, 
after a number of 4 ft. 84 in. railways had been 
sanctioned in East Anglia, the Eastern Counties, 
which had taken over the Northern and Eastern, 
converted their 85 miles of track from 5 ft. to 
4 ft. 84 in. gauge. 

On June 25, 1845, Richard Cobden, who had 
unsuccessfully endeavoured to postpone a decision 
on the Oxford, Worcester and Wolverhampton 
scheme until the gauge question had been inquired 
into, moved a resolution in the House that a Royal 
Commission should be set up to investigate the 
whole subject ; Parliament agreed, and the three 
Commissioners were appointed on July 9. The 
Commissioners commenced their inquiry on August 6, 
and continued until the end of the year. In addi- 
tion to taking evidence from most of the leading 
railwaymen, they conducted experiments between 
the running of broad- and narrow-gauge trains and 
also examined the transhipment arrangements at 
Gloucester. Probably the most striking information 
disclosed by the evidence was Robert Stephenson’s 
answer to the question ‘‘ Was the 4 ft. 8} in. gauge 
proposed by George Stephenson ’—‘‘ No, it was 
not proposed by my father; it was the original 
gauge of the railways about Newcastle-on-Tyne, 
and therefore he adopted it” ; Brunel’s explanation 
that he adopted the 4 ft. 8} in. for the Taff Vale 
Railway because of the curves, but that that would 
not influence him then (i.e., in 1845); and the 
absence of what was really the most important 
aspect of the whole question, namely, the loading 
gauge. 

The Commission’s report was issued in February; 
1846. After emphasising that they were satisfied 
that one uniform gauge was desirable and that no 
satisfactory means of transferring vehicles or vehicle 
bodies from one gauge to another existed, they 
recommended that all unfinished and future railways 
in Great Britain should be 4 ft. 84 in. gauge lines, 
that no alteration in gauge should be permitted 
without Parliamentary authority, and that “‘ some 
equitable means of producing uniformity of gauge 
should be found.” Considering that, at that time, 
1,901 miles of narrow-gauge line were operating 
satisfactorily, while the broad-gauge mileage was 

74, and that the grand total, including lines 
sanctioned in 1845, was 4,131 narrow, and 777 
broad, gauge, it is difficult to see how the Com- 
missioners could have arrived at any other con- 
clusion. The Board of Trade took several months 
to consider the report (it will be remembered the 
Railway Mania reached its height in 1846), and 
their Minute, issued in June, 1846, while agreeing 
with the recommendation that 4 ft. 8} in. should be 
the standard gauge, added that they were unable 
to suggest “‘any equitable or practical means of 
obtaining uniformity of gauge,” and they thus 
proposed that the existing broad-gauge lines and 
lines in connection therewith should remain 7 ft. 
gauge. A Bill embodying the Board of Trade’s 
recommendations was introduced by the Govern- 
ment but, as already remarked, a clause was 
inserted leaving Parliament to sanction any other 
gauge in any particular Railway Act. This Bill 
passed both Houses and received the Royal Assent 
on August 18, 1846. 

The so-called Battle of the Gauges was really 
won before it commenced, as the amount of 4 ft. 84 in. 
line sanctioned before the Great Western Railway 
Act was such that only if the broad gauge showed 





such marked superiority as to render conversion 
of the narrow gauge an economical proposition 
was it likely to become the standard gauge. This 
superiority, of course, the broad gauge did not 

The Commission’s inquiry, however, 
achieved the desired result, as it focused attention 
on the question and showed that uniformity was 
the ideal. Although permission was given in 1848 
for the Birmingham and Oxford Railway (sanc- 
tioned in 1846) to be a broad-gauge line, Parliament 
was very careful about sanctioning lines on any 
but the 4 ft. 84 in. gauge, and, when the Great 
Western absorbed the Shrewsbury and Chester in 
1854, the amalgamation Act expressly forbade the 
laying of broad-gauge lines north of Wolverhampton. 
In 1861, the Great Western laid narrow-gauge rails 
from Oxford to Paddington to accommodate 
trains from Chester, and the inevitable conversion 
from broad to narrow gauge commenced after the 
Royal Commission on Railways reported, in 1865, 
that ‘‘ the continued existence of double gauge is a 
national evil.”” The final conversion took place in 
1892. 

The handicaps of English railways are the narrow 
track and small loading gauges. Stephenson was 
far-seeing in realising the importance of the steam 
locomotive and of a uniform gauge, but the railway 
system has suffered from his lack of vision in not 
recognising that the gauge of colliery lines was 
likely to be too restricted for a nation-wide railway 
system. History has shown it to be a matter for 
regret that Stephenson did not specialise in loco- 
motives and leave the civil engineering to trained 
engineers, or, alternatively, that Stephenson, Brunel 
and Rennie, instead of pushing their ideas without 
regard to each other, did not together discuss the 
gauge question in the early days, when uniformity 
was possible without undue conversion. The 
actual incident which seems to have decided the 
gauge of the English system was when, for reasons 
not connected with the gauge question, the Liverpool 
and Manchester Railway Company, after appointing 
Rennie as engineer to get their Bill through Parlia- 
ment, changed back to Stephenson as engineer 
for the construction. 





ANNUALS AND REFERENCE BOOKS. 


Lloyd’s Register of Shipping, 1946-47.—It was Byron, 
we believe, who complained about people who treat 
books as snobs do the members of the Peerage—‘“‘ learn 
their titles and then claim their acquaintance.” Lloyd’s 
Register is probably as widely known by name as any 
organisation or work of reference throughout the 
world, but only those whose acquaintance with the 
Register Book is really intimate can realise how grati- 
fying it is to be able to consult it freely again, after 
six years of war-time restriction, of a severity applied 
only to documents of the highest importance. When, 
in June, the chairman of the General Committee of 
Lloyd’s Register, Mr. Ernest L. Jacobs, gave the 
members a resumé of the Society’s war-time activities, 
he explained that ‘‘ At the outbreak of war, our main 
Register Book was declared a “* Secret’ document. 
Its circulation was considerably curtailed for security 
reasons, and it is a matter of regret that many of 
our old subscribers were deprived of their shipping 
‘ Bible ’"—a position we have now, happily, been able 
very largely to remedy. The issue of Vol. III (the 
Appendix) was forbidden. I hope, however, it will be 
published next year.” Meanwhile, the lists of changes 
of ship’s names and the index to vessels with compound 
names have been included in the main volume, now 
obtainable from the Society’s office, 71, Fenchurch- 
street, London, E.C.3, at the price of 12 guineas to 
public institutions and 7 guineas to other subscribers, 
including marine insurance companies. For an extra 
charge, subscribers may have their copies periodically 
‘* posted ” with additions and corrections. 





GOVERNMENT SURPLUS MACHINE Tooris.—An “on 
the site ” sale of 400 machine tools is to be opened by 
the Ministry of Supply at Desford Airfield, near Leicester, 
on Wednesday, August 28. The sale will be from 10 a.m. 
each day until September 3, and will include capstan 
and turret lathes, milling machines, grinding machines, 
drilling machines and miscellaneous types of machine 
tools. Any machines not disposed of during the sale 
will be on view at the airfield from September 4 to 
September 10, between 10 a.m. and 4 p.m. each day, 
excluding Saturday and Sunday, for competitive ten- 
dering. 
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THE DE HAVILLAND “* DOVE’? 
TRANSPORT AIRCRAFT. 


Tre de Havilland Dove, which is illustrated in 
Figs. 1 to 4, on page 156, and Figs. 5 to 7, herewith, is 
a light transport aircraft designed to provide standards 
of performance and passenger comfort on the smaller 
tributary air services which shall be comparable with 
that on the larger service that they feed. It comes 
into the smallest category of the series of types laid 
down for scheduled air-line use, and is not too large 
to be suitable for private ownership, charter work, or 
the domestic communication services of commercial 
or industrial firms—for example, oil or mining com- 
panies—requiring rapid transport between widely 
separated properties. Of the illustrations mentioned, 
Fig. 1, on page 156, shows the machine in flight and 
Fig. 2, on the ground ; Figs 3 and 4, on the same page, 
show details of its construction ; Fig. 5, on this page, 
is a view of the pilot’s cockpit, with the second-pilot’s 
control removed to show the‘right-hand half of the 
instrument board; and Figs. 6 and 7, herewith, are 
outline diagrams showing the general arrangement 
and proportions of the machine. 

The Dove has been developed jointly by the three 
principal divisions of the de Havilland Aircraft Com- 
pany, the design and construction of the airframe being 
the work of the aircraft division, the Gipsy Queen 
engines, products of the engine division, and the feather- 
ing and braking Hydromatic propellers, of the propeller 
division. The machine is a low-wing monoplane with 
an all-metal frame, and has been designed with special 
regard to operational economy ; on services carrying 
from eight to 11 passengers and requiring about 800 to 
1,000 hours of duty in the year, loaded to at least 
half capacity, the makers consider that “the Dove 
should be the most economical aircraft available for 
some years to come.” The span is 57 ft., the overall 
length 39 ft. 4 in., and the height to the top of the 
rudder is 13 ft. The main wheels of the undercarriage 
are mounted under the engine nacelles, giving them a 
track of 13 ft. 9 in., and, the propellers being only 
7 ft. 5 in. in diameter, the nosewheel does not zequire 
to be fitted with a long leg ; the height from the ground 
to the cabin floor, with the floor level, is only 2 ft. 3 in., 
which makes for ease in loading and discharging. The 
all-up weight with the standard eight-passenger equip- 
ment, a crew of two, fuel and oil for 500 miles and a 
payload of passengers or freight amounting to 1,868 Ib., 
is 8,500 1b. Theinterior arrangements can be modified 
to increase the seating accommodation to 11, for short 
flights. 

The structural details of the machine have been 
designed with particular regard to ease of maintenance. 
All parts which need periodical checking can be readily 
removed for that purpose and replaced by spares, so 
that the aircraft is not immobilised, with consequert 
loss of revenue. The cockpit is built as a complete 
unit and is riveted to the main cabin structure, which | 
consists of four parts—roof, base, and sides. Two more 
units form the rear fuselage, which is similarly riveted | 

to the cabin and tapers aft to a detachable tail-core, 
held in place by four toggle fasteners and easily removed 
to give access to the tail-unit controls. The tail plane 
is a single unit, attached to the fuselage by four bolts, 
and another four bolts secure the fin. The rudder and 
elevators can be removed without disturbing the con- 
trol or trim cables (which can be inspected and adjusted 
through the doors in the underside of the fuselage) and 
hinged leading-edges to the wings (see Fig. 4, on page 
156) provide ready access to the engine control cables, 
etc. A hinged nose-panel, shown in Fig. 3, on the 
same page, covers the air bottles, adjusting valves, and 
charging connections. Each wing is detachable at the 
side of the fuselage, to facilitate repair of the wing root 
in the event of a bad landing ; two bolts secure the spar 
and a third the false rear spar. The aileron controls 
are jointed inside the wheel wells, and pipe joints are 
provided at the wing root for disconnecting the pneu- 
matic services operating the flaps and the under- 
carriage. Each passenger chair is secured by one bolt 
only to a fitting on the side of the fuselage. The wing 
tips are removable with the navigation lights; and 
the leading edges outboard of the motors are detach- 
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loaded through a door on the port side. Two escape 








able, whether de-icing equipment is fitted or not. 

As stated, the airframe is of all-metal construction. 
The stress-bearing skins are made of artificially-ageing 
aluminium-alloy sheet, the resistance of which to 
buckling is increased by panel stiffeners, cemented in 
place by a plastic bond made by a combination of heat 
and pressure—the Redux process developed by Dr. de 
Bruyne, of Messrs. Aero Research, Limited, in conjunc- 


hatches are provided in the main cabin. The floor is 
carried on the segmental keel frames, which are slotted 
to accommodate the controls, piping, and electrica’ 
leads. The centre section wing spar, which is built 
into the keel assembly, is constructed of booms 
machined from extruded aluminium-alloy girders, 
bushed with steel to take the wing attachment pins. 

In addition to the controls, instrument panel, radio 


tion with the de Havilland Company. The three main|equivment and the housing of the retractable nose 
units of the fuselage are riveted together and bulkheads | wheel of the tricycle undercarriage, the fuselage nose 
are provided between the cockpit and the cabin, and| contains a luggage locker, previously mentioned, 
between the cabin unit and the rear fuselage. The/| batteries, a pneumatic service panel, the electrical 
main entry door is on the port side and immediately | master junction box, the windscreen de-icing tank, 
forward and aft of it are removable bulkheads, between | and the automatic de-icing controls. The cockpit. 
which is the toilet compartment. There is a large | floor above the luggage locker is supported on beams 
luggage locker abaft this compartment and another | of pressed aluminium-alloy sheet, on which are mounted 








below the floor of the cockpit; the latter locker is | the flying and engine controls. 


The instrument panel 











is approximately midway between the forward cabin 
bulkhead and the nose of the machine. Forward of 
the panel, most of the space is occupied by radio 
equipment, access to which is provided by a door in the 
top decking. The rear panel of the decking is built 
as a unit with the canopy frame, constructed of mag- 
nesium alloy. The windscreens consist of two flat 
sheets of glass, laminated and toughened to resist the 
impact of birds in flight and arranged in a V in plan. 
At the corners are two windows which can be opened, 
and the rest of the canopy consists of a one-piece 
Perspex moulding. Cemented to this moulding are 
a “blister” and a horn of moulded Perspex, housing 
the direction-finding loop aerial and a fixed aerial, 
respectively. 

The front spar of the tailplane is attached to the 
rear fuselage by two fittings near the mid-depth of the 
rear bulkhead, and the rear tail-spar is attached by 
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two bracing tubes to the bottom of the bulkhead. The 
dorsal fin is a unit of formed aluminium-alloy sheet, 
with ribs, and the tail bumper is a pressing of aluminium 
alloy, riveted to the bottom skin of the rear fuselage. 
The main wings form a stressed-skin structure built 
round the I-section boom. The skins and stiffeners are 
of aluminium-alloy sheet, bonded together by the Redux 

rocess. Riveting is used to join the main seams 
between skin panels and also to connect the spars and 
ribs to the skins. The false spars and most of the ribs 
are pressed from aluminium-alloy sheet. The front 
secondary spar is set back, between the root of the 
wing and the power unit, to allow sufficient space in a 
false leading edge (shown in Fig. 4, on page 156) for 
engine controls and services, but the rear secondary 
spar runs straight from root to tip; it carries the 
hinges of the flaps and ailerons. The top and bottom 
skins project behind the rear secondary spar and form 
shrouds for the flaps and ailerons. There are two fuel- 
tank bays in each wing, in spaces bounded by the wing 
roots, power-unit ribs, and the spars; and an auto- 
matic fire-extinguisher bottle is carried in a container 
built into the wing behind the power unit. Where 
necessary (for example, at control bracket positions) 
quick-access service doors are provided in the wing 
skins. The ailerons and flaps have frames of alumi- 
nium-alloy sheet, but they are covered with fabric. 
The skins of the rear fin and rudder are of formed 
aluminium-alloy sheet with vertical stiffeners, some of 
which are spot-welded in position and others bonded 
by the Redux method. The leading edge of the fin is 
a shaped channel containing the de-icing distributor. 
The rudder is covered with fabric, but the tailplane is 
all-metal; the construction of the elevators is similar 
to that of the rudder. 

The nosewheel of the tricycle-type undercarriage is 
fully castoring, and is fitted with a Dunlop anti- 
shimmy tyre with a twin tread. The nose leg is a 
Lockheed air/oil strut, and the wheel fork is a casting 
of aluminium alloy ; the inner-leg casing is an alumi- 
nium-alloy forging carrying a spring-loaded self-cen- 
tring device, and works inside an outer casing of cast 
magnesium alloy on which is mounted the jack attach- 
ment. The main legs of the undercarriage, which 
retract sideways, are fitted with Dunlop tyres, wheels 
and brakes. The shock absorbers are of rubber in 
compression. These main-wheel units are interchange- 
able and incorporate a number of components which 
are identical with those used for the nose-wheel assem- 
bly. Electrical indicators are provided on the instru- 
ment panel, and there are also mechanical down-lock 
indicators. The main retraction pivots are integral 
with the forged aluminium-alloy outer casing and form 
journals for needle-roller bearings. The plunger tube 
is of high-tensile steel, hard-chromed to give a high 
resistance to wear. Compressed air is supplied by a 
Heywood compressor on each engine, delivered to the 
two independent reservoirs through relief valves, 
methynol bottles, oil and water traps, and regulators. 
The air is delivered by the compressors at a pressure 
of 600 lb. per square inch, which is reduced to 450 Ib. 
per square inch for operating the undercarriage and 
to 220 Ib. per square inch for the brakes. 

The power units are two de Havilland Gipsy Queen 71 
air-cooled, direct-injection, six-cylinder engines, super- 
charged, and driving, through gearing, de Havilland 
constant-speed, feathering and braking propellers. 
Each unit, consisting of the engine, propeller, mounting 
frames, fire walls, oil tank and cooler, and all accessories 
connected up to the fire walls, is quickly removable, 
being attached to the wing by only four bolts. To install 
it, all that is required is to insert the four bolts and to 
couple up the service connections at the fire walls. 
The two units are both of the same hand and are 
freely interchangeable. The air intake is in the false 
leading edge of the wing, to the left of each engine, 
and the engine control connections also are in the false 
leading edge. The supports are two welded tubular 
steel frames, the rear ends of which carry the attach- 
ments to the wing, and rubber-bonded vibration dam- 
are fitted. The take-off output is 330 brake 

orse-power per engine at sea level, rising to 334 brake 
horse-power at 4,000 ft.; but for continuous cruising, 
with the maximum period between overhauls, it is 
recommended that the output should be maintained at 
150 brake horse-power at sea level, rising to 170 brake 
horse-power at 12,000 ft. This power range corresponds 
to a cruising speed of 160 miles an hour at 5,000 ft. 
The maximum level speed is 218 m.p.h. at 7,500 ft. 
The rate of climb at sea level is 850 ft. per minute, 
and the service ceiling is 21,500 ft. The time taken 
to climb to 5,000 ft., using normal climb power, is 
5-8 minutes, and to 10,000 ft., 11-7 minutes, At 
take-off, a height of 50 ft. is reached in 500 yards, on a 
grass surface at sea level, and in 700 yards at an altitude 
of 6,000 ft. 

The Dove has also a considerable performance range 
on only one engine ; for instance, using normal climb 
ene g on the operative engine, the other propeller 

sing feathered, the machine has a rate of climb of 
120 ft. per minute and an absolute ceiling of 7,000 ft. 





Should one engine fail in taking-off, when commencing 
to climb, a height of 50 ft. can be attained in a little 
more than 1,200 yards. An engine can be removed, 
complete with its oil tank and oil cooler, and replaced 
by another in less than two hours ; this is stated to be 
the time required “ in the field,” so that, with an engine 
in reserve, a high degree of availability can be achieved. 
The makers point out, in this connection, that the 
forward luggage compartment is spacious enough to 
accommodate a spare power unit, with its propeller 
dismounted. The maintenance of a regular service 
is further assured by the arrangements desighed to 
avoid any shortcomings in the fuel supply. Two 
fuel filters are fitted, with cross-connections so that the 
two pairs of tanks feed their respective engines, or 
either engine can be cross-fed from either pair of tanks. 
Thus all the available fuel can be used under any 
condition. The air intake is fitted with a sand excluder, 
which can be brought into use or cut out by means of a 
lever on the engine control box, and another lever 
operates the variable cooling. A slow-running cut-out 
control is fitted to the rear wall of the cockpit. For 
easy starting under conditions of extreme cold, there 
is an oil-dilution system which can be operated by a 
push-button in the cockpit. 

The engines are started by a 24-volt motor and an 
impulse magneto, current for which may be supplied 
either from an outside source through a socket on the 
nose of the fuselage or from the two 12-volt accumu- 
lators, which are mounted in the nose on slides for easy 
removal. Two 24-volt, 750-watt electric generators 
are fitted, driven from the engines. The two accumu- 
lators are large enough to supply current for all the 
electrical services, including the blind-flying instru- 
ments and the radio equipment. A master switch for 
all the electrical apparatus is fitted in the cockpit. 
The compressed-air supply for the pneumatic equip- 
ment is provided, as previously mentioned, by air 
bottles stowed in the fuselage nose. 





REMOTE CONTROL BY HIGH- 
FREQUENCY CURRENTS. 


THE system of remote switching contro) without 
switch wires, which has been developed by the 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, makes use of canting 
currents with frequencies between 300 and 800 cycles 
per second. These currents are injected into the 
supply mains, and are used to operate relays which, 
in turn, control such equipment as street lamps and 
water heaters. As operation depends only upon the 
superimposed frequencies, the system can be used on 
both alternating-current and direct-current networks, 
and in the former case injection can also take place 
on either the high-tension or the low-tension side of 
the substation. 

When the low-tension side of the network is con- 
trolled, a single-phase current of the appropriate 
high frequency is injected between the star point of 
the 50-cycle power transformer and the neutral] wire. 
A signal voltage, therefore, only exists between the 
phase wires and neutral and not between the phase 
wires themselves. As the primary windings of power 
transformers are usually connected in mesh, this 
single-phase signal is not fed back into the high-tension 
supply; and, as no signal voltage exists between 
phases, heavy industrial loads and power-factor correct- 
ing condensers can be neglected when assessing the 
load on the signal amplifiers. Moreover, leakage 
earths on the neutral do not affect the distribution 
of the signal voltages. The signal is generated by a 
valve oscillator and amplifiers, which are arranged so 
that a current of the desired frequency is transmitted 
when the appropriate push button is pressed. The 
period during which the signal is transmitted is con- 
trolled and is somewhat longer than the time required 
to operate the receiving relays under the worst con- 
ditions. At the end of this period, the mains supply 
to the equipment is automatically disconnected and the 
valves are switched off. 

Where injection takes place on the high-tension 
side of the system, the signal current is three-phase 
and is injected into the power network by a three-phase 
transformer. Each of the windings on this transformer 
is connected in series with a phase wire of the outgoing 
high-tension feeder. As the signal currents are also 
three-phase, they will pass through any of the power 
transformers on the system and will produce a phase- 
to-neutral signal inthe low-tension net work; in an 
alternative method, a single-phase voltage is applied 
to each phase wire in succession. This has the advan- 
tages that only single-phase generators are required 
and that the amplifiers can be made smaller. Parallel 
injection may be more economical than the more usual 
series injection system when there are a large number 
of, outgoing high-tension feeders. In this system the 
signal is injected through a 50-cycle filter circuit which 
is connected across the main “bus bars, and signal 
frequency chokes are placed between the points of 





injection and of supply, in order to prevent a heavy 
drain of signal current back into the 50-cycle generators 
or into another network. 

In many major substations, the high-tension ’bus- 
bars are sectionalised, which are coupled through 
reactors. As the losses which would occur in trans- 
mitting currents of audio frequencies through these 
reactors would be very high, the size of the signal 
generators would have to be increased if injection 
were made at only one point. In such cases, separate 
amplifiers are used in each section of the "bus-bars, 
and the same system is also employed when large 
networks are signalled. This arrangement, it is claimed, 
has the advantages of reducing the cost of the generator 
equipment and of giving a better distribution of the 
ripple voltage over the area. 

The apparatus used at the receiving end on this 
system of ripple control consists essentially of a relay, 
which may be of the high-frequency current or the 
direct-acting type. The former consists of a non- 
magnetic baseplate on which the permanent magnetic 
iron circuit and ripple receiving coil are mounted, to- 
gether with two tuned reeds, a ratchet mechanism, and 
the switching contacts. The permanent magnet pro- 
vides a polarising field in which the free ends of the 
tuned reeds are located. When a ripple current of pre- 
determined frequency flows in the receiving coil of the 
relay, a corresponding alternating-current field is super- 
imposed on the polarising field and the tuned reed 
vibrates owing to the occurrence of mechanical reson- 
ance. In practice, a relay is fitted at each control point, 
and two reeds are provided, one of which switches the 
appliance on and the other switches it off. These 
reeds are designed to vibrate at slightly different 
frequencies, say, 395 cycles and 427 cycles, per second, 
and a number of different operations can be performed 
by using similarly spaced pairs of frequencies in the 
300 to 500-cycle band. The movements of the reeds are 
transmitted through an arrangement of hammers and 
ratchets to a toothed wheel; and the latter is con- 
nected through reduction gearing to a cam, which 
controls the opening or closing of the switch contacts. 
Normally, the end of the hammer is held just clear of 
the appropriate reed, so that the amplitude of the 
latter can build up to a certain value before the former 
is struck and the toothed wheel moved. This arrange- 
ment, it is claimed, ensures that troubles due to the 
creepage of the relay owing to transient surges on the 
lines are practically eliminated. When the frequency 
which corresponds to the “on” signal is being trans- 
mitted, the tuned reed continues to vibrate as long as 
the ripple is present, but when the relay contacts 
have been closed a cam lifts the ratchet out of engage- 
ment with the toothed wheel. Transmission of the 
“off” signal operates the second reed, so that its 
hammer and ratchet again rotate the ratchet wheel 
and cause the cam to open the contacts. 

It is claimed that the amount of energy required to 
operate the relay is small and that the use of an 
electrical tuning circuit in association with the receiving 
coil and the mechanical tuning of the reed enables a 
very sharp frequency response curve to be obtained. 
Good frequency discrimination is therefore ensured. 
Should a parasitic disturbance be large and long 
enough, and at the same time of the correct frequency 
to actuate the reeds, the switching contacts will not 
close or open unless the movement of the ratchet wheel 
is considerable. Such an event is only likely to occur 
very rarely and arrangements may be made to 
neutralise it in places which are known to suffer from 
frequent disturbances of this type. It may be noted 
that, provided the current is applied for long enough 
to operate the switch, the actual length of the period 
during which the signal is transmitted does not matter. 
The direct-acting relay is used when it is necessary 
that the consequent signal should persist for as long 
as the calling circuit is closed. It consists of a Post 
Office telephone-type relay and a tuning circuit so that 
it only responds to a single frequency. 

In a demonstration of this system which is being 
given at Magnet House, the installation included a six- 
frequency master unit, which consisted of a push- 
button set and oscillator; two 150-watt amplifiers and 
injection transformers; and various types of ripple 
relays suitable for use on the six frequencies. The dis- 
play was arranged to simulate the conditions in a small 
power distribution area fed by a power feeder and the 
relays were arranged to operate lamps. The output 
from the master unit could also be transmitted to an 
amplifier in the Magnet House substation, so that signals 
could be radiated over the 50-cycle mains network and 
picked up in any office in the building by means of a 
portable relay. This relay receives a ripple signal of a 
few milliwatts without being affected by the connection 
in parallel with it of an appliance, such as an electric 
fire, consuming more than 1,000 watts. This is due to 
the fact that coils and machines connected to the mains 
have a much higher impedance at ripple frequencies 
than at 50 cycles, while at the same frequencies the 
capacities of cables and power factor correcting con- 
densers are reduced. 
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EXTENSION TO THE PORTOBELLO 
GENERATING STATION OF THE 
EDINBURGH CORPORATION. 


Tue Portobello generating station of the Edinburgh 
Corporation was opened in 1923 with an installed 
capacity of 37,500 kW. It was later extended to its 
present capacity of 146,500 kW, and plans have now 
been prepared to raise this further by the erection of 
two 60,000 kW sets. 

In selecting the steam conditions for this extension, 
plant availability was given the first place, in preference 
to thermal efficiency. The unit arrangement with 
pulverised-fuel firing was chosen, since experience has 
shown that boilers and turbines have about equal 
availability. Experience also indicates that there is 
no inherent disadvantage in very high pressures, 
though the inlet steam temperature gives rise to 
problems. On the other hand, the use of reheating 
could not be justified, partly owing to its cost and 
complications, but particularly owing to the difficulties 
which might have arisen when the plant was operating 
in parallel with hydro-electric stations and isolated 
from the grid. Though the employment of a pressuxe 
of 900 lb. per square inch and a temperature of 9(0 
deg. F. were considered absolutely safe with preserit 
technique, it was also felt that recent progress, both 
in this country and in the United States, justified the 
use of a pressure of 1,350 Ib. per square inch at the 
turbine throttle and a total temperature of 950 deg. F. 
The feed-heating temperature at maximum rating was 
fixed at 450 deg. F., and the vacuum at the highest 
consistently possible figure of 29-1 in. By using a 
pressure of 1,350 Ib. instead of 900 Ib., it was con- 
sidered the fuel rate would be improved by from 4 per 
cent. to 5 per cent. 

A pressure of 1,350 lb. per square inch and a tem- 
perature of 950 deg. were therefore selected. At the 
same time, availability is to be ensured by the removal 
of some of the high-pressure blading, thus allowing a 
greater volume of steam to be passed. It will, therefore, 
be possible for the full output of the set to be obtained 
at a pressure of 900 Ib. per square inch and a tempera- 
ture of 900 deg. F. with substantially reduced feed- 
water heating. It will be more difficult to make 
temporary alterations to the boilers to comply with 
this change in steam conditions. It is hoped, how- 
ever, that a solution to this problem will be found. 
This provision for reduced-pressure operation has been 
made owing to the plant situation in the country, which 
renders it desirable that there should be no restriction 
in output on account of the initial troubles with the 
higher steam conditions. 

In selecting the type of generating set to use with 
the high-pressure boilers, consideration was first given 
to steeple compound machines, consisting of two 
standard 30,000-kW turbines mounted one on top of 
the other and running at 3,000 r.p.m. Further investi- 
gation, however, showed that a cross-compound 
machine with similar cylinders could be easily accom- 
modated in the space available. The new machine 
will be 45 ft. long overall and will be placed across the 
turbine room. The last few stages of the low-pressure 
end will be quadruple flow into a single condenser 
shell, one half of which can be cleaned when on full 
load with a slight reduction in vacuum. It will be 
possible to instal these machines in the existing turbine 
room without alteration. 

The installation of appropriate capacity steam-raising 
plant was a more difficult problem. The Portobello 
boiler house is 440 ft. long by 90 ft., and could, it was 
estimated, accommodate eight 540,000-Ib. boilers, or 
sufficient to supply 480,000 kW of plant. The main 
chimney flue and 360-ft. chimney would also have 
been adequate, though the draught losses at maximum 
rating would perhaps have been rather high. The 
plan finally adopted, however, provides for six boilers, 
the installation of which will necessitate considerable 
alterations to the boiler house and foundations. 

The consulting engineers to the Edinburgh Corpora- 
tion are Messrs. Kennedy and Donkin, London, S8.W.1, 
and the engineer and manager of the Electricity 
Department is Mr. J. F. Field. 





PRICE INCREASES FOR IRON AND STEEL.—The Minister 
of Supply has issued the Control of Iron and Steel (No. 52) 
Order, 1946 (S.R. and O. No. 1359, price 2d.), and the 
Control of Bolts, Nuts, Etc., Order (S.R. and O. No. 1358, 
price 1d.), both of which came into operation on August 
14. These Orders provide for higher maximum prices, 
which, it is pointed out, are necessitated by increases in 
railway rates, coke prices, wages and other costs. The 
maximum prices of the main qualities of pig iron are 
increased by from 4s. 6d. to 6s. 6d. a ton, and of heavy 
steel by 5s.aton. Prices of more finished products have 
also been increased where considered ry. The 
Orders free wrought iron in any form and cemented- 





LABOUR NOTES. 


An arbitration award issued in January that put an 
end to a three months’ dispute in the Canadian auto- 
mobile industry at Windsor, Ontario, laid down an 
important new principle of union security, namely, the 
compulsory deduction by the employer of union dues 
from the wages of all employees covered by a collective 
agreement, whether or not they are members of the 
union. The award, the Journal of the International 
Labour Office at Montreal states, was given by a judge 
of the Supreme Court of Canada, the union affected 
having previously agreed to arbitration on points 
still at issue. He based his decision on the ground 
that it is equitable “that all employees should be 
required to shoulder their portion of the expense of 
administering the law of their employment—the union 
contract ; that they must take the burden along with 
the benefit.” On the other hand, he refused to accede 
to the union’s request for a “union shop” clause 
under which employees are obliged, within a stated 
time after engagement, to join the union or be dismissed, 





The compulsion to deduct the union dues of all em- 
ployees, whether they are, or not, union members, is, 
in the award, made subject to certain conditions. 
These are (1) no strike may be called by the union 
unless previously authorised by a majority vote of all 
the employees, including non-members of the union ; 
(2) the union must repudiate any strike or other 
concerted stoppage of work by any group or number of 
employees which has not been called by the union, 
and declare that any picket line set up in connection 
therewith is unlawful and, therefore, not binding on 
members of the union ; (3) any employee who partici- 
pates in an unauthorised strike or other stoppage of 
work, not called by the union, is liable to a fine of 3 dols. 
per day for every day’s absence from work and to one 
year’s loss of seniority rights for every week he is 
unlawfully on strike; (4) the union itself is liable to 
the penalty of a suspension of the deduction of dues 
by the employer which may vary between one and six 
months, if it calls an unauthorised strike or fails to 
repudiate a strike which it has not called or to declare 
unlawful a picket line set up in connection with an 
unlawful strike. — 

In the Dominican Republic no trade union, or other 
workers’ organisation, may declare a strike, or suspend 
operations, for 30 days after a notice to strike has been 
given tothe employer. In this notice—which must also 
be given to the Secretariat of Labour and National 
Economy—the organisation must formulate the 
workers’ demands and give the reason which, in its 
opinion, justify the stoppage of work. In the course 
of the first half of the thirty-day waiting period em- 
ployers and employees must try all the legal conciliation 
methods available. If the dispute is not settled in 
that way, the parties must appoint arbitrators who, 
together with an arbitrator appointed by the Secretariat 
of Labour and National Economy, will give a definite 
decision on the matter within a maximum of 15 days. 
The decision is binding on both parties. Penalties are 
provided if a scrike or other stoppage of work occurs 
before the 30-day period has expired, or before con- 
ciliation or arbitration procedures have been exhausted. 





Among British undertakings which have recently 
decided to introduce the five-day week is the Renold 
and Coventry Chain Company. As from August 23, 
a five-day 43-hour week will be worked in its factories 
at Manchester and Coventry. The present working 
week is one of 47 hours. Messrs. Bellis and Morcom, 
Limited, Birmingham, have also decided to introduce 
the five-day week, coupled with a new output bonus. 
The motives actuating the decision to do so were not, 
Mr. E. L. Morcom, the managing director, told a staff 
meeting last week, wholly philanthropic; it was his 
belief and hope, he said, that improved working condi- 
tions brought about by the changes would result in 
greater efficiency of production. 





The preamble to the new French Act establishing 
the 40-hour week states that a return to the principle 
of overtime payment, starting from the 4lst hour, 
appears to be indispensable. ‘‘ This principle,” it is 
added, ‘‘ which appears in all modern social legislation, 
is not only just but conforms to good management 
practice in utilising the available plant facilities to the 
full, with a corresponding decrease in operating costs. 
Finally, it makes possible the direct linking of wage 
payments to increased production upon which the rais- 
ing of the workers’ standard of living depends.” 





Overtime up to 20 hours a week is accordingly per- 
mitted, but only on the authorisation of a labour 
inspector after consultation with the trade unions. 





carbide hard-metal tool tips from control. 


Hours worked over the regular 40 and up to 48 a week 


LL , 


are to be paid at a rate 20 per cent. higher than the 
normal rate, and those over 48 and up to 60 hours a 
week, at time and a half. These overtime rates are 
higher than those stipulated in certain collective 
agreements. 





Under a re-organisation agreement which comes into 
force this month between the Post Office Engineering 
Department and the Post Office Engineering Union. 
40,000 Post Office engineers will receive wage advances 
amounting to a total of 1,000,000/. a year. There wil] 
be a minimum increase of 5s. a week for all grades, 
and engineers absorbed into a newly-created grade 
known as “technician” will receive a minimum 
increase of 10s. 





A wages claim affecting about 50,000 textile finishing 
operatives in Yorkshire, Lancashire, Cheshire, Derby. 
shire, and parts of Scotland, was discussed at a meeting, 
in Manchester last week, of representatives of the 
Allied Association of Dyers, Bleachers, Printers and 
Finishers and representatives of the National Union 
of Dyers, Bleachers and Textile Workers. The applica. 
tion of the union was for an advance of 10 per cent. for 
all time workers with a minimum of 90s. a week, for 
adult males, and one of 60s. a week for female operatives, 
and an increase of 5 per cent. on basic piece rates. 
The employers’ representatives undertook to consider 
the claim and to communicate their decision to the 
union at a later date. 





The annual report of the executive council of the 
Transport and General Workers’ Union states that the 
membership of the organisation at the end of 1945 
was 1,019,069, compared with 694,474 at the end of 
1939. The total income in 1945 was 1,551,535J. 10s. 3d., 
of which 1,425,516. 6s. 10d. represented members’ 
contributions. Members serving with the Forces 
numbered 84,044, of whom 64,460 were excused contri- 
butions. During the year, 271,4151. 16s. 4d. was paid 
out to members in cash benefits, and the union’s Legal 
Service obtained 720,336]. 18s. for members in the 
shape of compensation and ‘other forms of legal 
recovery.” ter meeting all expenses during 1945, 
373,711. 7s. 8d. was added to the General Reserve. 
The financial position at the end of the year was: 
General Fund, 3,474,571/. 18s. 84d.; other funds, 
364,6611. Os. 94d. ; total, 3,839,232I. 19s. 6d. 





Mr. J. Gardner, general secretary of the National 
Union of Foundry Workers, expresses the opinion in 
his quarterly report that the situation points to a 
need for modernisation and reorganisation of the whole 
moulding industry. To avoid importing foreign opera- 
tives, he says, the unions have become parties to an 
up-grading agreement under which skilled labour will 
be admitted to simple machine moulding and experi- 
enced machine moulders to loose pattern moulding. 
The agreement, he adds, should extend the scope for 
a much needed increase in the intake of apprentice 
labour and is subject to review after twelve months. 





The Metal and Engineering Section of the Transport 
and General Workers’ Union reports that the National 
Union of General and Municipal Workers and the 
Transport and General Workers’ Union met the Ship- 
building Employers’ Federation on July 23 to discuss 
a claim that the grade of plater’s helper should be 
designated semi-skilled, and that the rates for time- 
working platers should be 10s. a week above the 
national minimum rate paid to labourers. After a 
long discussion, it is stated, the employers’ representa- 
tives rejected the claim ; further steps are being taken 
by the unions. The same conference discussed a claim 
for an enhanced payment to craftsmen’s mates on the 
same basis as it is now paid to craftsmen. The em- 
ployers promised to examine the proposal and to 
communicate their decision at a later date. 





+ Nearly 2,000 maintenance men employed at the 
eleven works of the Gas Light and Coke Company, 
London, struck unofficially on Wednesday last week in 
support of a claim for wage increases and certain 
improvements in conditions. The unions concerned 
were the Amalgamated Engineers Union and the 
Confederation of Shipbuilding and Engineering Unions. 
and their original application was for a comprehensive 
agreement covering wages, apprenticeship schemes, and 
methods of avoiding disputes. The wage claim was 
for an increase of 5d. an hour for all maintenance men. 
The company offered 2d. an hour for skilled and semi- 
skilled men, but refused to negotiate on terms for 
labourers. At a mass meeting held on August 14 it 
was announced that, under an agreement concluded be- 
tween the employers and the unions, boilermakers and 
some members of the Amalgamated Engineers Union 
would receive an increase of 3d., and others 2d., an hour. 





The strikers agreed to resume work yesterday. 
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NON-METALLIC INCLUSIONS IN 
STEEL.* 


By Dr. J. R. Rarr, B.Sc., A.R.T.C., and H. W. Prnper, 
Assoc. Met., F.R.I.C. 


(Concluded from page 144.) 


Tue constitution of non-metallic inclusions was 
elucidated by the application of the available phase- 
diagram data, X-ray powder examination of mechani- 
cally-extracted inclusions, X-ray and chemical analyses 
of residues, and microscopic examination. Spectro- 
graphic methods were also used, but without much 
success. The examples studied are divided into two 
categories, namely, non-metallic inclusions in alloy 
steel cast as uphill-poured ingots; and non-metallic 
inclusions in alloy steel cast as top-poured ingots. In 
an earlier investigation, Rait found that light nickel- 
chromium-molybdenum steel forgings made from 11-in. 
ingots which had been uphill-cast over siliceous firebrick 
refractories (containing about 25 to 30 per cent. of Al,O,) 
had low transverse elongations, whereas similar forgings 
made from identical ingots poured uphill over more 
aluminous firebrick refractories (containing about 
38 per cent. of Al,O,) had completely satisfactory 
transverse elongations. In the former case, striated 
fractures were obtained (see Fig. 12, on this page), 
which indicated the presence of harmful inclusions in 
the test-piece. McCance, in discussing the manganese- 
silicon equilibrium in steel, has indicated the influence 
of this equilibrium on the “ cleanness ”’ of steel during 
uphill teeming, and has suggested that if the steel 
contains more manganese than equilibrium conditions 
require, the manganese will attack the firebrick, thus 
introducing non-metallic inclusions. He also suggested 
that small additions of aluminium would suppress this 
reaction, and thus considerably reduce the amount 
of inclusions due to slagged refractory. 

Since most steels contain more manganese than equili- 
brium conditions require, the manganese reduces the 
available silica of the firebrick refractory material in an 
endeavour to attain equilibrium. The MnO thus 
formed fluxes the alumino-silicate refractory to form 
low-melting slag. The more siliceous refractories had 
a thick layer of dark green glassy slag adhering closely 
to the surfaces, particularly on the top inside surface 
of the runner bricks, indicating that the slag washed 
off the refractories floats on top of the steel. In 
contrast, the more aluminous refractories were very 
slightly attacked, only a very thin scale-like layer of 
slag being found on the attacked surfaces. 

The analyses of a series of slags produced on uphill- 
casting refractories revealed the following notable 
features. (1) The slag consist chiefly of MnO, SiO,, 
and Al,O,, indicating that the refractories have been 
fluxed with MnO. In all cases the iron oxide contents 
are very low and may be accounted for by the iron oxide 
contents of the refractories. (2) The slags obtained 
from the same type of refractory material are all very 
similar, although the steels investigated varied in 
carbon content between 0-26 per cent. and 0-56 per 
cent., and in alloying constituents such as nickel, 
chromium, and molybdenum, but were very similar in 
manganese content and Mn/Si ratio. (3) The SiO, 
Al,O, ratio is lower in the slag than in the brick from 
which it is formed. 

Evidently the manganese of the liquid steel prefer- 
entially reduces silica in the firebrick, forming MnO, 
which, in turn, fluxes the refractory to form a slag 
consisting chiefly of MnO, SiO,, and Al,O;. If the 
attack were due to residual MnO in the steel, there 
would be no reduction in the SiO/AI,O, ratio. 

The reaction takes place in two stages: the mangan- 
ese reacts preferentially with the silica to form MnO and 
Si according to the equation : 

2 Mn + SiO, = 2 MnO + Si. 

The MnO thus formed fluxes the alumino-silicate refrac- 
tory to form a manganese alumino-silicate slag. Since 
the solubilities of the two types of refractories are very 
similar—as proved by the similar MnO contents of the 
slags formed on them, and by the MnO-firebrick fusion 
curves, it was concluded that the great reduction in the 
amount of slag formed in the more aluminous refrac- 
tories was due to a great decrease in the amount of 
MnO formed. Since the only difference in the con- 
stitution of the two types of refractories was in the 
quartz content, it was concluded that quartz is readily 
reduced by manganese, and that cristobalite and the 
silica combined in mullite are reduced to a much 
lesser extent. 

The manganese alumino-silicate slag, which is in the 
liquid state at the teeming temperature, is washed off 
the runner bricks and carried into the ingots, as illus- 
trated by Fig. 13, on this page. In this is seen a section 
of a metal runner, showing beads of alumino-silicate 
inclusions entering the steel. The fractures of the 





* Paper entitled “The Origin and Constitution of 
Certain Non-Metallic Inclusions in Steel,”’ to be presented 
at the forthcoming autumn meeting of the Iron and Steel 
Institute. Abridged. 
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pipes at the bottom of the ingots revealed glassy beads 
when the steel had been poured through the more 
siliceous runners, but the steel in the more aluminous 
channels was found to have smooth surfaces, and 
glassy beads were seldom visible. The inclusions 
extracted by the Dickenson method from the steel 
in the runner channels of four casts consist chiefly of 
MnO, SiO,, and Al,O,, and are obviously closely 
related to the slags formed on the uphill-casting 
refractories. Further evidence that the manganese 
alumino-silicate inclusions were retained in the steel 
was obtained by extracting (by means of the Dickenson 
method) the inclusions from each end of three forgings 
which failed on the transverse elongation test. There 
is a marked reduction in the amount of these manganese 
alumino-silicate inclusions when the steel is poured 
through the more aluminous refractories. 

Since the only difference in the production of the 
various casts for these forgings was in the type of 
uphill-casting refractories employed, it can only be 
concluded that some of the manganese alumino- 
silicate is trapped in the ingots and that the amount 
of slag formed on the refractories and retained in the 
steel is greater when the more siliceous refractories are 
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Fie. 13. Braps or ALUMINO-SILICATE INCLUSIONS. 


used. Since the temperature during forging falls from 
about 1,230 deg. to about 950 deg. C., these manganese 
alumino-silicates are in the plastic state and are 
elongated into stringers parailel to the grain flow. 
It should be noted that all these acid open-hearth 
casts were uphill-poured through magnesite nozzle» 
into 11-in. ingots and that no additions of aluminium 
were made. Hence, if the inclusions are proved to 
contain alumina, it is certain that they have been 
derived from firebrick refractories. Furthermore, 
inclusions found on the surfaces of those ingots uphill- 
poured through the more siliceous refractories proved 
to be manganese alumino-silicates, the analyses of 
which were similar to those of the slags formed on the 
refractories by the manganese reaction, and are also 
similar to the scums found by Houston on the surfaces 
of uphill-poured tyre-steel ingots. 

As MnO, SiO,, and Al,O, comprise more than 90 per 
cent. of the total oxides in these slags and the contents 
of the remaining oxides are somewhat similar for the 
various slags, their constitutions may be considered on 
the basis of the system MnO-Si0,—Al,0,;. Accordingly 
their compositions have been recalculated on this 
ternary basis. These compositions fall within the 
ternary mullite field. On cooling rapidly from steel- 
melting temperatures, the slags will either freeze to 
amorphous glasses or the crystallisation will be arrested, 
resulting in the formation of mullite crystals embedded 
in a glassy matrix. 

















Polished sections of runner scrap from the more sili- 
ceous runner bricks used in uphill-poured steel were 
examined by the microscope. The inclusions were 
largely amorphous, but annealing at 900 deg. C. for 
50 hours resulted in devitrification and, after etching 
with alkaline sodium picrate, crystalline structures such 
as are shown in Fig. 14, on page 166, were obtained. 
X-ray powder analyses of mechanically-removed inclu- 
sions indicated the presence of manganese anorthite 
(large), mullite, and cristobalite (small). Similar consti- 
tutions were found for the annealed slags scraped from 
the more siliceous runner bricks. Uniortunately, the 
inclusions in faulty forgings were too small for X-ray 
investigation, but chemical extraction has co 
the similarity of their compositions, and their miecro- 
structures closely resemble those in the runner sections. 

In a second example micro-examination of the 
polished samples of the steel cast through the more 
aluminous runners revealed a decreased amount of non- 
metallic inclusions. According to the re-calculated 
compositions on the basis of the system MnO-Si0,- 
Al,0,, the constitution of the non-metallic inclusions 
derived from the more aluminous runner bricks should 
be mullite, manganese anorthite, and cristobalite, but 
X-ray analysis of non-metallic inclusions mechanically 
removed from runner scrap and annealed at 900 deg. C. 
for 50 hours proved the presence of spessartite and 
spinel. Furthermore, slag scraped from the aluminous 
runner bricks, inserted in a piece of steel and subse- 
quently forged, was found on X-ray examination to 
consist of large amounts of mullite and a small amount 
of spinel of the Fe,O, type. This confirms the previous 
evidence that the amount of non-metallic inclusions 
resulting from the uphill-casting refractories is negligible 
when aluminous firebricks (38 per cent. of Al,O,) are 
used. The spessartite-type inclusions must therefore 
have been produced by the manganese attack on fire- 
brick in some other part of the casting system, such as 
the ladle or launder lining. 

A third interesting example is provided by a heat 
of nickel-chromium-molybdenum steel similar in com- 
position to the steels previously discussed, but made 
in the basic-electric furnace. A small cake of alu- 
minium (8 oz. per ton), weighted with ferro-manganese, 
was added to the bath just before tapping, and the steel 
was uphill-poured over the more aluminous type of 
refractories. As in the case of the acid steel, the 
aluminous refractories were only very slightly attacked. 
The thin scale-like layer of manganese alumino-silicate 
slag was found by X-ray powder analysis to consist of 
mullite (large) and manganese anorthite (medium). 
Examination of polished sections of the runner metal 
revealed the absence of the typical manganese alumino- 
silicates. Fig. 15, on page 166, shows a section from the 
runner metal annealed at 1,100 deg. C. for 18 hours. 
Crystalline phases are present which, according to 
X-ray powder analysis, are spinel and a pyroxene 
isomorphous with enstatite. The lattice spacing of 
the spinel is slightly greater than that of pure 
Mg0O.Al,0,, indicating that the spinel phase consists 
chiefly of MgO.Al,0, with small amounts of iron or 
manganese in solid solution. The spinel bas the 
appearance of having been partially attacked during 
annealing. Fig. 16 shows another inclusion found in 
the runner metal of this cast. The rectangular crystals 
appear to be spinel and the needles are most probably 
alumina. It will be noted in a later section that 
Mg0O.Al,O, spinel inclusions have been identified in 
other casts of basic electric-furnace steel in which a 
cake of aluminium weighted with ferromanganese has 
been added to the bath just before tapping. It would 
appear that the cake sinks to the bottom of the bath, 
and as the alumina is formed it reacts with the magnesia 
of the dolomite hearth to form spinel., 

A fourth example found in an open-hearth bottom- 
run steel of similar composition reveals the presence of 
a different type of inclusion. Eight ounces of alu- 
minium per ton of steel was added to the ladle. The 
inclusions appear to be very hard, crystalline, and 
translucent, and are probably the result of the reaction 
between aluminium and other inclusions. Portevin 
and Castro have reported similar inclusions. A typical 
example is shown in Fig. 17, on page 166. 

The formation of manganese alumino-silicate slags as 
a result of the manganese attack on firebrick is not 
confined to uphill-casting refractories. In top-poured 
steel, such slags formed on firebrick tundish linings 
can usually be observed floating on the surface of 
the liquid steel. The compositions of these man- 
ganese alumino-silicate slags are largely controlled 
by the original composition of the alumino-silicate 
refractory from which they are derived, and the carbon 
and manganese contents and the Mn/Si ratio of the 
steel. The formation of manganese alumino-silicates 
will not be confined to uphill casting; they will be 
formed whenever liquid steel comes into contact with 
alumino-silicate refractories such as compose the laun- 
der, ladle lining, stoppers and nozzles, and tundishes. 
Systematic investigations will be required to esta- 
blish quantitatively the contributions of each of 
these sources to the manganese alumino-silicate con- 
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tents. It is certain, however, that the amounts from 
each source will be greatly reduced with increasing 
alumina content of the refractory (i.e., with decreasing 
quartz content). These sources of inclusions should 
not be lightly dismissed, because the popular idea that 
the top-cast ingots are “ cleaner” than uphill-teemed 
ingots is not always correct. In the following section 
the inclusions described are those which have been 
located in ingots cast singly by top pouring, and in the 
majority of instances the steel was cast through 
tundishes. 

A fifth example concerns inclusions located towards 
the bottom end of a forging made from a 4-ton ingot 
cast from the basic-electric furnace through a tundish 
lined with firebrick. The composition of one of these 
inclusions, described in Table II, is almost identical 


TABLE II.—Composition and Constitution of Inclusion. 

















(Example 5.) 
Cast Weight, Composition, Constitution 
4 Per cent. Per cent. (X-ray). 
| | 
35 | 0-010‘ | MnO 35-2 | Rhodonite (medium). 
| Si02 43-5 | MnO.Alo03.2Si02g (me- 
| AlpOz 12-8 dium). 
| FeoOz 6-4 Manganese anorthite. 
TiO2 1-3 Pyroxene (diopside 
j | CaO trace type), large. 


| FeoOz (small). 

| | | 

with that of the slag formed in the tundish by a similar 
steel, indicating that the inclusion has been derived 
from the tundish lining. The structures of two separate 
inclusions found in the same test-piece are shown in 
Figs. 18 and 19, on this page; both these specimens 
were etched in boiling alkaline sodium picrate for 
5 minutes. Repolishing, and etching of the inclusion 
shown in Fig. 18 in a 10 per cent. solution of hydro- 
fluoric acid for a minute or two at a time, indicated 
that the long needles were more resistant to attack 
than the ground mass. Upon continued etching, the 
needles were eventually removed, although it would 
be difficult to say whether they were themselves 
attacked, or whether they were removed on account 
of the removal of the ground mass. 

An attempt was made to take glancing-angle X-ray 
photographs of the inclusions in situ, but no positive 
result was obtained. X-ray analysis of the extracted 
inclusions, however, revealed the presence of the 
following phases. (1) Rhodonite (MnO.SiO,), probably 
with small amount of “ FeO.SiO,” in solid solution 








MANGANESE ANORTHITE 
PYROXENE. X 500. 


(Mn,Fe)O.SiO,. (Medium amount.) (2) A phase iso- 
morphous with anorthite (Ca0.Al,0,.2Si0,), largely 
Mn0.Al,0,.2Si0,. (Medium amount.) (3) Monoclinic 
pyroxene (diopsode type of structure). (4) Fe,0Os. 
(Small amount.) 

The detection of manganese anorthite is interesting, 
and it is believed that this phase appears in Fig. 19, 
together with pyroxene, in which dendritic octohedra 
can be seen. Fig. 19 should be compared with Fig. 14, 
which is a microphotograph, after etching in alkaline 
sodium picrate, of an inclusion the X-ray analysis 
of which showed large quantities of manganese anor- 
thite. Rhodonite is probably present in the form 
of needles in Fig. 19, and pyroxene and manganese 
anorthite in the more dendritic form. A small amount 
of Fe,0, is also present. The composition of the inclu- 
sions lies very near to the rhodonite and manganese 
anorthite fields of crystallisation in the system 
MnO-SiO,-Al,0,. The monoclinic pyroxene (diopside 
type) does not occur in the pure MnO-Si0,-Al,0, 
system ; however, it evidently consists largely of MnO 
and SiO,, stabilised most probably by the solid solution 
of small amounts of FeO, CaO, and MgO. 

A sixth example concerns an inclusion found towards 
the bottom end of a similar forging to that mentioned 
in connection with the previous example. The inclu- 
sion, which is not unlike that found in Fig. 19, is shown 
in Fig. 20. In this instance, manganese anorthite 
and monoclinic pyroxene appear to be present, the 
former bearing a close resemblance to the manganese 
anorthite shown in Fig. 14. A seventh example shows 
an inclusion which again bears some similarity to that 
found in the fifth exampie. The acicular type of con- 
stituent, which is readily apparent, appears to be rho- 
donite. No very definite evidence of the constituents 
which were thought to be manganese anorthite and 
monoclinic pyroxene in Fig. 19 could be seen. 

An eighth example concerns the finishing slag of an 
acid open-hearth steel. A final slag sample analysed 
as follows: SiO,, 58-0 per cent. ; FeO, 15-5 per cent. ; 
MnO, 17-5 per cent.; CaO, 7-5 per cent. A small 
portion of this slag was powdered and inserted into a 
bar of carbon steel, forged, annealed, and then examined 
microscopically. Unetched, a dark constituent was 
detected which is shown in Fig. 21, on this page. This 
constituent has an appearance similar to that of tri- 
dymite. Subsequent etching in alkaline sodium picrate 


revealed a second, lighter, constituent, while at the 
same time the darker constituent was partially attacked. 
An X-ray photograph of the powder scraped from this 





inclusion after annealing gave the following constitu- 
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tion: Tridymite, large; pyroxene, small; olivine 
(tephroite and fayalite), medium. 

The ninth example concerns a forging of some 50 cwt., 
made from basic-electric steel cast through a tundish 
lined with firebrick. Inclusions were located in a 
test-piece towards the bottom end. This type of 
inclusion was dark brown in colour, running almost 
completely across the tensile test-specimen, which 
means that its total length was } in. Different parts 
of the inclusion had quite widely differing appearances. 
Notable features were light-coloured crystalline particles 
and lath-shaped crystals. Etching tests showed little 
attack by alkaline sodium picrate or hydrochloric 
acid (except in the case of a ferrous-oxide film, which 
was completely removed). The inclusion was attacked 
more strongly by hydrofluoric acid. 

Examples 10, 11 and 12 contained interesting features 
but a unique series of inclusions in one 30-cwt. forging 
provides example 13 and others. The inclusions were 
found 5 ft. from the top end of the forging and just 
below the skin. The microphotograph, Fig. 22, oppo- 
site, shows the structure of one of these inclusions, 
unetched. The chief constituent is alumina in the 
form of laths and crystals. The etched structure, 
with a background of eutectic appearance, one phase 
of which appears to be alumina, is shown in Fig. 23. 

The constitutions of a few examples of an unusual 
type of lime-rich inclusion found in basic-electric steel, 
but not detected in acid steel, are summarised in 
Table III, which was drawn up from data obtained from 


TABLE III.—X-Ray Examination of a Lime-Rich Type 
of Inclusion. (Basic-Electric Steel.) 











Example. Constitution. 

17 Gehlenite (2CaO.Alp03.Si02). Large. 
Anorthite (CaO. Alo03.2S8i02). Small. 
3Ca0.2Si02. Small. 

18 Gehlenite. Large. 
3CaO.2Si02. Small. 
Pyroxene. Small. 

19 Gehlenite. Large. 
Anorthite. Small. 

20 Gehlenite. Large. 

Medium. 





| 3Ca0.2Si09. 





X-ray examination of the mechanically-removed 
inclusion. Rait and Goldschmidt have shown that the 
constitution of basic-electric tapping slags, and their 
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change in constitution after being in contact with fire- 
brick refractories (launder, ladle lining, stopper rods, 
etc.) may be deduced from the diagram of the CaO-MgO- 
si0,-Al,O, system. 

The analysis of a number of tapping slags and fire- 
bricks shows that the slag, in its passage from the 
furnace into the ladle, has dissolved some alumino- 
silicate refractory, thus passing into a new phase-field 
in which gehlenite-akermanite solid solution (melilite) 
js one of the phases. With a knowledge of the 
Ca0-Si0,—Al,O, system, the mechanism of the reaction 
between the slag and the refractories is simply ex- 
plained. When a CaOQ-SiO, slag (approximate com- 

ition 2CaO.SiO,) comes into contact with firebrick 
the first liquid formed will have the composition of the 
ternary eutectic at 1265 deg. C. At steelmaking tem- 
peratures, this liquid will be unsaturated with respect 
to alumino-silicate and will continue to dissolve it in 
an attempt to attain equilibrium. However, some of 
this liquid will be washed into the steel and slag before 


reaching equilibrium. According to the phase diagram, 
such liquid will crystallize to form chiefl hlenite, 
with smaller amounts of anorthite and SiO, or 


3Ca0.2Si0O, and CaO.SiO,. In actual practice, the small 
amount of (usually less than 10 per cent.) present 
in the slag will affect, to a small extent, the com- 

sition and temperature of the initial liquid formed. 
fp the majority of cases the MgO will occur in melilite 
and pyroxene. Hence melilite will be the most pro- 
minent phase in such inclusions, the minor phases being 
anorthite, 3CaO.2SiO,, or pyroxene. 

The following inclusions are interesting examples 
associated with a variety of miscellaneous problems 
which have arisen in the course of this investigation. 
During investigation of the causes of failure of a certain 
cast of alloy steel which had proved difficult to drill, in- 
clusions of the type illustrated in Figs. 24 and 25 were 
encountered. The steel, to which 8 oz. of aluminium 
per ton had been added in the ladle, was produced in 
the basic-electric furnace. A residue extraction, using 
the Dickenson method, was attempted and the following 
percentage chemical analysis was determined: SiQ,, 
1-97; Fe,0,, 3-36; Al,O,, 80-30; TiO,,0-14; MnO, 
0-50; CaO, Trace; and MgO, 15-14. 

X-ray powder analysis was also carried out on the 
residue, and the following phases identified : «-Al,O, ; 
y-Al,O, ; spinel of a smaller spacing than, but definitely 
of, the MgO.Al,0, type. The smaller spacing proved 
to be due to the presence of y-Al,O, in solid solution. 
Spinel and alumina can be seen in the microphoto- 
graphs, the spinel predominating. The presence of 
this type of inclusion is one of the factors which always 
adversely affect machinability and drilling. A similar 
result was found on investigating a carbon steel which 
also failed to drill freely. 

Another example worthy of note was revealed during 
the examination of defects which had developed in a 
number of bearing-race rings made from imported basic 
open-hearth steel. Defects on the working surface 
were revealed only during final inspection and these 
defects took the form of what appeared to be random 
cracks. In the unetched specimen Al,O, laths only 
could be identified but, after etching, further crystalline 
phases (one of which appeared to consist of mullite) 
were identified. Such inclusions would be highly 
undesirable because, apart from initiating cracks under 
shock loading, they might work free and cause wearing 
of the bearings during service. 

In practical steelmaking, aluminium is commonly 
added as a final deoxidant and grain-size controller. 
Analysis of aluminium-treated steel indicates that 
much of the aluminium has been oxidised to alumina. 
Under ideal conditions, the alumina should occur 
as very small particles uniformly distributed through- 
out the steel. Frequently, however, large particles 
of alumina and spinel (MgO.Al,0,) occur as segre- 
gates and streaks. Owing to their extreme hardness, 
these aluminous inclusions are particularly obnoxious 
in easy-machining and drilling steels. Partial oxida- 
tion of aluminium cannot be prevented, because it is 
a stronger deoxidant than manganese or silicon, but 
its oxidation may be reduced to the minimum by ade- 
quate previous deoxidation of the steel by silicon. 
When aluminium oxidises in the basic-steel furnace, the 
resulting alumina tends to combine with the MgO of 
the dolomite hearth to form spinel. Accordingly, addi- 
tions of aluminium to steel in the basic furnace should 
be avoided where possible and additions confined to the 
ladle. However, the causes of excessive oxidation of 
aluminium and segregation of the products of oxidation 
are not fully understood and require further detailed 
study. 

Manganese alumino-silicate inclusions, which are 
formed by the reaction of manganese in liquid steel with 
certain firebrick refractories, are plastic at the usual 
hot-working temperature of steel and elongate to form 
stringers, which adversely affect the transverse proper- 
ties. It is suggested that these inclusions are a more 
frequent cause of failure of the steel to meet the required 
transverse properties than is generally realised. — 
teeming is often practised when very clean ingot 








are required (such as for tyre steels), and when man- 
ganese alumino-silicates form they are often found on 
the skin as scums associated with blowholes and 
unsoundness. 

McCance, in discussing the manganese-silicon equili- 
brium in liquid steel, has claimed that the chemical 
reduction of silica in uphill-casting firebrick refractories 
by manganese could be suppressed by small additions 
of aluminium thus considerably reducing the inclusions 
due to slagged refractory. However, the influence of 
the constitution of the firebrick was not taken into 
account, the assumption being made that all the silica 
present was attacked by the manganese, whereas Rait 

as shown more recently that the constitution of the 
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firebrick is extremely important, firebrick refractories 
free from quartz being attacked to a much lesser extent 
than those containing quartz. To reduce to the mini- 
mum the formation of manganese alumino-silicates in 
uphill teeming, it is suggested that uphill-casting refrac- 
tories free from quartz should be employed. In order 
to attain this desirable constitution the firebricks 
should contain not less than 38 per cent. of Al,O;; 
slightly lower alumina contents may be found permis- 
tible, but less than 35 per cent. is inadvisable. When 
the refractories contain considerable amounts of 
quartz, the benefit of aluminium in aes the 
manganese reduction of silica is doubtful, because 
aluminium, being a stronger deoxidant than silicon, is 
oxidised by the SiO, to alumina; thus deleterious 
aluminous inclusions may be introduced. 

The same considerations apply to all firebrick refrac- 
tories, such as launders, ladle linings, stoppers and 
nozzles, tundishes, etc., with which the steel comes into 





contact. after leaving the furnace. To reduce to the 
minimum the formation of manganese alumino-silicates, 
quartz should not be present in these refractories. 
The corrosion of fireclay nozzles by the manganese 
of liquid steel to form manganese alumino-silicates 
can be greatly reduced by boiling the nozzles in 
tar. The most probable explanation of this is that 
the free carbon deposited in the pores of the nozzle 
decreases the manganese reduction of silica—and the 
evaporation of the volatile fractions of the tar tends 
to produce a protective gaseous layer between the nozzle 
and the stream. 

Inclusions in which melilite is the most prominent 
constituent are produced by the fluxing action of basic- 
electric tapping slag on firebrick refractories. The 
amount of trapped-slag reaction product in the steel 
is probably reduced by preventing the slag from 
entering the ladle until it has received most of the steel. 
During teeming, however, the slag fluxes the ladle lining 
and some of this slagged surface will be washed into the 
following cast of steel. Hence it is extremely important 
that the slagged refractory should be cleaned as 
thoroughly as possible after each heat. The application 
of protective coatings of compo and ganister cements 
to ladle linings is of doubtful value, as, although the 
life of the lining is prolonged, the amount of refractory 
washed into the steel is probably increased. The use 
of basic ladle linings should reduce the amount of 
gehlenite-rich inclusions, and incidentally the amount 
of manganese alumino-silicates, but satisfactory basic 
ladle refractories are not yet available and much further 
development work in this respect is required. 

The patching of launders, ladles, and tundishes with 
lastic siliceous refractory cements is common practice. 
he majority of these materials have a weak cold- 

setting strength, and even with the drying temperatures 
normally employed they are fairly friable and easily 
eroded by the liquid stee]. These patching materials are 
undoubtedly responsible for much of the siliceous t 

of inclusions found in steel and are also a source of 
manganese alumino-silicates. The development of 
basic refractory patching-cements having adequate 
setting strength at normal ing temperatures and 
resistance to erosion, is required. 

Acid tapping-slag inclusions seldom occur in steel. 
The fluxing action of acid slag on ladle linings is much 
less severe than that of basic slag, although a low- 
melting slag, consisting chiefly of pyroxene, is formed 
on the ladle lining. This low-melting product must 
be removed as thoroughly as possible; otherwise 
some of this slag will be washed into the following heat. 
The majority of large refractory inclusions, can be 
avoided by careful pit practice. The spalling of the 
refractory lining of head-boxes may be avoided by the 
use of firebrick or compo with a high spalling-resistance 
index. 





HANDBOOK TO SOUTH AFRICA.—We have received from 
Messrs. British Overseas Airways Corporation, London, 
an informative brochure entitled Groundlight on South 
Africa, which they have produced in collaboration with 
the “ British Bulletin of Commerce.” The brochure, 
which is fully illustrated by maps, statistical diagrams 
and typical views, contains a large amount of informa- 
tion, and forms, in effect, a complete survey of the people, 
commerce and industry of the Union from the point of 
view of the business man ; it is not intended as a guide 
book for tourists. 





ROYAL AERONAUTICAL SOCIETY.—A garden party will 
be held by the Royal Aeronautical Society at the Handley 
Page Aerodrome, Radlett, Hertfordshire, on Sunday, 
September 15. The Society of British Aircraft Con- 
structors, of which Sir Frederick Handley Page is Presi- 
dent, are holding a fiying display and exhibition at 
Radlett Aerodrome on Friday, September 13, and they 
and the aircraft companies concerned have agreed to 
repeat this on September 15 for members of the Society 
and their friends. The display will commence at 2.30 
p.m., and end at 7.30 p.m., and admission will be by 
ticket obtainable only through a member of the Society. 
Sir Frederick Handley Page is also this year’s President 
of the Royal Aeronautical Society. 





QUARRYING INDUSTRY AND ESSENTIAL WORK ORDERS. 
—The Ministry of Labour and National Service have 
informed organisations representing the employers and 
employees concerned , that the asbestos-cement, quarrying 
(roofing-slate section), and the whiting section of the 
chalk, chalk-lime and whiting industry, will be with- 
drawn from the scope of the Essential Work Orders, 
on or about October 23. The limestone section of the 
quarrying industry remains subject to the Orders for the 
present. Notices will be issued to the individual under- 
takings in those industries or sections of industries which 
are to be de-scheduled, giving them at least one month’s 
notice. It is emphasised that the provisions of the 
Essential Work Orders will remain in force for al] em- 
ployers and employees concerned until individual 
de-scheduling takes effect. 
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577,085. Magnetron. Pye, Limited, of Cambridge, and 
D. Jackson, of Cambridge. (4 Figs.) March 20, 
1944.—The magnetron is one in which the magnet is 
easily adjustable and can be moved from its normal 
Position for the valve to be interchanged. The valve 
has a disc 2, which fits in a circular cup-shaped holder 3 
on the base 4, and is located by upturned lugs 5. The 
valve is held in position by an inverted cup-shaped 
cover 8, held in the holder 3 by a bayonet fitting. The 
cover has a tubular extension which encloses the re- 
mainder of the valve envelope, and the cover and the 
extension are of non-magnetic material. The magnet 7, 
of horseshoe shape, is carried by a supporting plate, 
which fits over and rotates about the valve holder 3. 





The supporting plate is locked in position by screws. 
The magnet 7 is held between two cheeks 22, 23, and is 
secured to the plate by two-headed spindles 25 with 
their heads beneath two slots 21 in the plate. A locking 
handle 27 connected to the spindles locks the magnet 
assembly in position. The magnet can be slid up towards 
the valve till the extension 14 is between the centres of 
the magnet pole pieces, and locked in position by the 
handle 27, and the whole assembly can be adjusted 
angularly by loosening the screws and rotating the 
plate relative to the valve holder. When adjusted the 
screws are again tightened. By releasing the handle 27 
the magnet may be slid away readily from the valve to 
permit the cover and valve to be removed. (Accepted 
May 3, 1946.) 


576,769. Aluminium Welder. Wrought Light Alloys 
Development Association, of Birmingham, and E. G. 
West, of Birmingham. (1 Fig.) June 10, 1944.—It is 
difficult to resistance butt weld aluminium owing to the 
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fact that the surface oxidises and prevents the welding, 
without the application of considerable pressure or 
heating, which results in distortion and unsatisfactory 
work. The object of the invention is to enable alu- 
minium to be welded effectively and rapidly. In welding 


mitred joints of aluminium window frames, a pair of 





the sections in position for forming the joint. On each 
electrode is a guideway 4, parallel to the section carried 
by the electrode, and carrying an adjustable stop 5 
with a locking screw 6, which overlaps the end of the 
metal section and determines the length of the section 
immediately prior to the welding. The sections with 
mitred ends are fixed in, or nearly in, contact, and the 
milling cutter 7 mounted on a slide is lowered to traverse 
and cut away the metal from each mitred surface. 
Immediately the cutting operation has been completed 
and the cutting tool disengaged, welding is effected by 
advancing the electrodes and sections to each other 
before oxidation takes place. To weld butt joints, the 
sections can be presented in alignment instead of at 
right angles. (Accepted April 17, 1946.) 


576,872. Circuit Breaker. The English Electric Com- 
pany, Limited, of London, and A. F. Harvey, of Stafford. 
(2 Figs.) May 17, 1944.—The invention ia an electric 
circuit breaker having a trip mechanism which is able 
to re-open the breaker while it is being closed. The 
links A and B are pivoted together by the pin R, which 
is pulled upwards to close the circuit breaker. The link A 
is pivoted to a link C on a fixed pivot E, which closes 
the breaker when turned anti-clockwise. Link B is 
Pivoted to a crank-shaped link D mounted on a fixed 
pivot F, and to a hook-shaped member L, which curls 
round the pin R and carries a series of teeth. The 
upper arm of the member L is kept normally in solid 
contact with link B by the spring Q. A stop L, prevents 
the member L from rotating far relative to the link B. A 
bar J with a catch H normally engaging a hook at the 
lower end of the crank member D carries a pivoted spring- 
biassed pawl T. When the pin R is moved upwards 
to close the breaker, the catch H prevents the crank 
member D from rotating clockwise about its fixed pivot, 
and the pin R describes an arc, rotating the link C anti- 





clockwise and closing the breaker. To limit this motion 
a lug B, engages an extension lug on link A, and links 
A and B, and B and D from slightly overset toggles. 
If the trip bar J is now rotated clockwise, the catch H 
releases the crank member D, which rotates clockwise 
and opens the circuit breaker. When the circuit breaker 
has reached its fully-open position. links A and B will 
fall by gravity and crank member D will return so that 
the mechanism is reset. The teeth run over the pawl T, 
and if the link B slows up, stops or reverses, the inertia 
of the member L will cause it to continue for a short dis- 
tance. The spring Q will reverse the member L and one 
of the teeth will engage the pawl T, the trip bar J will be 
rotated clockwise, and the circuit breaker will be opened. 
If the deceleration of the link B is sufficiently great it 
engages the stop L, and the link L will start to reverse 
at once. The teeth are clear of the pawl T when the 
circuit breaker is in the closed position, so any overshoot 
of the member L when the circuit breaker has been fully 
closed is prevented from operating the trip mechanism. 
(Accepted April 24, 1946.) 
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577,060. Jacket~Water Cooling Radiator. Serck 
Radiators, Limited, of Birmingham, and F. W. C. Hems, 
of Birmingham. (2 Figs.) July 28, 1944.—As radiators 
consisting of metal tubes attached to tube plates must 
be made from relatively thin materials, there is a certain 
amount of inherent flexibility, and difficulty is experi- 
enced in maintaining fluid-tight connections between the 
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tubes and the tube plates. The invention provide more 
durable connections between the tubes and plates. Thin- 
walled metal tubes a, of elongated cross-section, are 
arranged in rows, each end of the tube assembly 


electrode heads 2 carry clamping devices 3 for holding 
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holes ¢ corresponding in shape to the elongated cross. 
section of the tubes. The outer edges of each of the 
tube plates 6 are flanged at d to receive a cover plate j, 
which, with the tube plate, forms a tank. The tubeg 
a are also inserted through holes in gill plates gy, ang 
are reinforced internally by corrugated metal strips, 
which divide the interiors of the tubes into separate 
passages. Between each of the end flanges d of the 
tube plates b and the ends of the tubes a@ a reinforcing 
metal strip i is brazed to the tube plate. The strip ; 
has a flange j corrugated to take the half-round ends of 
the flanges round the holes c in the tube plate 6. Thus 
the tube plate is stiffened at parts where flexure may 
occur, that may break the solder between the plate and 
the tube ends. (Accepted May 2, 1946.) 


MISCELLANEOUS. 


576,763. Chains. Carntyne Steel Castings Company, 
Limited, of Moorpark, J. G. Wilson and A. W. Jeffrey, 
of Moorpark. (5 Figs.) May 11, 1944.—The invention 
is applicable to heavy chains, such as ship-mooring 
chains, and consists in links cut into two parts for 
joining together, linked with complete links, and then 
welded together so as to form interlinked whole links. All 
the links are cast whole, being machine moulded. Each 
link is just under 4 ft. in length, links A, which are 
to be cut, being of standard form except that they are 


Sas 
(476,763) ’ A 

slightly increased in section by a central enlargement on 
the inner side of the link. Each of the links A is cut 
in two by burning across the opposite enlargements. The 
cut ends are chamfered off at 2 so that when adjoining 
chamfered ends are put together they form two V-section 
grooves to receive welding metal. A pair of uncut 
links B are linked with the halves of link A and the 
half links are placed together again and held in position 
by jigs. The halves are then electric-arc welded together. 
The one-piece links B are then similarly linked with 
other cut links A!, A, and so on. (Accepted April 17, 
1946.) 


576,771. Sugar-Washing Machine. British Sugar 
Corporation, Limited, of Northwood, and W. A. Witham, 
of Old Colwick. (4 Figs.) September 27, 1944.—This 
invention provides automatic washing of sugar crystals 
in a centrifugal drying machine. A motor 1 drives a 
shaft 2 at a speed of one revolution every two minutes. 
On the shaft are mounted a series of cams 3, tracked 
by a roller 4 on a lever 5 pivoted to the base supporting 
the motor and the water-supply conduit 9. To the lever 
arm 5 is connected the stem of a water valve 8 in the 
water-supply conduit 9 leading to the spraying apparatus. 
A spring 10 holds the rollers in contact with the cams. 
Lifting of the lever arm 5 by the cams 3 opens the water 
valve 8 leading to the spraying apparatus, the valve 8 
being closed by the spring 10 when the lever arm 5 is 
lowered. On the motor shaft 2 is also keyed a separate 
cam which contacts a projection on a double-armed lever 
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which controls a clutch 17 through Bowden wire 16. 
The clutch 17 is a spring-pressed plunger mounted on an 
arm oscillated by a driving wheel on the mixer shaft, 
and engages an upright rod connected with a rocker 
on the casing of the centrifugal machine and carrying a 
spray arm connected by rubber hose with the water- 
supply conduit 9 controlled by the valve 8. With the 
valve 8 held open by the cams and with the clutch 17 
engaging the rod, the spray arm is oscillated within the 
centrifugal machine and the wall of crystals sprayed 
with water. On continued movement of the motor shaft, 
the valve 8 is closed by cams 3, the plunger of the clutch 
17 is withdrawn from engagement with the upright rod, 
and the oscillation of the spray arm ceases. The motor 
is switched on by a time-lag switch after the desired 
period of spinning of the centrifugal machine for separa- 
tion of the syrup is completed, the cams open the water 
valve and supply water to the spray arm, while the in¢ée- 
pendent cam releases the clutch to move the spray arm. 
The spray continues for a period dependent on the length 








being inserted through a tube plate 6b, with flanged 


of the cam. (Accepted April 17, 1946.) 
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THE TECHNIQUE OF 
GAMMA RADIOGRAPHY.* 
By R. Hatmsnaw, B.Sc., A.R.C.8. 


In view of the extensive applications of gamma 
radiography in the steel industry which have deve- 
loped during the war years, and of the likelihood of 
yarious firms obtaining their own gamma-ray equip- 
ment in the near future, a description of some of the 
practical problems encountered in developing a 
technique of gamma-radiography may be of interest. 
Previous publications on the subject, particularly in 
America, have been, in the author’s opinion, some- 
what incomplete, and have tended consequently to 
give a misleading impression of the present state of 
knowledge of the subject. The author has been 
engaged largely on gamma-ray work for the past 
five years, so that the following article is based on 
practical experience over that period, and also on the 
experience of colleagues engaged on similar work 
since 1930, to whom the author is indebted, but the 
opinions expressed are personal ones only. 





The process of making a gamma radiograph is 
now well known. In brief, a source of gamma rays 
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available for general use. (A millicurie of radon 
has the same gamma-ray output as one milligramme 
of radium in equilibrium with its products.) 

Owing to the size of the radioactive source there 
will always be a slight blurring of the image of a 
small cavity on the film, from purely geometrical 
considerations. Fig. 1 will make this clear; the 
effect is exactly analogous to the casting of a shadow 
by an electric lamp on to a plane surface and the 
same expressions—umbra and penumbra—for the 
different parts of the shadow are used. The follow- 
ing points should be noted from Fig. 1 :—({a) the 
smaller the diameter of the source, for a given value 
of D, the smaller the penumbra or “ blurring of the 


image ”’ (1) and (2). (6) The smaller the ratio . 


for a given diameter of source the smaller the 
penumbra; that is, the penumbra effect is more 
serious with thicker specimens when d is large, (1) 
and (3). The “blurring” is due to the existence 
of the penumbra, which causes the image to have a 
gradually shaded-off edge instead of a clear-cut 
change in film density. The smaller the penumbra 
the sharper will be the density change on the film 
and the clearer the image. (c) For any given thick- 
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—radium, radon or mesothorium—is placed on one | 


side of the specimen to be radiographed at a chosen 
distance, a film, between intensifying screens in 
a light-tight holder, is placed close to the other 
surface of the specimen, and the whole left for the 
correct exposing time; the film is then developed. 

It will be seen, therefore, that the following variable 

factors influence the correct exposure to be given :— 

(1) source to film distance ; (2) specimen thickness ; 

(3) strength of source ; (4) type of film ; (5) type of 

intensifying screens; and (6) development tech- | 
nique. Of these factors, all but No. 2 are under | 
the control of the operator, and it is proposed to 

deal with each in detail. As they are inter-related, 

no attempt is made to treat each separately. 

In this country, at the present time, the radio- 
active source will be a capsule of radium salt, 
although it is understood that mesothorium was 
used before the war in Germany, owing to the 
scarcity of radium. A typical radium source con- 
tains the equivalent of 200 milligrammes of radium, 
and is 3 mm. to 4 mm. in diameter by 12 mm. long, 
being cylindrical in shape. The reasons for this 
shape will be explained later. In general, the 
smaller the effective diameter of the source the better 
will be the definition obtained on the films, and 
undoubtedly the most suitable source of gamma-rays 
would be a radon capsule. Radon is a radioactive 
gas produced as one of the decay-products of radium, 
and being a gas it can be compressed into a very 
small glass capsule. A good radon source may have 
an initial strength of 700 to 900 millicuries and 
be 1 millimetre in diameter by-2 millimetres long, 
or even smaller, but at present the supply of 
radon sources is very limited and they are not 





* Published by permission of the Chief Scientific 
Officer, Ministry of Supply. 





ness of specimen, the worst 
blurring occurs with a defect 
on the surface of the specimen 
away from the film (4) and (5). 
(d) A condition can be reached 
when there is no “‘ umbra”’ (5). 
This last condition operates ~ 
only when the defect diameter 


° a (e348) 
is less than the source dia- ¥ 


meter, the limiting condition for no “umbra”)| 


being that 
(diameter of defect) x D _ 
(diameter of source) Xd 


Experimentally, observation of these geometrical 
conditions is complicated by the graininess of the 
film and by the irregularity of an actual cavity in 
a casting or a weld. 

A series of experiments using as specimens steel 
plates varying from 1 in. to 3 in. in thickness con- 
taining artificial defects, indicated that it is possible 
to detect the image of the defect on the film, when 
geometrically the umbra has become zero—the con- 
dition shown in Fig. 1 (5). This condition is, of 
course, dependent to some extent on the actual size 
of the defect. Assuming therefore that a defect of 
diameter less than 1 mm. will be approaching the 
limit of visibility due to film granularity, unless 
special slow fine-grain emulsions are used, and that 
the maximum diameter of the radium source will be 
3 mm., a minimum ratio of ~ =? is obtained. The 
assumption of a defect of diameter 1 mm. as the 
smallest to be detected is based also on the practical 
consideration that gamma radiation will not be used 
for steel thicknesses less than 1 in., and it also takes 
into account the diameter of the largest source likely 
to be used. It is not suggested, however, that under 


1. 





D| greater than three. 
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suitable conditions, defects of diameter less than 
1 mm. are undetectable; for instance, if fine-grain 
film were adopted as standard practice a lower limit 
could be taken. Owing to the slow speed of such 
film, this is not considered to be practicable at the 
present time. 

In working practice, D is usually of the order of 
9 in. or more for steel thicknesses up to 3 in., and 


the suggested ratio of 7 is only approached for thick 


imens. If it is required to examine only part 
of the thickness for defects—for example, in a weld 
part way through a heavy section—it is, of course, 


the ratio of > and not > which requires to be 
It will be seen that, within 
limits, the larger the ratio =A the better will be the 


definition and the smaller the distortion on the 
resulting radiograph. There are, however, other 
limits to the definition obtainable. Berthold (1938) 
has suggested that a limit is set to the attainable 
definition by the diffusion of the photo- and recoil 
electrons in the emulsion, called by him the “‘ innerer- 
unscharfe.” As the exposure time required to 


” 
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produce a good radiograph increases with an increase 
in either D or ¢ it is always necessary, unless 
unlimited time is available, to compromise on a 


reasonable value of > . For moderate thicknesses, 
however, the 7 ratio can usually be much greater 


than 4 so reducing image distortion and making 


interpretation of the radiographs more simple. 
The intensity of radiation reaching the film is 


proportional to Pa , but this factor is complicated in 


practice by the response of the film to very weak 
intensities of radiation. For example, for a film ex- 
posed between tungstate screens, the density pro- 
duced by an exposure of one minute to radiation of 
intensity I, will be different from the density from an 
exposure of ten minutes to an intensity of Te’ and 
different again from the density given by one hun- 
dred minutes’ exposure to i00" assuming equivalent 
development in each case. Although the exposure, 
that is the product exposure time x intensity, is the 
same in each case, the density produced on the film 
will vary with the actual intensity of the radiation ; 
the result is known as the “ reciprocity-law failure,” 
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It has the result of making the exposure-time 
variation with distance, when using intensifying 


screens, proportional to Re where = is greater than 


two. Expressing this relationship as [a] n is 


known as the Schwarzschild “ constant” and was 
first noted in astronomical work. Experimentation 
with different screen and film combinations has 
shown values of 2 ranging from 2-3 to 3-2. For 
metal intensifying screens, z appears to have a value 
close to 2, but with tungstate screens, the values 
depend on both film and screens. Reciprocity- 
law failure has been shown to be due to the response 
of the film to the visible or ultra-violet fluorescent 
radiation from the screens. It should be noted that 
because of this reciprocity-law breakdown at very 
low intensities of radiation, the relative speeds 
determined at normal X-ray intensities of a group 
of screen type films do not always agree with those 
at gamma-ray intensities. In this country no 
special film is produced for gamma-ray work at 
present, so that the only method of finding the most 
suitable films is by producing a set of characteristic 
curves under standard working conditions. 

As it is essential that exposures should be as 
short as possible, and bearing in mind the above 
factors, a value of D = 9 in. has been adopted as 
standard for general work—that is, for thicknesses 
up to 3 in. of steel ; but in recent work, when high 
intensity radon sources have been used, a value 
of D = 12 in. to 14 in. has been more usual. Expo- 
sure charts are given for these conditions in Fig. 2, 
page 169. In preparing these charts the source of the 
gamma rays has been taken as 250 milligrammes of 
radium and the development of the film as 7 minutes 
at 65 deg. F. in D19-b. Curve 1-1 is for lead screens, 
film density D = 1-5 and a distance of 9 in. between 
the source and the film; curve 2-2 is for a pair of 
“back” type tungstate screens, a film density 
D = 2-0 and a distance of 15 in. between source 
and film; curve 3-3 is for lead screens with a fine- 
grain film and a film density of D = 1-5, the source 
to film distance being 9 in. in this case. 

A further complication introduced by the recipro- 
city-law failure at low intensities is the decrease 
in the intensification factor of tungstate screens as 
the specimen thickness is increased and the intensity 
of radiation reaching the film decreases. This is 
evident from Fig. 2, and it will be seen that in radio- 
graphing very heavy sections, 10 in. to 12 in. of steel, 
metal screens are almost as efficacious as tungstate 
screens, and the actual result, in practice, when both 
are given the same exposure, is that the film taken 
with lead screens may be superior owing to the 
absence of *‘ screen-grain.” 

The general practice in gamma-ray technique has 
been to use one lead-foil screen of about 0-003 in. 
thickness in front and one behind the film, for all 
work where the necessary exposure time is not too 
prolonged, and only to use tungstate screens when 
it is essential to obtain quick results. The principal 
reasons are, first, that the graininess of the screens 
mentioned above, which tends to obscure fine detail, 
is avoided, and, secondly, that metal-screen type 
film, in general, is capable of giving a higher photo- 
graphic contrast than salt-screen type films. The 
graininess of the screens is, in effect, due to the 
size of the calcium-tungstate particles comprising 
the coating and is a separate effect from the film 
graininess which is due to the conglomeration of 
the silver grains in the emulsion. Pairs of lead 
screens of between 0-002 in. and 0-005 in. thickness 
give an intensifying factor of slightly greater than 2 
with gamma-radiation, whereas a pair of tungstate 
screens has a factor of up to 20, according to the 
specimen thickness. It has also been general prac- 
tice to use a “‘ sandwich ” of two films and two pairs 
of screens for all heavy sections, to assist in the 
interpretation of faint marks on the films. If the 
two films are superimposed after processing, a 
lower density on each film can be tolerated than if 
only a single film were available, and the necessary 
exposure is thereby reduced. This superposition 
of two films, besides increasing the apparent contrast, 
also tends to make the grain of the film less apparent. 
It should be noted that a film exposed to gamma- 
radiation is generally more grainy, and consequently 
more difficult to interpret, than a film exposed to 


medium kilovoltage X-radiation and given the same 
development. For normal X-ray work tungstate 
screens are sold as front and back screens, the back 
screen having a heavier coating. To achieve the 
greatest reduction in exposure time it is possible 
to use a pair of tungstate back screens instead of 
a normal pair ; this practice, however, accentuates 
screen-grain and should be avoided whenever 
possible. As metal screens have no “grain,” 
there is no advantage to be gained by using film 
without screens. However, unless good quality 
lead foil is obtainable it may be better practice to 
double the exposure and expose the film without 
screens, as inferior lead foil is likely to produce a 
pattern due to rolling marks on the lead. 

It has been stated already that no special film 
for gamma-ray work is produced in Great Britain, 
but, if available, the requirements of such a film 





would be a high-speed to low-intensity gamma rays, 
coupled with as high a contrast as possible and with 


the penetrating power of the radiation is available, | 


by varying the photographic contrast of the film. | 
This photographic contrast, defined as the ratio of | 
change of film density to log,, (exposure), is usually 


development conditions. 

It is important, therefore, to find the optimum | 
development time for each film to give maximum | 
contrast at some chosen density, and this time has | 
been found to be usually 50 per cent. or more longer | 
than the times recommended by the film manu- | 
facturers for normal X-ray technique. Some films | 
appear to respond to prolonged development much 
| better than others, in that the chemical fog caused | 
by development does not increase rapidly with | 
development time ; certain films can be developed 
up to 10 min. at 65 deg. F., instead of a recommended 
| 5 min. in normal X-ray developer , before the maxi- 
| mum contrast obtainable at density 2-0 is reached. 
|The characteristic curve of a typical X-ray film | 
|shows that the contrast increases rapidly with | 
| density up to a density of about 1-2 and then 
| increases more gradually up to a density of 3-5 or | 
more, a8 the curve approximates to a straight line, | 
so that for maximum sensitivity a film of high | 
density is required. If, however, the density | 
exceeds 2-5, special viewing conditions are necessary, 
and usually a density of 2-0 is considered adequate. | 
|The exposure plotted in Fig. 2 are calculated for | 
densities of 1-5 and 2-0. 

The sensitivity is usually measured in terms of | 
the thinnest penetrameter step which can be| 
discerned on the film, the penetrameter being | 
placed on the opposite side of the specimen to the | 
film. Thus for film between lead screens a pene- 
trameter step of 0-015 in. on a plate of 1 in. 
thickness, that is, a sensitivity of 14 per cent., can 
be seen. The penetrameter steps are normally not | 
less than } in. square and have straight edges, so 
that a “ penetrameter sensitivity ” of 2 per cent. 
does not necessarily mean that defects 2 per cent. 
of the specimen thickness in depth, but of small 
area, will be detected. The ability to detect very 
small defects of this nature, such as small pores, 





) ‘ 
is dependent on other factors, such as the 2 ratio, 


as well as on the sensitivity. The ‘‘ penetrameter 
sensitivity ’ obtainable is of the order of 1 per cent. 
to 2 per cent. for steel thicknesses from 1 in. to 
3 in. It falls slightly with increasing thickness, but 
for great thicknesses, over about 6 in., it appears to 
increase again, when expressed as a percentage of 
the total thickness. This is probably due to the 
almost complete absorption of the softer components 











of the gamma-radiation, which are the chief contri- 


so that the sensitivity as defined can only be varied 
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butors to the scattered radiation, so that the 
proportion of very hard radiation becomes greater, 

It will be convenient here to add a note regarding 
film holders. In gamma-ray work, even more than 
with X-rays, it is desirable to have the film-holder 
in close contact with one surface of the specimen, 
so that the normal metal cassette is not always 
suitable. It has been found to be more convenient 
to expose the films in thin card envelopes which 
will bend easily to various shapes. In order to 
avoid pressure marks caused by uneven pressure, 
a sheet of lead of the same size as the film envelope, 
and about 4 in. in thickness is used behind the 
film. Very little trouble has been experienced with 
uneven film density due to poor screen-to-film 
contact and the flexibility of the film holder is 
limited only by the flexibility of the intensifying 
screens. 

Film size for each exposure is limited by the shape 
of the ray-source, by the source-to-film distance D, 


a small grain size. With a normal X-ray unit, |and by the shape and size of the specimen. With 
the kilovoltage applied to the X-ray tube can be ad- 
justed to produce radiations of varying penetrating | 0T@ t Tay y : 
power. Thus if a thin specimen is to be examined, | Cylinder increases, and it is ' advisable to limit 
the radiation can be made less penetrating, so that | the film size as much as possible. In practice it 
a small thickness change in the specimen causes & is better to take a series of short exposures, each 
great change in the quantity of radiation reaching | covering a small area, than to attempt to cover 
the film. By this means, the sensitivity obtainable | 
in the radiograph, that is, the smallest thickness | 
change which can be detected by a density change | : , F Cer 
on the film, is increased. With gamma radiation | work, such as circumferential weld examinations, 
from a radioactive substance no such control of | it is possible to put the source at the centre of the 


a cylindrical radium capsule, the definition deteri- 
orates as the angle of the rays with the axis of the 


a large area by increasing the working distance. 
With a spherical radon source, however, equal 
definition is obtained at all angles, and for certain 


circle and cover the whole length of the weld with 
one exposure. This technique is particularly con- 
venient where an exposure can be left all night in 
a secure place and the films removed and processed 
next morning. In the same way, a series of small 


measured from the characteristic curve of the film | jobs can be radiographed simultaneously by placing 
and varies with the actual density and also with the them in a circle with the radon at the centre, and 


by adjusting the source-to-film distance for each 
individual film, several specimens of different thick- 
nesses can be dealt with at one exposure time. 
The ratio of scattered to direct radiation reaching 
the film with gamma rays is markedly smaller 
than with medium kilovoltage X-rays, and the 
greatest proportion of the scattered radiation 
(Compton scattering) is in a forward direction at 
a small angle to the direct beam. This means that 
few special precautions are necessary to avoid the 
effects of scatter, and it is not normally necessary 
to mask the edges of a specimen with lead or to 
fill any holes with absorbing medium to prevent 
the objectionable “ in-fogging ” effects which would 
result if X-radiation were used. 

It will have been seen from the foregoing that 
gamma-ray technique is a continual compromise be- 
tween theoretically ideal conditions and practicable 
working conditions. It is necessary to compromise 
between the ideal radiograph produced with metal 


screens, a large ; ratio and a long exposure, and the 
various methods which can be used to shorten the 

D 
exposure time. Most of these methods—short 7 


ratio, use of salt screens—operate at the expense of 
the film definition, but experiments have shown that, 
if film contrast is maintained, a considerable blurring 
of the image can be tolerated in the radiograph. 
It is thus considered that the use of tungstate 


D J 
. ratios down to 


3 i 
screens and ; are permissible 


within the limits which have been explained above. 
It may be argued that the compromise has departed 
too far from the theoretically ideal conditions, but 
it is felt that if the theory of the working conditions 
is understood adequately a satisfactory technique 
for a wide range of work will have been built up. 
In recent years specimens ranging from ship welding 
} in. thick to armour castings 12 in. thick have been 
examined, with a very low proportion of unsatis- 
factory results. 








BRITISH ORDERS FOR BELGIAN Bricks.—The Minister 
of Works has announced that contracts have been placed 
with Belgian brickmakers for 64 million “* English-sized ” 
bricks, and that negotiations are proceeding with a 
view to the acquisition of further bricks of Belgian 
sizes. The bricks will be used for housing and other 
constructional work. 
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Collection ‘‘ Matériaux de Synthése.’’ Aminoplastes. By 
PIERRE TALET. [Price 280 fr.]. Résines Vinyliques. 
By HENRI GIBELLO. [Price 260 fr.]. Dunod, 92, 
Rue Bonaparte, Paris (VI®). 


TuEsE books are the first of an extensive series on 
plastic materials, which it is intended to publish 
under the direction of M. Pierre Piganiol. Professor 
Duclaux, of the College de France, in a short general 
preface to the series, stresses the importance that 
the plastics industry has assumed within the past 
20 years and the need for continued research into 
the chemistry and physics of plastics as the only 
sure foundation for the synthesis of new products 
capable of satisfying demands that are likely to 
become progressively more exacting in the future. 
The impression still persists that, at best, synthetic 
materials are only inferior substitutes for natural 
products. While, however, it is true that efforts 
have been directed towards evolving materials with 
properties akin to those of certain classes of natural 
products, because such properties are of primary 
practical importance, it is no less true that additional 
properties may be conferred on synthetic products 
which may render them, in certain respects, superior 
to the corresponding natural products. In his 
introductory foreword, M. Piganiol explains that 
the object of the series is to supply a collection 
of up-to-date technical monographs covering all 
branches of the plastics industry, and written by 
specialists actively engaged in the scientific direction 
of those industries. 

The first volume is devoted to the amino plastics, 
and is written by M. Pierre Talet, director of the 
research laboratory of the Société Nobel Francaise. 
This important group of plastics is obtained by the 
condensation of urea, or one of its derivatives, with 
an aldehyde, usually formaldehyde. The prepara- 
tion of these primary products on a manufacturing 
scale is described, and this is followed by a general 
outline of the process of molecular aggregation 
whereby the final condensed product is derived. 
For industrial use, the material is usually dehy- 
drated and reduced to powder form with the addition | 
of a stabilising agent to permit of its storage. It 
may be used alone, or in association with various 
filling and colouring substances, for the production 
of moulded articles by direct compression, by extru- 
sion, or by injection under carefully controlled 
temperature conditions. Details of all these pro- | 
cesses are given, together with a useful list of the 
causes and cures of the various defects that may 
manifest themselves during the moulding operation. 
The chemical and physical properties of the moulded 
articles are discussed at length. Sections are also 
devoted to the use of amino plastics as ingredients 
in varnishes and glues; to the modified products 
resulting from their admixture with other chemicals, 
and to the many miscellaneous uses that have been 
found for the wide range of materials thus made 
available commercially. 

The second volume deals with the vinyl plastics. 
Its author, M. Henri Gibello, a former director of 
the Nobel Laboratory, is now associated with the 
Compagnie de Saint-Gobain. The book follows 
much the same general plan of exposition. The 
vinyl resins result from the polymerisation of a 
variety of related substances, of which vinyl chloride 
and vinyl acetate are typical. Moreover, these 
individual substances can be blended together to 
form what are termed co-polymers. By varying 
the components present, their relative proportions, 
and the degree to which polymerisation is carried, 
products as pliable as rubber and as hard (and as 
transparent) as glass can be prepared. A discussion 
of the chemical constitution of these plastics is 
followed by a most readable account of their seem- 
ingly endless applications in the textile, electrical, 
and optical industries. The bogk concludes with a 
valuable description of the methods for their quali- 
tative and quantitative analysis adopted in the 
laboratories with which the author is connected. 

The emphasis in both works is on practical aspects 





but, though theoretical developments are not given 
in detail, they can be readily traced through the 
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very complete lists of references placed at the end 
of the various sections of each work. If the remain- 
ing volumes of this series maintain the high standard 
set by these first two, the full series will constitute 
& most useful contribution to a subject of great and 
growing importance. 





The L.M.S. atWar. By Georce C. Naso. The L.M.S. 
Advertising and Publicity Department, Central Offices, 
Euston Station, London, N.W.1. [Price 5s. net.] 


As the largest of the four British main-line railways, 
and the one with the most widely dispersed ter- 
minals, the London Midland and Scottish Railway 
naturally bore somewhat more than an even quarter- 
share in the nation’s war-time rail-transport prob- 
lems. To describe the peace-time work of a great 
railway briefly, adequately, and with a due sense of 
proportion can never be easy, but to portray the 
innumerable details of its war-time activities without 
being either banal or merely statistical is, perhaps, 
one of the most difficult tasks that can face any 
writer. There are facts in plenty in this narrative 
of The L.M.S. at War, and many of them will be 
novel and interesting to the average reader, but their 
presentation suffers by an excess of striving after 
effect, and by the redundancies of the author’s 
style, which lapses at times into that of a B.B.C. 
Children’s Hour talk; the first five paragraphs 
of the section on ‘‘ Locomotives” may be cited as one 
instance out of many. The reader who can steel 
himself against being “talked down to” (with a 
Victorian profusion of exclamation marks) will 
find much that deserves to be recorded and remem- 
bered, but he is likely to tire quickly of the Macau- 
layan word-painting. ‘‘War meant upheaval in 
nearly every sphere of life. It came banging at 
castle gate and cottage door—men and women 
joined the services, and the nation began to play a 
huge game of general post. The petrol pump 
attendant went to drive a tractor on the farm, the 
caddie master at the golf club returned to his old 
love the fishing fleet, the middle-aged tobacconist 
and confectioner shut up his little village shop 
and got a temporary job in the Civil Service .. .” 
and so on; in this particular instance, to more 
than twice the length of the above quotation, before 
railways come again into the narrative. The public 
have had a surfeit of this kind of writing from H.M. 
Stationery Office, during and since the war. It 
can be very effective in small and occasional doses, 
but is much less so when administered in bulk. 
Nevertheless, the book deserves to be read widely 
and tolerantly, for there is a great deal in it of the 
veritable stuff of history; but it does give the 
impression that the task of presenting that history 
has been rather too big, too complex, and perhaps a 
little too technical for the chronicler. 





Arc Welded Structural Steelwork, 1946. Memorandum 
No. 1. Stanchion Bases, Caps and Joints. British 
Welding Research Association, 29, Park-crescent, 
London, W.1. [Price 9d., post free.] 


THis pamphlet is the first of a series on welded 
structural details, prepared by a committee of the 
British Welding Research Association on codes 
of practice for welded building structures. It deals 
with welded stanchion bases of the slab type and a 
variety of gusseted types, stanchion caps and stan- 
chion joints, giving due consideration to the respec- 
tive merits of shop welding, site welding and bolting, 
and their combination in one joint. The stanchion 
shafts are single joists or tubes, or of the box type, 
built up from channels or angles. Joints using a 
division plate are particularly attractive in welded 
construction, but may lead to difficulties when 
swinging the beams into position and this aspect is 
properly dealt with. To avoid site welding, four 
angle cleats are suggested to receive the anchor 
bolts ; a single square plate, turned by 45 deg. and 
shop-welded to the shaft, would probably make a 
simpler and better job. While standard details 
for riveted construction are included in most of 
the well-known handbooks, similar information on 
welded details is still scanty and scattered. It can 


be expected, therefore, that this series of memor- 
anda, if further developed and giving complete 
dimensions, will greatly facilitate the draughtsman’s 
routine work. 





THE EFFECT OF RATE OF 
STRAIN ON MILD STEEL. 
By R. P. Anprew, B.A. 


THE experiments described below were carried 
out at the Engineering Department, Cambridge 
University, in connection with an investigation 
under the direction of Professor J. F. Baker for the 
Admiralty Ship-Welding Sub-Committee. The 
object was to determine the effect of rate of strain 
on the ductility of mild steel. Previous work has 
shown that yield strength is considerably increased, 
ultimate strength less so, and elongation little 
changed by increased rates of loading in the tensile 
test. In impact, a similar increase has been 
observed. In notched-bar tests, while the ultimate 
strength may be raised, the ductility, as measured 
by the reduction in area, may be lowered. This 
effect is closely related to that of strain rate, in 
that, due to the notch, the strain is highly localised, 
and thus the strain rate at the notch is much 
increased. 

The machine in which the present experiments 
have been made has been described by Lean and 
Quinney,* who also carried out tests in it, and 
also by Ginns.t Specimens of effective length, 
1} in. and diameter } in., were used, one end being 
screwed into a shackle suspended from the top of the 
frame of the machine. The other end was screwed 
into a ball grip, to ensure axial loading. This ball 
was gripped in a saddle fastened to the middle of a 
| beam spring. The method of testing was to raise 
| the spring, and screw the specimen just tight. The 
spring was then released, putting the specimen 
into tension and fracturing it in a very short period 
of time, varying from about 44 milliseconds for the 
unnotched specimens without impact, to something 
considerably smaller for the notched specimens 
under impact. 

The maximum load applied to the specimen was 
measured by having in series with it a small cylinder 
of copper, ¥ in. in diameter and # in. in length, 
later referred to as a “copper crusher.” The 
arrangement is shown diagrammatically by the 
sketch reproduced in Fig. 1, on page 172. A new 
copper crusher was used with each specimen, and a 
calibration curve was previously obtained by com- 
pressing a set of the crushers in an ordinary beam- 
| type compression machine, and plotting decrease in 
| length against the load applied. Experiments have 
| shown that the properties of the crushers are the 
| same under static and dynamic loading conditions in 
| the range concerned, so that measuring the decrease 
|in length of the crusher gave directly the load to 
| which it had been subjected, which was equal to the 
| high-speed tests. 

In order to investigate more fully the exact 
process of fracture, an attempt was made io take 
high-speed photographs of the specimen while 
undergoing test. For this purpose, a ‘ Super- 
Stroboscope ”*{ was used, kindly lent by Messrs. 
G. D. Peters, Limited, of Slough. It was found 
necessary to prevent any vibrations set up by the 
release of the spring of the testing-machine from 
reaching the Super-Stroboscope, and this was done 
successfully by placing the instrument on a platform 
suspended from the roof by two sets of strings. 

In attempts to photograph the specimen directly 
while under test, it was found that the highest 
rate at which separate images could be obtained 
was only about 120 images per second, and in these 
photographs it could be seen that the specimens 
broke between successive images. It was later 
decided to use the Super-Stroboscope to give a 
deflection-time curve for the spring, as knowing 
the spring characteristic, the energy used in frac- 
turing the specimen could be deduced. Accordingly, 
a polished-steel ball of about ¥-in. diameter was 
fixed on to the saddle on the spring which holds 
the lower gripping device. On to this ball was 





* “The Development of a Machine for High-Speed 
Testing of Materials.”” R. J. Lean and H. Quinney, Proc. 
Inst. Mech. Eng., vol. 135, pages 467-483 (1937). 

t “‘ Mechanical Properties of some Metals and Alloys 
Broken at Ultra-High Speeds.” D. W. Ginns, Jl. Inst. 
Metals, vol. 61, pages 61-71 (1937). 

t “ Scientific Instruments and Apparatus.”’ The 
. Engineer, vol. 169, pages 402-403 (1940). 
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focused a Pointolite lamp of 500 candle-power> 
thus giving a very bright spot of light having the 
same movement as the centre of the beam spring. 
The Super-Stroboscope was placed on its suspended 
platform so as to photograph the movements of 
this spot of light. Fig. 2 shows the type of record 
obtained. 

In order to obtain measurements from these 
records, the negatives, which were on 35-mm. film, 
were magnified ten times on a Hilger projector, 


TaBLE I.~—Analyses of Steels Used for Tesis. 








— | E.B. | E.R. 
Carbon, per cent 0-15 0-23 
CS per cent 0-71 0-36 
Silicon, per cent. 0-254 0-01 
Sulphur, per cent. 0-054 0-027 
Phosphorus, per cent 0-044 0-017 
Nickel, per cent. 0-05 _- 
Chromium, per cent. 0-01 _ 
Copper, per cent. _ 0-12 





TABLE II.—Tesis on Steel E.B. 
(Vacuum -normalised. ) 





























Valves El Red 
elocity! .7.3, cap il uc- | Ener 
of Tons per tion per | tion in Absorbed Fracture. 
Spring, sq. in centover| Area, |"in ft. Ib. 
ft. per oe’ \Shoulders.| Per cent. 
sec. 
(v) 
Un-notched specimens. 
0 30-2 25-2 68-8 — Fibrous. 
0 30-7 36-6 67-8 — Fibrous. 
0 32-3 29-0 67-8 _ Fibrous. 
0 33-5 26-0 69-0 72-7 | Fibrous. 
9-8 32-8 22-8 70-0 ~- Fibrous. 
9-8 32-1 28-6 68-0 _ Fibrous. 
9-8 35-1 28-2 69-1 — Fibrous 
Notched ¥ in. 
0 45-9 8-1 39-9 33-0 | Cryst. with 
fibrous zone. 
9-8 43-7 13-6 42-7 — Cryst. fib. 
9-8 43-4 15-3 42-0 59-4 Cryst. fib. 
Notched x in. 
0 49-6 7-9 35-3 22-0 | Cryst. fib. 
9°8 50-4 8-1 | 42-0 _— Cryst. fib. 
9-8 50-4 7-7 34-9 39-3 Crsyt. fib. 
Specimens Tested in Normal Testing Machine. 
-in. 40-5 14-6 36-1 | _ Fib. with 
notch cryst. zone. 
-in. 44-0 9-7 39-3 | —_ Cryst. fib. 

















Normal tensile test (un-notched). 
Yield, 15-2 tons per sq. in; U.T.S., 24-9 tons per sq. in. ; 
E]., 29-5 per cent on 8in.; R. in A., 69 per cent. 
TABLE III.—Tests on Steel E.R. 
(Vacuum-normalised.) 


























| 
Initial . | _ 
Velocity, |, Elonga- uc- 
U.T.S. Energy 
of tion per | tionin 
Spring, —— cent. over| Area, a Fracture. 
ft. per q-'2. | Shoulders.| Per cent. — 
sec. 
(v) 
On-notched specimens 
0 3-5 21-1 55-9 —  , Fibrous. 
0 34-6 31-6 53-6 = Fibrous. 
0 36-9 22-9 59-3 62-6 Fibrous. 
9-8 3-3 23-2 60-0 69-8 Fibrous. 
9-8 0 15-4 53-4 _ Fibrous. 
Notched x in. 
0 45-1 | 5-8 ; 16-7 20-8 | Crystalline. 
9s | 45 1 6-7 | 19-2 | 26-8 | Crystalline. 
Notched % in. 
0 | 52-2 4-0 15-1 | 12-7 | Crystalline. 
9°8 52-6 2-9 16-6 | 15-8 | Crystalline. 
Specimens Tested in Normal Testing Machine. 
x-in. 38-1 9-4 36-1 —_ Cryst. with 
notch fibrous zone 
+-in. 40-7 5-2 15-3 — Crystalline. 
notch 




















Normal Tensile Test (Un-notched). 

Yield, 15-9 tons per sq. in.; U.T.S., 28-9 tons per sq. in.; 
El., 42 per cent. on 2in.; R.in A., 51 per cent. 
and tracings of the curves were made. Measure- 
ments were made from these tracings. Since the 
load-deflection curve for the beam spring was 
known, and since the original maximum upward 
deflection of the spring was known, the original 
energy content of the spring at the instant of 
release could be calculated. From records of the 
free vibration of the spring, the energy content at 
the end of the first downward movement was 
calculated. The corresponding energy content after 
the fracture of a specimen was found, and the 
difference between these figures taken. From this 


crusher, giving the energy absorbed by the speci- 
men alone. This is the value set out in Tables 
II and III. It will be noted that only in compara- 
tively few of the specimens has the absorbed energy 
been recorded, owing to the fact that this technique 
was developed rather late in the series of tests. 

In some of the tests, the specimen was not screwed 
up tight before the spring was released. By leaving 
some slack, the specimen was not put into tension 
immediately the spring was released, but some little 
time later, when the spring had acquired a definite 
velocity, thus subjecting the specimen to impact. 
The amount of slack was adjusted by raising the 
spring by an amount equal to the difference between 
the maximum deflection and the amount of slack 
required, inserting the specimen and screwing it up 
just tight, and then raising the spring to its full 
deflection. Hence, the frequency and amplitude of 
the spring being known, the impact velocity could 
be calculated from the amount of slack. The 
common velocity of the spring and the specimen 
just after impact was obtained from the momenta 
of the masses involved, and this is the velocity 
recorded as v in Tables II and III. 











Release 


ef Spring , 
te. + _— Mean Position 


Fig, 2. 





mens, and the reduction in area figures for the 
notched specimens were based on the values of 
the minimum diameter at the notch before and after 
test. Stresses were calculated on the original 
minimum cross-sectional area. The results are 
set out in Tables II and III. 

Finally, four specimens were tested in an ordinary 
beam-type tensile testing machine; two of E.B.,, 
with y4-in. and y-in. notches respectively, and 
two of E.R., with ,4-in. and 4-in. notches respec. 
tively. In these tests, a measuring microscope 
was set up, and readings taken of the distances 
between both the shoulders of the specimen and the 
edges of the notch after each increment of load, 
so that the extension, both of the specimen as a 
whole and of just the notch itself, could be calcu- 
lated. This was done for each specimen, readings 
being taken at intervals of 0-1 ton in the early 
stages, and 0-05 ton in the later stages of the tests, 
Load-extension curves were plotted for each speci- 
men. 

The load-extension curves for the static tensile 
tests on E.B. suggest that the yield at the notched 
section in the static notch tensile tests may be 
delayed, the yield vaiues being 20-4 tons per square 
inch and 22-5 tons per square inch in the test- 
pieces with -in. and y-in. notches respectively, 
compared with 15-2 tons per square inch in the 
un-notched static tensile test. This effect may be 
partly due, however, to the difficulty of detecting 
the yield of such a short length as first yields at 
the notched section. The uniform section yields at 
a stress value much lower than that at the notched 
section, being 17-4 tons per square inch and only 
13-6 tons per square inch respectively, suggesting 
that once yielding has commenced, it may run into 
metal stressed below its yield stress. 

For the high-speed tests, impact had very little 
effect upon the reduction in area. There is, however, 
a considerable difference between the reduction in 
area figures with and without a notch, the former 
being the smaller. This effect is rather more 
marked in the case of the steel E.R. The ultimate 


| tensile strength shows a steady increase with 


increased depth of notch, being approximately iden- 
tical for both E.B. and E.R. steels. Comparing 
the static tests with the dynamic ones, the ultimate 
tensile strength also shows an increase with increased 
rates of straining, thereby supporting the theory 
that the greatest effect of a notch is that of increasing 
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A correction must now be made to the load- 
decrement curve of the copper crushers, since the 
load deforming the crusher consists of two parts: | 
one, the load taken by the specimen; the other, | 
the force required to bring the upper shackling 
device to rest from a velocity v. The latter must be 
subtracted from the load as given by the crusher 
to give the load taken by the specimen itself. A 
further correction to the absorbed energy figures 
must also be made in the case of these impact 
tests, as a certain amount of energy is lost in the 
impact itself in the form of heat and sound. This 
can readily be calculated from the available data. 

The test specimens used were machined from two 
different steels. One, E.B., was a low-carbon mild 
steel which was in stock in the laboratory stores. 
The E.B. specimens were machined from }-in. bar. 
The other steel, E.R., was part of a mild-steel ship 
plate which had fractured in a brittle manner in 
service. Analyses of the two steels are given in 
Table I. Three shapes of test-piece were used, all 
of which had a minimum diameter of } in. One 
set was unnotched, and the other two sets had, 
respectively, y,-in. and y-in. deep circumferential 
V notches, the included angle of the notch being 
90 deg. in each case. All the specimens were 
heated in vacuo to 930 deg. C. after machining, so 
as to eliminate any strains in the metal. 

Before test, each specimen was placed in the 
Hilger projector, and a tracing was made of the 
outline of the specimen ten times full size. The 
same procedure was followed after test, the broken 
pieces being placed in the projector, and measure- 
ments were taken from these tracings. Elongations 











was subtracted the energy absorbed by the copper 








were measured between the shoulders of the speci- 


the strain-rate. 

The absorption of energy figures, on the other 
hand, while also showing a considerable fall with 
increasing notch depth, show a consistent increase 
with increased speed of testing. A possible explana- 
tion is that yielding is delayed in the dynamic test 
until the maximum load is reached, and that all the 
deformation takes place at a load value approxi- 
mately equal to the maximum, thus giving 4 
greater value to the energy absorbed. This effect, 
of course, would be completely dwarfed by the effect 
of the notch in reducing the absorbed energy due to 
the localising of the deformation at the notch. 
Comparing the static and dynamic tests with a 
#y-in. notch, there is a very marked drop in the 
reduction in area in the dynamic tests for steel E.R., 
while for E.B. there is a distinct rise. There is 
very little variation for the 4-in. notch. This same 
effect is true of the elongation figures. 

These results are in general agreement with those 
of H. Scheele,* who says that at his highest rates of 
straining, 300,000 per cent. per second, the ultimate 
breaking stress of notched steel specimens was 
increased from 97 to 144 kg. per square millimetre, 
and the reduction in area was reduced from 48 per 
cent. to 34-9 per cent. The appearances of the 
fractures of the specimens confirm that increased 
rates of strain do increase the tendency of a steel 
towards failure in a brittle manner. 

The author would like to express thanks to Pro- 
fessor J. F. Baker, O.B.E., M.A., Sc.D., for encour- 
agement during this work, and to Mrs. C. F. Tipper, 
M.A., D.Sc., by whom the work was suggested. 
Thanks are also due to the Director of Scientific 
Research, Admiralty, for permission to publish the 
above abridged version of the report on this work. 





* “Tensile Tests with the Prevention of Slip.” H. 
Scheele. Archiv. fiir das Hisenhiittenwesen, vol. 14, pages 
513-502 (1941). 
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ITALIAN SHIPBUILDING AND 
MARINE ENGINEERING. 


Amona the questions involved in the economic 
reconstruction of Italy is that of the reorganisation 
of Italian maritime activities so as to enable the 
country to earn the necessary currency to buy food- 
stuffs and raw materials abroad. The dream of Musso- 
lini, to have a mercantile marine competing in the 
international passenger trade, etc., proved to be a 
danger to the existence of Italian shipping, since the 
race between the big Italian lines to build ever larger 
vessels would have rendered them bankrupt if the Gov- 
ernment had not intervened financially by forming the 
Societa Finanziaria Marittima. This organisation 
secured control of the leading Italian lines in 1938, 
but its intervention only hindered the sound develop- 
ment of the private shipping business. The new Italy’s 
mercantile marine, so far as can be judged from the 
information regarding the programmes worked out 
by leading Italian shipowners, should be based particu- 
larly on the development of coastwise shipping in the 
Mediterranean with vessels of between 1,000 tons and 
3,000 tons deadweight, accommodating from 12 to 24 
passengers, and having a speed between 12 knots and 
16 knots; and on the construction of cargo liners, 
initially between 7,000 tons and 10,000 tons dead- 
weight, with a speed of 15 knots to 17 knots. A fleet 
of such vessels would meet the requirements of Italian 
import and export trade and be able to compete on 
the international trade routes and thus secure the 
necessary currency to pay the freights charged by 
foreign shipowners trading to Italian ports. 

To judge appropriately the present situation of the 
Italian shipbuilding and marine engineering industry, 
it is necessary to take into consideration the above 
prospects of orders from Italian shipowners, though 
Italian shipbuilders do not ignore the possibility of 
foreign orders. At present, the industry has a yearly 
output capacity of about 200,000 tons deadweight, and 
is concentrated on the following shipbuilding plants. 

The Societa Anonima Ansaldo have, at their Sestri 
shipyard at Genoa, 11 berths for the construction of 
vessels from 1,000 to 50,000 gross tons. The berths 
are served by some 33 overhead-ropeway cranes and 
three hammer-head cranes, the latter serving the 
smaller berths. The Cerusa shipyard, also at Genoa, 
has five berths for the construction of vessels of medium 
and small size. There is also a fitting shop, with 
adjacent quay, at Sampierdarena, Genoa, and a 
machine shop to undertake the engineering work of 
the Ansaldo concern. Altogether, the firm own ten 
large plants, employing at present 30,000 workmen. 
Since the end of the war, the Ansaldo firm have launched 
the motor liner Ferruccio Buonapace, of 9,000 tons 
deadweight, fitted with a nine-cylinder Fiat double- 
acting two-stroke engine of 9,000 brake horse-power, 
and three motor tankers of the Giacomo Matteotti 
type, of 9,000 tons, all fitted with Fiat engines. In 
addition, they have built several vessels of between 
1,000 tons and 2,000 tons, some for Italian and some 
for foreign owners. They have in hand further orders 
for 9,000-ton liners of the Ferruccio Buonapace type, 
and two 9,000-ton liners for Norwegian shipowners, 
and are negotiating for three 10,000-ton motor liners 
for Turkey, as well as for about a dozen ships of various 
sizes for Belgium ; the last-mentioned order, however, 
has not yet been approved by the General Confedera- 
tion of Italian Industries, who refuse to accept iron 
and steel in payment, as it is claimed that Italy can 
produce these materials. It seems to be forgotten, 
however, that Italian steel costs at least 50 per cent. 
more than American steel. The Sestri and Cerusa 
yards have not been damaged by the war. 

The Cantieri Riuniti dell’ Adriatico is an amalgama- 
tion of the Cantiere Navale Triestino, the Stabilimento 
Tecnico Triestino and the Cantiere San Rocco, and 
possesses three widely dispersed shipyards, namely, 
the Monfalcone, the San Marco and the San Rocco 
yards, aggregating 18 slips, capable of building ships 
of any type and size up to 50,000 gross tons. There 
are also an engineering works, the Fabbrica Macchine 
Sant’ Andrea, where Diesel engines, turbines and all 
types of reciprocating steam engines up to the highest 
powers are made, as well as boilers, and iron and brass 
castings; and an electrical engineering works, the 
Officine Elettromeccaniche di Monfalcone, producing 
electric motors, transformers, electric-welding plants, 
etc. In addition, there is a bridge and crane shop, 
which also makes ships’ auxiliaries. The Cantieri 
Riuniti dell’ Adriatico control also the Cantieri Navali 
e Officine Meccaniche di Venezia, and the Societa 
Anonima Veneziana Esercizio Bacini, both situated at 
Venice, the Societa Anonima Fonderie & Officine di 
Gorizia, at Gorizia ; the Cantiere Navale Scoglio Olivi, at 
Pola; and the Societa a g.1. Gas Compressi, at Trieste. 

Of the nominal fully-paid shate capital of the Cantieri 
Riuniti dell’Adriatico, amounting to 200,000,000 lire, 
65 per cent. is held by the Istituto per la Ricostruzione 
Industriale, of Rome, and the rest is held privately. 
These yards have been severely hit during the war, 








having had 70 per cent. of their plant destroyed or 
damaged and the output of the other shops reduced 
to 20 per cent. during the air raids. Now, however, 
much of the damage has been repaired, and the potential 
output of the C.R.D.A. is restored to about 50 per cent. 
of the pre-war production. The complete repairs 
will involve an expenditure of 6,000 million lire, but 
considerable difficulty is being found in financing the 
scheme; not only because of doubt whether the 
capacity of the Italian shipbuilding industry would not 
exceed the future needs of the Italian mercantile 
marine, but because of the difficult financial position of 
Italian shipowners, the slow liquidation of the war 
damages by the Italian Government, and the fact that 
the new political situation in the Trieste zone upsets 
the complete and self-contained building system 
organised by the Cantieri Riuniti dell’Adriatico. While 
the Monfalcone yard is to remain in Italy, the Cantiere 
San Marco, the Cantiere San Rocco, and the Fabbrica 
Macchine San Andrea are in the international zone, 
with the result that, to engine a ship, the Monfalcone 
shipyard will be forced to pay duty on the machinery 
imported from their own Trieste plants. At present, 
there are under construction by the Cantieri Riuniti 
dell’Adriatico the following vessels: two 9,000-ton 
motor vessels for Norwegian owners; a cargo and 
passenger motorship of 9,000 gross tons, a tanker of 
12,000 tons net. three tankers of 9,000 tons net, and 
five 1,000-ton cargo motorships. Some repair work 
for Italian shipowners is also being done, and some 
conversion work on aircraft carriers for Great Britain ; 
but it is evident that such work cannot fully employ 
a concern which used to employ between 20,000 and 
25,000 workmen. 

The Odero-Terni-Orlando group of shipbuilding and 
marine engineering establishments includes the follow- 
ing plants: the Cantiere di Genova Sestri, with three 
berths, a special shop for the construction of high-power 
steam turbines, and a marine Diesel-engine works, 
which has been building under a Sulzer licence; the 
Cantiere del Muggiano, at La Spezia, which can build 
eight vessels simultaneously and has a berth 330 m. 
in length, and a covered berth 105 m. long; the 
Cantieri di Livorno, which has five berths, of which 
one is 250 m. long, a dry dock, engine shops, etc. ; 
and the machine shops which formerly constituted the 
Vickers-Terni plants at La Spezia, built during the 
first world war. While the Leghorn yard has been 
totally destroyed, those at La Spezia and Genoa have 
been only slightly damaged; in fact, early this year, 
the Muggiano yard launched, for the Tirrenia Line, the 
cargo and passenger motor vessel Giosué Borsi, the 
first of 11 vessels of 4,200 tons each, fitted with 6,000- 
brake horse-power Fiat Diesel machinery, and has still 
on order about 20,000 tons of merchant shipping for 
Italian owners, in addition to much repair and conver- 
sion work. Meanwhile, associations with Latin 
America are being resumed, especially in Brazil and 
Argentina, for which countries the Odero-Terni- 
Orlando combine has built ships in the past. 

The Cantiere Navale Franco-Tosi, at Taranto, has 
an engine works, building steam and Diesel ships at 
Legnano, capable of constructing high-speed super- 
heated-steam turbine sets and Diesel machinery up to 
15,000 h.p. ; and a shipyard at Taranto, with 11 berths, 
one of which is 160 m. long and three are 140 m. in 
length. Altogether, the Taranto yard covers about 
50,000 sq. m., and is fitted with up-to-date machinery. 
During the past few years, the Taranto yard has greatly 
increased the use of electric welding, especially for 
ships’ hulls, as has been done also by the Cantieri 
Riuniti dell’ Adriatico. 

The shipbuilding yards of the Cantieri Navali Riuniti 
and Cantieri del Tirreno, together with the Ente Bacini, 
operating the dry-docking facilities in the port of Genoa, 
are controlled by the Piaggio group and include the 
shipbuilding yards and the engineering plants of 
Ancona, Palermo and Riva Trigoso (Genoa) in addition 
to the engineering works at Genoa attached to the 
Ente Bacini, which is engaged in the general repairs 
of vessels in dry dock. Air raids practically paralysed 
all the shipyards of this group, but since April, 1945, 
they have been partly reconstructed, and orders for 
medium-sized vessels and for repair work can now be 
undertaken. The following summary indicates the 
capacity and equipment of these shipbuilding and 
engineering plants, which, together with the Cantieri 
Franco Tosi, at Taranto, the Cantieri del Mediterraneo, 
at Pietra Ligure, the Breda yards, at Venice, and a few 
smaller shipbuilding concerns started during the war, 
represent the only Italian shipbuilding establishments 
which have remained in private hands ; at least 65 per 
cent. of the capital of the remainder is controlled by 
the Government. The Cantiere di Ancona has five 
berths, one being 200 m. long. and is equipped to 
build high-powered steam propelling machinery, and 
Diesel propelling machinery of medium power, ships’ 
auxiliaries, and to undertake repairs to ships and to 
railway rolling stock, etc. The Cantiere di Palermo 
has five berths, and a dry-dock 171 m. long and 7-60 m. 
in breadth. The yard has a railway rolling-stock 
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department, and, before the recent world war, cargo 
and passenger vessels of a deadweight capacity up to 
10,000 tons were built there. Much of the repair work 
on vessels trading between Gibraltar and Suez, and 
Gibraltar and the Dardanelles, was formerly carried out 
in Palermo. The yard has engineering shops specialis- 
ing in the construction of engine and deck auxiliaries. 
The Cantiere Navale di Riva Trigoso, with eight wall 
berths on which vessels up to 200 metres long could be 
built, has also engineering shops suitable for the con- 
struction of reciprocating steam engines, high-power 
steam turbines, and auxiliaries, and a foundry produc- 
ing iron and bronze castings. The Genoa Engineering 
Works is equipped especially for ship repairing. 

In addition, as previously mentioned, there are the 
Cantieri Franco Tosi, at Taranto, and the Cantieri del 
Mediterraneo, connected with the Messina Line, which 
have done good work recently in the building of 
coastwise tonnage at the Pietra Ligure shipbuilding 
yard. Some ten vessels of 1,000 tons deadweight have 
been completed for various Italian shipowners, and 
there are under construction four 16-knot cargo and 
passenger vessels of 2,400 tons deadweight and two 
700-ton vessels. The Breda yard at Venice has com- 
pleted two vessels of 2,000 tons, one of which has been 
employed on the Genoa-Istambul service. 

There must be included, also, in the Italian ship- 
building facilities the Royal Naval Arsenals at Castel- 
lammare di Stabia, Taranto and Venice, which have to 
be demobilised in view of the reduction of the Italian 
Navy. This indicates that there is no hope of main- 
taining a sound Italian shipbuilding industry without 
some rationalisation of the various yards with the 
object of eliminating obsolete equipment. This is con- 
firmed by the attitude of the leaders of the Piaggio 
group, who are looking ahead and considering already a 
fusion of the Cantieri Navali Riuniti, the Cantieri del 
Tirreno and the Ente Bacini into a single unit so as to 
reduce construction costs, which are still higher than 
in Great Britain ; a 9,000-ton cargo vessel would cost 
320,0001. in Italy against 300,000/. quoted by British 
yards. This difficulty is not confined to the shipbuild- 
ing industry but covers also marine engineering and, 
above all, the Diesel engineering works, the importance 
of which has grown greatly during the war. The 
Italian Government worked out a programme for the 
construction of about 500 coasters to maintain the 
trade between Italy and the north-east African coasts. 
The Fiat Diesel Engine Works in Turin and the Fab- 
brica Macchine Sant’ Andrea, at Trieste, together with 
the Stabilimento Meccanico Ansaldo, at Genoa (building 
under Fiat licence), the Tosi Diesel Engine Works at 
Legnano, and the Fabbrica Macchine Sant’ Andrea, at 
Trieste (with Sulzer and Burmeister and Wain licences) 
made great efforts to standardise Diesel machinery, 
both for the higher powers and for vessels of between 
700 and 1,000 tons. 

While the Fiat Works in Turin, the Stabilimento 
Meccanico Ansaldo, and the engineering works at 
Legnano of the S.A. Franco Tosi have not been seriously 
damaged by the war, the capacity of the Fabbrica 
Macchina San Andrea, at Trieste, has been reduced by 
60 per cent. Obviously, the ability of the Turin, Genoa 
and Legnano works facilitate Italian shipbuilding yards 
to guarantee delivery even in six or eight months of ships 
which cannot be obtained elsewhere even in two years, 
explains why certain foreign shipowners are willing to 
order tonnage from Italian yards. 

In the coasters and other vessels intended for service 
between Italy and North Africa, the Italian Diesel- 
engine builders adopted powers up to 5,000 brake horse- 
power in single-acting engines ; over 5,000 h.p. double- 
acting engines have been employed. While Tosi fitted 
a single-acting engine of 1,800 brake horse-power in 
the series of vessels of 2,500 tons deadweight, the Fiat 
Company used a standard type of single-acting engine 
which, in normal service, could develop about 4,500 h.p. 
at 130 to 135 r.p.m. This engine has eight cylinders, 
680 mm. in diameter and 1,100 mm. stroke, with 
scavenging pumps directly coupled. At the normal 
output the mean effective pressure is 4-8 kg. per square 
centimetre and the piston speed 5 metres per second, 
but the power can be increased without difficulty to 
6,400 brake horse-power. About 25 sets of this type 
of propelling machinery have been completed at the 
Turin Fiat Diesel-engine works, or under licence at 
Trieste or Genoa, for the 4,200-ton deadweight ships 
ordered by the Tirrenia Line for their North Sea Service. 
The latest of these sets are for the M.V. Giosué Borsi, 
mentioned above as having been completed at the 
Muggiano yard of the Odero-Terni-Orlando company, 
and the 10,000-ton deadweight cargo linets, built for 
several Italian tramp owners. These vessels have 
attained a speed of 16 knots on trials. 

Two similar vessels have been fitted with Tosi single- 
acting Diesel engines which, on sea trials, have 
developed 6,200 h.p. They have eight cylinders, 
700 mm. bore and 1,000 mm. stroke, and have a normal 
rating of 4,000 brake horse-power at 115 r.p.m. The 
engine developed 6,200 h.p. at 145 r.p.m., with a 
mean effective. pressure of 5-67 kg. per square centi- 
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metre. These Tosi engines have most of the auxiliaries 
driven directly from the main engine. The independent 
auxiliaries are the air compressor, an oil pump, three 
oil separators, an hand oil pump, and the deck auxi- 
liaries. 

The Stabilimento Grandi Motori Fiat, at Turin, 
have standardised their double-acting engines on 
cylinder dimensions of 640 mm. diameter and 1,160 mm. 
stroke, giving 850 h.p. per cylinder in normal service 
and a maximum of 1,300 h.p. With this cylinder 
as a unit, Fiat have built engines with five, six, seven 
and nine cylinders, with direct-driven scavenge pumps, 
their normal] ratings ranging from 4,200 to 9,600 h.p. 
This is the type of engine that is being fitted in the 
liner Ferruccio Buonapace, recently launched from the 
Ansaldo yard at Genoa. There are two fuel pumps 
for each cylinder, one for the upper end and one for 
the lower end. In the nine-cylinder engines, the cylin- 
ders are divided into two groups. The Fiat Company 
have now built 37 engines of this type, and nine nine- 
cylinder engines have been bnilt under licence by the 
Fabbrica Macchine Sant’Andrea. Some of the latter 
are not yet installed, as the vessels are not completed. 

It will be seen that the Italian marine Diesel-engine 
industry has a capacity of about 100 to 150 sets of 
propelling machinery a year, with an aggregate power 
of about 400,000 h.p., which is more than the Italian 
shipbuilding industry can absorb on the basis of an 
output of 150,000 tons a year. It is obviously desir- 
able, therefore, that some rationalisation of the industry 
should be undertaken, with the view to exploiting the 
best of the Italian Diesel engineering organisation and 
eliminating the obsolete part of it, which has greatly 
expanded during the war under the pressure of the 
Italian Government’s programmes. 





LECTURES ON FUELS AND 
COMBUSTION. 


Two series of lectures on fuels and combustion will 
be given weekly throughout the 1946-47 session in 
the Department of Applied Chemistry, Northampton 
Polytechnic, St. John-street, London, E.C.1. Each 
lecture will be followed by discussion. The first series, 
of 30 lectures, will deal with “‘ Combustion and Furnace 
Practice ” and the first lecture will start at 7 p.m., on 
Tuesday, October 8; subsequent lectures will be 
delivered on succeeding Tuesdays at the same time. 
The first ten lectures will cover ‘“ Principles of Com- 
bustion and their Relation to Furnace Design,” and 
the lecturer will be Mr. J. E. Law, who will also 
deliver the subsequent ten lectures on “‘ Furnace 
Practice.” At the conclusion of these 20 lectures, 
Mr. S. C. Fox will deliver eight lectures on “ Steam 
Raising in Boilers for Process Work and Heating,” and 
finally, Mr. C. J. Hasler will give two lectures on the 
subject of “* Water Conditioning and Control.” 

The second series of 30 lectures will commence on 
Thursday, October 10, at 7 p.m., and will continue 
thereafter every Thursday at this time. The general 
subject of the series is “The Occurrence, Production 
and Properties of Solid Fuels,” and the first four lectures 
will deal with ‘‘ The Origin, Distribution and Consti- 
tution of Solid Fuels”; the lecturers will be Drs. 
L. Horton and R. B. Randall. The fifth, sixth and 
seventh lectures, by Dr. E. T. Wilkins, will cover 
“The Preparation of Coal for the Market,” and the 
eighth and ninth, by Dr. H. E. Newall, will deal with 
‘* The Behaviour of Coal on Heating: Bulk Storage.” 
Lectures No. 10 to No. 13 will treat of “‘ Carbonisation 
of Coal: (a) Gasworks’ Practice; (b) Coke-Oven 
Practice,” the lecturer being Mr. H. Bardgett, and in 
lectures Nos. 14 and 15 the subject of “‘ Carbonisation 
of Coal: (c) Low-Temperature Carbonisation ”’ will be 
dealt with by Mr. D. MacDougal, O.B.E. Dr. C. M. 
Cawley, O.B.E., will deal with ‘‘ By-Products of Coal 
Carbonisation’ in the sixteenth, seventeenth and 
eighteenth lectures, and Mr. A. Fitton with “ Coal and 
Coke for Industriait Furnaces and Producers ” in the 
nineteenth and twentieth lectures. Lectures Nos. 21 
and 22 will cover ‘‘ Coa! and Coke for Domestic Pur- 

” and will be by Mr. R. H. Rowse, while No. 23, 
on “ Hydrogenation,” will be by Dr. C. M. Cawley. 
‘‘The Fischer-Tropsch Process’ will be the subject 
of the twenty-fourth and twenty-fifth lectures by Dr. 
S. R. Craxford, and “ The Occurrence, Winning, Har- 
vesting and Treatment of Peat” that of the twenty- 
sixth lecture by Mr. D. MacDougal. The last four 
lectures of the second series (Nos. 27 to 30) on “‘ Methods 
of Analysis of Solid Fuels,” will be by Mr. L. J. 
Edgcombe.. The fee for either series of lectures is 
21s., and admission is by personal enrolment at the 
offices of the Polytechnic. 





PurcHAsSE TAX ON CLOTHES LOCKERS.—The Treasury 
have given notice that they propose to make an Order 
under Section 20 of the Finance (No. 2) Act, 1940, 


Ana 





directing that, as from a date to be sp +P 
tax shall cease to be chargeable on metal clothes 
lockers of a kind installed in cloakrooms. 


AUSTRALIAN WATER RESOURCES. 


In a paper on “ Australian Water Resources,” which 
is published in the Journal of the Institution of Engi- 
neers of Australia for March, 1946, Mr. J. D. Lang 
states that Australia’s average rainfall is only 18 in. 
per annum. Queensland, Victoria, New South Wales 
and the Northern Territory are above the average, 
with 24-68 in., 23-85 in., 19-09 in. and 18-97 in., 
respectively, while Western Australia has 14-05 in. 
and South Australia 9-18 in. The rainfall of Tasmania 
is 41-57 in. Only 32 per cent. of the continent, how- 
ever, has an annual rainfall greater than 20 in., while 
36 per cent. has less than 10 in. The south-east trade 
winds are responsible for the heavy and frequent rains 
in the north-eastern coastal districts of Queensland. 
The prevailing westerly winds, which skirt the southern 
coast line, produce similar heavy rains in the west of 
Tasmania, and contribute to the lighter, but fairly 
reliable, rains which occur in the south-western portion 
of Western Australia, the agricultural areas of South 
Australia, and a large part of Victoria. 

No fact about Australia is more impressive than its 
lack of rivers. Perennial streams are restricted to a 
comparatively narrow strip along the northern and 
eastern coasts and to a small area in the extreme south- 
west round Perth. The Murray basin contains the 
only extensive river system worthy of the name, but 
even the Murray occasionally ceases to flow. The 
remaining rivers are coastal streams and are more or 
less perennial, except in the north-west. The region 
of “ No rivers ’’ in the west central part of the continent 
actually includes a number of watercourses which, 
however, only persist for short distances. The large 
volumes of water carried by them after heavy rain 
spread over the country and rapidly disappear by 
soakage and evaporation. The riverless area reaches 
the coast in two places, about 450 miles of coastline, 
embracing the Ninety Mile Beach, in the north-west, 
and 1,200 miles of coastline in the Great Australian 
Bight being dry. 

The Murray Basin, with one-seventh of the Common- 
wealth’s area, accounts for just over one-quarter of the 
total length of rivers. This basin, with an area of 
414,000 square miles and an average annual rainfall of 
17 in., however, only yields a meagre 10-million acre-feet 
per annum. Only a few of the northern streams and 
the Murray are navigable for any distance, and the 
Murray is the only river which has carried any organised 
river traffic. There are 790 lakes in Australia and 
these are of three general types. The first are true 
permanent lakes. These are usually tectonic or 
morainic in origin, and are restricted to the Eastern 
Highlands and Tasmania. Most of these lakes are 
fairly small and with the exception of Tasmania have 
only very local use as sources of water supply. The 
second type become mere motasses in dry seasons, or 
even dry up and finally present a cracked surface 
of salt and dry mud. With this type must be classed 
the dry lakes and salt pans of Central and Western 
Australia. These are often of great extent, and although 
of possible economic value, due to the salt and gypsum 
deposits associated with them, are of no value as 
sources of water. The last type includes lakes which 
are really ocean inlets, such as the Gippsland lakes of 
Victoria and Lake Alexandrina of South Australia. 
They are of no value as regards water supply. 

Australia has the distinction of possessing the largest 
artesian basin in the world, as well as a number of 
smaller basins. Underground water is obtainable from 
these sources over about one-third of the area of the 
continent. It is these underground supplies which have 
made pastoral settlements, and even the mining opera- 
tions of the inland, possible. The quantity and quality 
of the water yielded from bores in the artesian areas 
varies considerably, while the temperature varies from 
that of the earth’s surface to 212 deg. F. 

As regards regional hydrology, the South-East 
Region covers about 580,000 square miles and is 
dominated by the Murray Basin. Of the 414,000 
square miles included in the basin, only 158,500 square 
miles, or 38 per cent., with an average rainfall of 
23 in., contribute to the 10 million acre-feet, which 
represent the average annual flow at Lake Victoria. 
The boundary of the contributing area lies roughly 
along the 500-ft. contour and the 20-in. isohyet. Con- 
servation of surface waters and development of artificial 
distribution systems for either domestic or stock 
purposes, or for irrigation, has been restricted to the 
southern portion of the basin, where the streams are 
fed from the high-rainfall area of the south-eastern 
highlands. The coastal rivers are all relatively small, 
but conservation and development of their yield are 
of great importance, since it is from these streams that 
a large proportion of the urban and industrial require- 
ments of Australia must be supplied, as well as the 
usual requirements of the fertile coastal strip. 

The North-East Region comprises some 375,000 
square miles, with an average rainfall of 31 in. The 
Lake Eyre Region covers about 610,000 square miles, 





with an average rainfall of only 9 in., and includes the 





driest portion of Australia. These two regions have 
been much in the news for the past two or three years, 
due to what has become known as the “ Bradfield 
Scheme.” This provided for the conservation of sever] 
of the east coast rivers and the conveyance of water 
so conserved to the west of the divide, there to be 
distributed on the central plains as irrigation water 
and domestic and stock supplies. The yield of the 
inland flowing streams was also to be conserved for 
the same purpose. In addition to the normal benefits 
of irrigation, it has been suggested that evaporation 
from irrigation areas and from inland storage basins 
would increase the natural rainfall of surrounding areas 
and ultimately “ rejuvenate the climate.” The climatic 
effects of these schemes have been investigated recently 
by the Commonwealth Meteorological Bureau with 
negative results 

As a result of an estimate made by the author, it 
seems fairly safe to assume that the resources of the 
Queensland rivers will not exceed 18} million acre-feet 
per annum. It is unlikely, judging from Victorian 
experience, that more than 75 per cent. of this could 
be utilised, while evaporation from storages would 
account for about 1,000,000 acre-feet per annum, thus 
reducing the annual regulated yield to an average of 
13 million acre-feet. As a distribution efficiency of 
only 30 per cent. is not uncommon, not more than 
four million acre-feet per annum would normally be 
available for application to the land. The area, which 
could actually be irrigated with this quantity, would 
be unlikely to exceed 2,000,000 acres, which is only 
about one-sixth of the total area of Queensland. This 
shows that Australia’s water resources have definite 
limitations, and, until this fact is realised, there is a 
grave danger that much valuable time, labour and 
money will be wasted in pursuit of impossible dreams 
of vast irrigation projects covering the arid ‘‘ Inland.” 
In fact, it is unlikely that Australia’s water resources 
will be sufficient to irrigate even 0-25 per cent. of 
Australia’s area. 

The Northern Region covers 350,000 square miles 
and has several fairly substantial rivers. Unfortunately, 
the seasonal fluctuation of flow varies greatly, the 
average annual rainfall of 30 in. occurring principally 
in December, January and February. If this area is 
to be developed, the major problem will not be the 
provision of water, but rather its effective utilisation in 
conjunction with the social, medical and agricultural 
problems always present in tropical areas. The 
Western Region comprises 465,000 square miles with 
an average rainfall of 11 in. In the north-west the 
rivers are dry, except after heavy rains, which occur 
at irregular periods of one to four years. The south- 
west is fairly well watered by streams from the Darling 
Ranges. The Desert Region covers 570,000 square 
miles and its average rainfall has been estimated to be 
about 8in. There are no definite rivers in this region, 
and very little is known of its water resources. 





DISPOSAL OF GOVERNMENT- 
OWNED SHIPS. 


On May 2, the Ministry of Transport issued their 
second invitation to shipowners to tender for the 
purchase or charter of the Government-owned sea-going 
and miscellaneous craft constructed under the various 
war-time shipbuilding programmes. The results of the 
tendering have now been announced by the Ministry. 
The number of vessels and craft on offer totalled 562, 
and of these 405 have been disposed of by sale, charter, 
or sub-charter. The vessels were offered in four groups, 
the first consisting of the newer deep-sea ships, tenders 
for which were acceptable from anyone qualified to own 
a British ship. Transfer from United Kingdom registry 
to that of any nation in the British Commonwealth was 
permissible in replacement of a war-time loss. Of the 
86 ships on offer, 40 were sold at prices in excess of the 
reserve prices, the total received amounting to 
4,886,5001. In the second group, tendering was limited 
to applicants within the British Commonwealth, but 
without any restriction on transfers of registry within 
the Commonwealth. In this group, 125 vessels were 
offered, and the total realised showed an excess of 
1,346,000/. over the basic prices placed upon the 73 
ships sold. The third group, in which 1,282,0001. was 
realised by the sale of 224 craft out of 323 on offer, 
consisted of tugs, barges, and such miscellaneous craft 
as floating cranes, a couple of dredgers, and several 
ferries. Included in this group were a number of the 
all-welded “‘ Tid ” tugs, the construction of which was 
described and illustrated in Mr. R. B. Shepheard’s 
paper on welding developments in shipbuilding practice, 
reprinted on page 198 of our 157th volume (1944). The 
fourth group of ships offered by the Ministry comprised 
a number of Canadian-owned ships, mainly of the 
“Fort” type, which were on charter to the British 
Government ; these were disposed of by sub-charter 
for periods up to two years. It is stated that, of the 
ships and craft remaining, only a few are relatively 








new deep-sea vessels. 
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THE L.N.E.R. ‘*A2’’ CLASS 
PASSENGER LOCOMOTIVES. 


UnpeER the regime of the late Sir Nigel Gresley, 
the London and North Eastern Railway built three 
classes of three-cylinder express passenger locomotives 
with the 4-6-2 (‘‘ Pacific”) wheel arrangement ; 
namely, the Al, with cylinders 20 in. bore and a working 
pressure of 180 lb. per square inch, the A3, with 19-in. 
cylinders and a steam pressure of 220 lb. per square 
inch, and the streamlined A4 class, with 18}-in. 
cylinders and a boiler pressure of 250 Ib. per square 
inch. There were other differences between the three 
classes, notably in the heating surfaces of the firebox, 
boiler tubes and superheater, but those indicated 
serve to distinguish the designs. There was no A2 class 
in the Gresley sequence, but this type indication has 
now been included with the construction of three 
engines, the first of which, No. 500, is illustrated in 
Fig. 1, herewith. Fig. 2 is a diagrammatic arrangement, 
giving the principal dimensions. No. 500 has the 
additional distinction of being the 2,000th engine built 
at the Doncaster works (the first being a 0-4-2 tender 
engine, No. 18, designed by Patrick Stirling and put 
into service in 1867) and has since been given the 
name of “ Edward Thompson.” It will be recalled 
that Mr. Thompson, who was Sir Nigel Gresley’s 
successor as chief mechanical engineer of the L.N.E.R., 
retired on June 30 from that position, which is now 
filled by Mr. A. H. Peppercorn. 

In the A2 class, the boiler pressure of 250 Ib. per 
square inch, is retained, as also is the stroke of 26 in., 
which is common to all four of the A-class Pacifics ; 
but the cylinder bore is 19 in. and the diameter of the 
driving wheels is reduced to 6 ft. 2 in. (as against 
6 ft. 8 in.), giving a tractive effort, at 85 per cent. of 
the boiler pressure, of 40,430 lb. Each cylinder has a 
separate set of Walschaert valve-gear, an arrangement 
which permits the use of larger valves (10 in. in 
diameter) and, it is claimed, enables a better steam 
distribution to be maintained over the whole period 
between major overhauls than was practicable with the 
Gresley method of driving the inside valve, through 
a system of conjugated links, from the outside valve- 
gears. The maximum valve travel is 67 in., and the 
valves of all three cylinders have a steam lap of 1§ in. 
The cut-off in full gear is at 75 per cent. of the stroke. 
The inside cylinder drives on to the leading coupled 
axle and the outside cylinders on to the centre pair 





of coupled wheels, so that the crank axle is not so 





heavily stressed as in the previous Pacific engines, in 
which all three cylinders drove one pair of wheels. 
The crank axle and the middle big-end are completely 
balanced by extensions of the crank webs. Thirty-five 
per cei t. of the reciprocating weights are balanced, the 
balancing being distributed over the three pairs of 
coupled wheels. 

The boiler has a maximum diameter of 6 ft. 5 in. 
and a length of 17 ft. between tubeplates, and is 
constructed of barrel plates j in. and # in. thick, 
with a #,-in. outside wrapper plate. The copper firebox 
is 11 ft. 4} in. long (the combustion chamber being 
3 ft. 5 in. long) and is of %-in. plates. The back and 
front tube plates are *& in. thick and 1} in. thick, 
respectively. The grate area is 50 sq. ft. There are 
121 tubes of 2}-in. outside diameter and 43 super- 
heater flue tubes of 5} in. outside diameter; the super- 
heater element tubes have a bore of 1-244 in. The 
evaporative heating surface consists of the firebox, 
245-3 sq. ft., tubes, 1,211-57 sq. ft., and superheater 
flues, 1,004-5 sq. ft., making a total of 2,461-37 sq. ft. ; 
to which is to be added the superheater surface of 
679-67 sq. ft., making a total heating surface of 
3,141 sq. ft. There are two Ross “‘ pop ” safety valves, 
34 in. in diameter. The side stays of the firebox are 
of copper, hammered over at both ends in accordance 
with L.N.E.R. practice, and the roof stays are of steel, 
with nuts inside the firebox. The grate has a drop 
section to discharge the ashes and clinker quickly into 
the hopper ash-pan, which can be emptied completely 
by operating a lever from the ground level. A double 
blast-pipe is fitted. 

The axle bearings of the coupled wheels have journals 
94 in. in diameter and 11 in. long; those of the bogie 
axles are 6} in. in diameter by 9 in. long, and of the 
trailing axle, 6 in. in diameter by 11 in. long. The 
outside crankpins are 6} in. in diameter and the inside 
crankpin 9} in. in diameter, the length being 6 in. in each 
case. The dimensions of the leading, centre and trailing 
coupling-pins, respectively, are 47 in. diameter by 
34 in. long, 7} in. diameter by 4} in. long, and 4 in. 
diameter by 5 in. long. The quadrant-link brackets, 
bogie-frame stays and horns, and many of the main 
frame stays are welded. The bogie is of the side- 
support type, with a permissible translation of 4 in. 
on each side of the centre line. 

The total weight of the engine (without tender) in 
working order is 101-5 tons, and the adhesive weight 
is 147,840 lb. (66 tons), which is the maximum allowed 
on the L.N.E.R. main line with a six-coupled engine 


and axles spaced at 6 ft. 6 in. The ratio of adhesive 
weight to tractive effort is 3-67. The tender is of the 
company’s standard non-corridor type, carried on 
eight wheels, and weighing 60 tons 7 cwt., when filled 
with nine tons of coal and 5,000 gallons of water. 
Empty, the engine weighs 93 tons and the tender 
29 tons 2 cwt. 





Rust PREVENTION AND REMOVAL.—We have received 
from Messrs. Croda, Limited, Snaith, Goole, Yorkshire, 
copies of their recent booklets on the various solutions 
manufactured by them, both for the prevention of rust 
and its removal. The preventive fluids are of different 
types to suit varying conditions, two of them drying with 
a thin and hard, but non-brittle, film and one having 
@ non-drying oily finish. The booklets give full instruc- 
tions regarding uses and methods of application, and we 
understand that samples for testing will be supplied to 
any firminterested. The rust-removing liquid is intended 
mainly for the removal of rust before application of the 
preventive liquid on parts which have to be protected. 





SHIPBUILDING IN SWEDEN.—A report from Stockholm 
states that 62 vessels, of 243,570 aggregate gross tonnage 
and valued at 8,240,0001., were built for export in Swe- 
den during 1945. Of this total, Norway received five 
steamers and 35 motor-ships aggregating 222,240 tons ; 
two steamers totalling 700 tons went to Greece, while 
a motor-ship of 8,200 tons went to Portugal and another 
of 11,000 tons to Argentina. The remaining tonnage 
consisted of 18 fishing vessels, of from 40 to 70 tons each. 
On July 2, of this year, the 1,715-ton cargo steamer 
Anglia was delivered by the Gétaverken shipyard to 
the Swedish Lloyd Shipping Company, the hull having 
been built by the Lédése shipyard. This vessel is fitted 
with the new Gdtaverken quadruple-expansion steam 
engine, for which an exceptionally low fuel consumption 
is claimed. Two other ships, the ss. Monita and the 
ss. Produce, have been fitted previously with this type of 
engine and coal consumptions of 0-84 Ib. and 0-80 Ib. 
per indicated horse-power-hour, respectively, have been 
obtained. Also in July, the 6,200-ton motor-ship 
Naboland was delivered by the Kockums Shipyard, 
Malmé, to the Swedish Orient Line, and two motor-vessels, 
Héken and Ornen, of 750 tons d.w. each, were delivered 
by the Lindholmen shipyard to Halland’s Angbats A.-B. 
On June 27, the cargo motor-ship Tosca, of 9,000 tons d.w., 
was launched by the same shipyard for the Wallenco 





Shipping Company, of Stockholm. 
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ELECTRICITY SUPPLY IN 
SOUTH-WEST WALES. 


Tue history of electricity supply in South-west 
Wales might be described as a small scale copy of that 
in the remainder of Great Britain since the estab- 
lishment of the Central Electricity Board. Like its 
larger counterpart, the various parts of the area, 
prior to 1933, were more or less efficiently served by a 
number of non-statutory undertakings which, though 
some had been in operation for a number of years, 
were, electrically, isolated from each other. These 
districts, however, were little more than oases in a 
non-electrical desert, and both load and development 
were small, in accordance with modern ideas. Among 
these undertakings was the West Cambrian Power 
Company, Limited. This company is now a subsidiary 
of the Electric Development and Securities Trust, 
Limited ; and was originally established in 1928 to 
give a supply to Fishguard, a small'town on the North 
Pembrokeshire coast, which will be familiar to readers 
of ENGINEERING as the port from which the Great 
Western Railway maintains communication with 
Ireland. Thirteen years ago, the West Cambrian 
Company secured powers, under the South-West Wales 
Electricity Special Order, to supply electricity through- 
out Pembrokeshire (excluding Milford Haven) and in 
Cardiganshire (excluding the borough and rural district 
of Aberystwyth, the urban district of Aberayron, and 
the ruraj district of Ysgubor-y-Coed), as well as in the 
greater part of Carmarthenshire. The total exent of 
this area is 1,847 square miles, and the population is 


161,762. As will appear from the description given | 


below, the West Cambrian Power Company operates 
in close conjunction with the Carmarthen Electric 
Supply Company, Limited, which is also a subsidiary 
of the Electric Development and Securities Trust, and 
which has powers to supply over an area of 19,374 
acres in the neighbourhood of that town. It is also 
associated with the Aberayron and District Electricity 
Supply and Power Company, Limited, which has 
powers to supply electricity in an area of 453 acres 
round the small watering-place of that name on the 
shores of Cardigan Bay. The general manager and 
chief engineer of all three companies is Mr. H. L. 
Howard, Central House, Kingsway, London, W.C.2, 
while the local manager is Mr. C. L. Townsend, whose 
headquarters are at Tenby. 

To indicate the reorganisation which has taken place 
on the generating side during the past 13 years, it will 
be sufficient to say that the West Cambrian Company 
at the beginning of the period, was operating 15 small 
stations, many of which had been started by non- 
statutory companies or individuals. Ten of these sta- 
tions, namely, those at Fishguard, Tenby, Saundersfoot, 
Pembroke, Cardigan, Newcastle Emlyn, Pencader, 
Lampeter, Tregaron and St. Clears, were equipped with 
Diesel engines. The stations at Llanbyther and Lam- 
peter also had producer-gas plant, while those at 
Haverfordwest, Narberth, and Pembroke had producer- 
gas plant and water turbines, the first and last in addi- 
tion to the Diesel engines. Hydro-electric plant was 
installed at Newcastle Emlyn, Llandyssul, Pencader 
and St. Clears, while the station at Llandilo was 
equipped with reciprocating steam engines. Almost an 
equal variety was noticeable on the distribution side, 
for thirteen of the stations were supplying direct- 
current and one alternating current. The fifteenth 
supplied both alternating and direct-current. All the 
distribution systems have now been changed over from 
direct-current to alternating current, and a_ high- 
tension interconnecting network has been erected. 
The majority of the remaining non-statutory under- 
takings in the area have been purchased, though 
some continue to operate, apparently with success. 
That they do so is somewhat surprising when the 
quality of some of their equipment is taken into 
account, though their very existence is a tribute 
to the convenience provided by a supply of electricity 
in rural] districts. At the present time, only the 
three stations at Haverfordwest (5,410 kW), Lampeter 
(400 kW) and Llandyssul (185 kW) are in regular 
operation, the remainder of the supply being obtained 
from the Carmarthen Electric Supply Company. The 
latter undertaking is, in turn, connected to the system 
of the Llanelly and District Electricity Supply Com- 
pany, Limited, through 33-kV lines, and so to the 
national grid, which does not extend farther westward 
than Llanelly. 

The generating plant in the Haverfordwest station, 
a general view of which is given in Fig. 1, consists 
of six Diesel engines. Two of these are direct-coupled 
to 1,250-kW alternators, two to 1,000-kW alternators, 
and one each to a 575-kW and a 335-kW alternator. 
The engine: of the 575-kW and the two 1,250-kW sets 
were constructed by the Fraser and Chalmers Engin- 
eering Works, Erith, and have a bore and stroke 
of 214 in. and 22 in. respectively, their speed being 
300r.p.m. They are fitted with spherical gudgeon pins, 
and the pistons are of aluminium. Electrically-driven 
oil pumps are used at starting, but these are cut out 
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shut down, the electrical pump again comes into|nine-panel vertical isolating-type board, a view of 


action for a short period, so that the heat remaining | which is given in Fig. 3, opposite. 


in the piston is gradually removed. The two 1,000 kW 
alternators are each driven by an eight cylinder two- 
stroke Diesel engine constructed by British Auxiliaries, 
Limited, Glasgow, and the 335-kW alternator is driven 
by a Willans engine manufactured by the English 
Electric Company, Limited, Rugby. With the excep- 
tion of the smallest, all the alternators generate three- 
phase current at a pressure of 11 kV and a frequency 
of 50 cycles. The output from these machines is con- 
trolled by switchgear of the truck type, which was con- 
structed by the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, and is com- 
bined into a fourteen-panel board which is illustrated in 
Fig. 2. From this board duplicate feeders run out to 
Steynton (Milford Haven), while there is also a feeder 
for the local supply and connections to the low-tension 
sides of one 1,500-kVA, two 750-kVA, and two 500-kVA, 
11/22-kV transformers. These transformers are situ- 
ated in an outdoor substation on the power station 
site, and their high-tension sides are connected to the 
main 22-kV network. These 22-kV connections, as 





This board was also 
constructed by the General Electric Company, Limited, 
of London. The switches on the transformers are fitted 
with overload inverse time-element relays. Those on 
the feeders are fitted with the same type of relay as 
well as with definite minimum time earth leakage relays. 

The generating plant at Lampeter consists of three 
Diesel units, two of 100 kW and one of 200 kW, 
which generate direct-current at 240 volts for local 
supply, while connection is made to the 22-kV alternat- 
ing-current network through a 200-kW motor-generator, 
a view of which is given in Fig. 4, opposite, and a 250- 
kVA, 22,000/400/230-volt transformer. Normally, the 
supply for distribution in the town is taken from this 
network, but under emergency or peak-load conditions, 
the motor-generator set can be run reversed. At Llan- 
dyssul, there are three Gilkes water turbines, each 
of which drives a 35-kW direct-current generator 
through a belt, a Deutz Diesel engine, which is coupled 
to a 75-kW generator, and a 65-kW motor-generator 
set. The generating plant at Aberayron consists of 
three small units with an aggregate output of 100 kW, 
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Fie. 4. 200-KW Mortor-GENERATOR AT LAMPETER STATION. 


two of which are driven by Blackstone engines and one 
bya Deutz engine. Distribution is on the direct-current 
two-wire system at 230 volts, the bulk supply from 
the West Cambrian Company being converted by two 
rectifiers, each of which has an output of 120 kW. 

Returning to the main transmission system, the 
11-kV supply from Haverfordwest to Steynton for 
Milford Haven, a distance of five miles, is through a 
double-circuit line, consisting of 0-075 sq. in. copper 
wires carried on single poles. This line was constructed 
by Pirelli-General Cable Works, Limited, Southampton, 
and terminates at Milford Haven on a General Electric 
truck-type switchboard, part of which is owned by the 
local Urban District Council, who use it for distribution 
purposes in their area. The construction of this line is 
illustrated in Fig. 5, on page 180, which shows a road- 
crossing pole, and from Fig. 8, on the same page, which 
illustrates the 25-kVA, 11,000/400-volt transformer sub- 
station at Meadowcroft, with a read cross-over pole, 
and a 400-volt tapping to the village. 

The outgoing 22-kV system from Haverfordwest 
consists of four single-pole single-circuit lines, which 
radiate to Fishguard, Trecwn, Narberth and Golden 
Hill, near Pembroke, respectively. Fig. 6, on page 180, 
is a view in Narberth village, showing the incoming 








22-kV line from Haverfordwest, and the outgoing 
22-kV line to Broadfield. The poles used on these 
22-kV lines are all equipped with the Pirelli-General 
Electric pole top fitting, while the conductors are either 
of the cadmium-copper or composite types, with an 
equivalent copper section -of 0-035 sq. in. Pin-type 
insulators are used throughout, those on the Fishguard, 
Golden Hill and Trecwn lines being of standard porce- 
lain, while on the Narberth line, Pyrex glass is em- 
ployed. The average length of span is 375 ft. Fig. 9, 
on page 180, illustrates a standard road crossing on 
the 22-kV line from Haverfordwest to Neyland, while 
Fig. 7, on the same page, is a view of a section switch 
at Treffgarne Bridge, on the 22-kV line from Haver- 
fordwest to Fishguard. 

The line to Fishguard terminates on a steel structure, 
which supports the 22-kV switches and high-tension 
fuses. These switches, which were constructed by the 
General Electric Company, Limited, are of that firm’s 
outdoor gang-operated air-break type and have a 
current-carrying capacity of 300 amperes. They are 
fitted with self-aligning contacts, with copper jaws and 
phosphor-bronze spring clips, the blades being of cast 
brass with bevelled edges. The phosphor-bronze 
spring clips are mounted on cast-brass blocks. The 








switches are provided with arcing horns of galvanised 
steel, and the formation of ice is prevented by the 
slicing action of the blades. The porcelain insulators 
are of the cap-and-pin type, and can easily be replaced 
if necessary. The outer set of insulators on each switch 
is provided with cone grip mechanical connectors 
for clamping the conductors, and one set is linked to 
the moving blades by flexible cables which are sup- 
ported by cable carriers. The poles of the switch are 
coupled together by a hollow shaft of square section, 
which is carried in bearings consisting of malleable-iron 
brackets and rockers with gunmetal bushes. These 
bearings are provided with Stauffer lubricators. Each 
pole is bolted to a galvanised channel-iron base. The 
switches are operated from ground level by means of a 
handle of galvanised malleable cast-iron, with brass 
bearings. This handle is connected to a stainless-steel 
shaft and gunmetal twin buckle clevis, as well as to a 
suitable length of galvanised pipe with a clevis and an 
operating lever which is clamped to the square shaft 
of the switch. When the length of the operating pipe 
exceeds 20 ft., an intermediate guide lever and bracket 
of galvanised malleable cast iron with a clevis and 
phosphor-bronze pins are added. The operating 
handle is provided with a padlock. All the current- 
carrying parts are of electro-tinned non-ferrous metal, 
and all the ironwork is galvanised. The high-tension 
fuses are of the rewirable Quenchol type, made by the 
General Electric Company. 
(T'o be continued.) 





ELECTRICITY SUPPLY IN THE 
TEXTILE INDUSTRY. 


In December last, the Textile Sub-Committee of the 
British Electrical Development Association’s North- 
West England and North Wales Area Committee, 
1, Dickinson-street West, Manchester, 2, submitted a 
memorandum to the Cotton Industry Working Party 
in which they pointed out the main advantages to be 
gained if that industry took its motive power from the 
public electricity supply undertakings in the area. 
In reply, the Cotton Working Party’s Machinery 
Sub-Committee conceded the desirability of electric 
driving and agreed that it would be best to change to 
electricity when an existing steam engine needed 
replacement. They also agreed that individual electric 
drives should be installed in new mills. On the other 
hand, it was pointed out that “ for individual concerns 
which possess steam engines still capable of good work, 
the decision to scrap them is a serious one.” 

We gather that the Association is not altogether 
satisfied with this attitude, and has now issued a 
brochure illustrating how greater productive efficiency 
and better working conditions can be obtained in 
textile mills. A number of examples of the economies 
which have been effected by changing over to public 
supply are given ; and it is pointed out that, while the 
power requirements of an average mill are increasing, 
depreciating boiler plant renders it necessary to operate 
existing steam engines substantially below their rated 
output. Moreover, the only practicable way to obtain 
the necessary extra power is from a public supply. 

That a far greater degree of electrification is pos- 
sible in the textile industry than exists at present 
is shown by the results of a survey which was 
undertaken by the Textile Sub-Committee of the 
Association in collaboration with 29 electricity supply 
undertakings. This survey covers 635 spinning mills, 
551 weaving sheds and 205 bleaching, dyeing, and 
finishing works. Of this total of 1,391 factories, 349 
used a public supply for both power and lighting, 555 
a public supply partly for power and lighting, and ll4a 
public supply for lighting only. The number of mills 
not yet connected to the public supply was 373. The 
total annual consumption of all the works using a 
public supply was 363 million kWh. ° 

We understand that this booklet is the first of 
a series and that further problems relating to the 
electrification of the industry will be studied by the 
Textile Sub-Committee and the results issued in 
further similar publications. The Sub-Committee will 
also act as an advisory body on all matters concerning 
the use of public electricity supply in the textile 
industry. 





COMMITTEE ON SCIENTIFIC INSTRUMENTS.—The Minis- 
try of Supply have announced that an inter-departmental 
Committee on the Scientific Instrunients Industry has 
been founded at the request of the Cabinet Home Affairs 
Committee. A panel has been appointed to reeommend 
what action should be taken to encourage development, 
to increase production, and to put the industry on a 
sound economic basis. A questionnaire has been circu- 
lated asking for certain details of the production of 
furnace-blown, pressed and lamp-blown scientific glass- 
ware. Any firms who have not received this are asked 
to communicate with the secretary, Scientific Glass- 
ware Panel, Room 700, Portland House, Tothill-street, 
London, 8.W.1. 





178 








INSTITUTION ELECTIONS. 


INSTITUTION OF MECHANICAL ENGINEERS. 


Associate Member.—Charles Augustine Roast, Lon- 
don, S.W.1; Glynne Peirce Roberts, Stafford; John 
Bryan Seed, B.Sc. (Eng.) (Lond.), Stevenston, Ayr- 
shire; Captain John Anwyl Shaw, B.A. (Cantab.), 
R.E., A.P.O., Lagos, Nigeria; John Gardner Shaw, 
Aylesbury, Bucks. ; Reginald Cecil Smart, Birming- 
ham; John Smith, Glasgow; Alfred Stott, Birken- 
head ; Edgar Stracey-Cheel, M.C., B.Sc. (Eng.) (Lond.), 
Chislehurst, Kent; William James Syme, Lyttelton, 
N.Z.; Tom Taylor, Newton Heath, Manchester ; 
Reginald Boulton Waddington, Hull; Major Arthur 
William Western, R.E., Bristol; Ronald Winstanley, 
B.Sc. (Eng.) (Lond.), Stockton-on-Tees. 

Associate to Associate Member.—John Whitfield, 
Manchester. 


Graduate to Associate Member.—Lieut. (E.) Leslie 
Birts, B.Sc. (Eng.) (Lond.), R.N., Worthing ; Benjamin 
John Brierley, Bradford-on-Avon; Wilfred Henry 
Bunting, Winchester; Kenneth Charles Buteux, 
Slough ; Captain Gerald Birchall Craig, R.E.M.E., 
Barrow-in-Furness ; Lieut.-Comdr. (E.) Christopher 
Mervyn Dalley, B.A. (Cantab.), R.N., Sutton; Denis 
John Day, Farnborough ; Archibald Arthur Stevenson 
Dickson, B.Sc. (Glas.), Aberdeen; Denis Ian Leslie 
Doran, B.Sc. (Glas.), Glasgow ; William John Foxwell, 
Dagenham, Essex; Lieut.-Col. Richard Patrick St. 
Lawrence Gethin, R.E.M.E., Malta; Norman Henry 
Gibbins, B.Sc. (Bristol), Atbara, Sudan; William 
Donald Inghram Gunn, B.A. (Cantab.), Bristol ; 
Captain Charles Hereward Hanney, B.Eng. (L’pool), 
Oxford ; William Harrison, Birmingham ; Lieut. (E.) 
Robert Humphrey, B.Sc. (Durham), R.N., Sunderland ; 
Captain Alfred Derek George Isherwood, R.E.M.E., 
Dublin; Alistair Christian Lewis Webster Lawson, 
Brighton ; Major Frederick George Lillycrop, R.E.M.E., 
Derby; Fit.-Lieut. Robert Alexander Lyall, B.Sc. 
(Durham), R.A.F., West Hartlepool; Walter Robert 
McCarthy, London ; Captain Henry Stephen Marmorek, 
M.A. (Cantab.), R.E.M.E., M.E.F.; Major Ernest 
James Martin, B.Sc. (Eng.) (Lond.), R.E.M.E., C.M.F. ; 
Captain Geoffrey William Milburn, B.Sc. (Eng.) 
(Lond.), R.E.M.E., Bury ; Leo Miller, Salford; Cap- 
tain Kenneth Parker, R.E., M.E.F.; Major Maurice 
John Parker, B.Sc. (Eng.) (Lond.), R.E.M.E., India 
Command ; Joseph Petty, Bradford ; Stephen Monte- 
fiore Philips, B.Sc. (Durham), Germiston, Transvaal, 
S. Africa; Albert William Pyne, Birmingham; Paul 
Rohatyn, Haslemere; Captain Norman Shackleton, 
R.E.M.E., Nelson; Alan Ernest Shutler, Brentford ; 
William Sidwell, Gloucester; Frank Leslie Speed, 
Leicester ; Jacobus Willem Swardt, B.Sc. (Witwaters- 
rand), Vereeniging, Transvaal, 8. Africa; Captain 
John McLeod Taylor, R.E.M.E., London; Kenneth 
Walker, Sheffield; Walter Wrench, Manchester. 

Student to Associate Member.—David Howard Scott, 
B.Se. (Eng.) (Lond.), London. 





DuNLOP RUBBER COMPANY RESEARCH GRANT.—It has 
been announced that the plans for the renewal and exten- 
sion of the independent research activities of the Royal 
Institution and the Davy-Faraday Research Laboratory 
are to be helped forward by a grant from the Dunlop 
Rubber Company, Limited. Under the present con- 
ditions, the endowments are no longer adequate and the 
Dunlop Company have undertaken to contribute 1,0001. 
a year, less tax, for seven years. 





TELECOMMUNICATION RESEARCH ORGANISATION.—The 
industrial group of which British Insulated Callender’s 
Cables, Limited, and Automatic Telephone and Electric 
Company, Limited, are principals, has formed a research 
orgafiisation, which is to set up laboratories at Taplow 
Court, near Maidenhead. The main object of this 
organisation is to assure Britain’s position in supplying 
the world’s needs in telecommunication equipment. The 
chairman of the new company is Mr. P. V. Hunter, 
C.B.E. and the director and chief engineer is Dr. T. 
Walmsley, C.B.E., who until recently was a member of 
the engineering staff of the Post Office. 





ENGINEERING COMMISSIONS IN THE ROYAL NAvy.—A 
limited number of permanent commissions in the Engi- 
neering Branch of the Royal Navy will shortly be 
granted. Applications from released officers who have 
held commissions as Temporary R.N. (E.) or R.N.V.R. 
(E.) officers and from R.N.V.R. (A.) officers who were 
employed on air engineering duties, will be considered 
by the Admiralty. Applicants must be British subjects 
under the age of 26 on December 31, 1946, and possess 
one of the following qualifications: a university degree 
in engineering, a Higher National Certificate in engineer- 
ing, or the Ministry of Education diploma in engineering, 
granted to Ministry of Labour engineering cadets. Fur- 
ther particulars may be obtained on application to the 
secretary of the Admiralty (C.W. Branch II), Admiralty, 


BRITISH STANDARD 
SPECIFICATIONS. 
THE following specifications of engineering interest 
have been issuea by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 


Cast-Iron Street-Lighting Columns.—A new specifica- 
tion, B.S. No. 1249, covers cast-iron street-lighting 
columns. It provides for columns for gas and electric- 
lighting suitable for four groups of lighting classes 
giving a light source at approximately 30, 25, 15 and 
13 ft. above ground level. The columns dealt with are 
not intended to support overhead wiring. The con- 
struction and design of the columns and their weight 
and permissible deflection are specified, and a method 
of carrying out the deflection test is included. The 
design of the column has been submitted to the Fine 
Arts Commission and has received their approval. 
[Price 2s., postage included. } 


Flameproof Enclosure of Electrical Apparatus.— 
A new edition of specification B.S. No. 229, covering 
the flameproof enclosure of electrical apparatus, has 
been published by the Institution. This defines the 
performance required of flameproof enclosures and 
prescribes those features of design and construction 
considered to be essential to secure reliability in service. 
Sketches illustrating the basic principles involved are 
given, and data on the tests required by the Ministry 
of Fuel and Power in connection with the “ Flame- 
proof” mark are included. The specification has been 
reviewed and extended since the publication of the 
previous edition in 1940, and the maximum permissible 
dimensions for gaps between joint surfaces, and for 
other openings in a structure when employed in the 
presence of inflammable gases and vapours are speci- 
fied. The scientific basis for this extension of the 
specification has been provided by investigations con- 
ducted by the Britith Electrical and Allied Indus- 
tries Research Association, in collaboration with the 
Safety in Mines Research Board and in consultation 
with Government Ministries and other interested 
parties. The specification contains a tabulated sum- 
mary of the results obtained from these researches, 
which summary classifies the gases and vapours covered 
into four groups, namely, the gases encountered in 
mining, in general industrial processes, and in gasworks 
and coke-oven plants, and such gases and vapours as 





acetylene, carbon disulphide and hydrogen. [Price 
3s. 6d., cloth bound, postage included. ] 

BOOKS RECEIVED. 
The LMS at War. By GeEorGE C. NasH. L. M. S. 


Advertising and Publicity Department, Central Offices, 
Euston Station, London, N.W.1- [Price 5s. net.] 
Steam Power Plant Auziliaries and Accessories. TERRELL 
Crort, editor. Revised by D. J. Durrin. Second 
edition. McGraw-Hill Book Company, Incorporated, 
330 West 42nd-street, New York 18, U.S.A. [Price 
5 dols.] McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 
258.) 

Ministry of Fuel and Power. British Intelligence Objec- 
tives Sub-Committee. Final Report No. 38. Visit to 
Germany: Electric Power. Reported by C. H. Fiur- 
SCHEMM. Final Report No. 129. Some Phases of 
German Electrical Utility Practice. Report by N. L. 
KusTers and Lirvut.-Compr. C. G. Lioyp, H.M. 
Stationery Office, Kingsway, London, W.C.2. 
Transactions of the Institution of Water Engineers. 
Volume L. 1945. Edited by A. T. Hops, Secretary. 
Offices of the Institution, Parliament Mansions, 
Abbey Orchard-street, Victoria-street, London, S.W.1. 
Relaxation Methods in Theoretical Physics. A Continua- 
tion of the Treatise Relaxation Methods in Engineering 
Science. By DR. R. V. SOUTHWELL. Oxford University 
Press (Geoffrey Cumberlege), Amen House, Warwick- 
square, London, E.C.4. [Price 20s. net.] 

Introduction to Production Control. By D. TrRantt, 
with the collaboration of W. F. WALKER. Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 15s. net.] 

Memorandum on Patent Law Reform. By the Joint 
Chemical Committee on Patents. Parts I and II. The 
Association of British Chemical Manufacturers, 166, 
Piccadilly, London, W.1. [Price 3s., post free.] 
Sectioned Perspective View of Cylinders and Motion. 
A New Presentation of Pistons, Valves and Valve Gear, 
and the Associated Castings, for 4-6-0 Mi.ced-Traffic 
Locomotives. ‘“‘ The Railway Gazette ” Offices, 33, 
Tothill-street, Westminster, London, S.W.1. [Price 
18.] 

The British Electrical and Allied Industries Research 
Association. Technical Report W/T12. The Pneu- 
matic Conveying and Elevating of Grain. Critical 
Résumé. By A. E. CANHAM. Offices of the Associa- 
tion, 15, Savoy-street, Strand, London, W.C.2. [Price 


AUG. 23, 1946. 


PERSONAL. 


Sir Percy MILLs, managing director of Messrs. W. ang 
T. Avery, Limited, has been released, at his own request, 
from his Government appointment as President of the 
Economic Sub-Commission in the Control Commission 
for Germany. He will leave at the end of August ang 
return to industry. 

Sm WILuiaM Grirrirus, D.Sc., F.R.1.C., F.Inst.p., 
chairman and managing director of the Mond Nicke] 
Company, Limited; Mr. H. J. ALLCOCK, M.<Sc., 
M.1.Mech.E., M.I.E.E., of British Insulated Callender’s 
Cables, Limited, and Mk. CHRISTOPHER F. 8. Taytor, 
M.C., of Rhokana Corporation, Limited, have been 
appointed to the management committee of the Copper 
Development Association, Grand Buildings, Trafalgar. 
square, London, W.C.2. 

Mr. Ian M. E. AITKEN, B.Sc. (Eng.), M.I.E.E., 
A.Inst.W.E., has been appointed chief mechanica] 
and electrical engineer of Brian Colquhoun and Partners, 
18, Upper Grosvenor-street, London, W.1. Mr. Aitken’s 
last appointment was that of chief engineer to the 
Tinplate Company of India, Limited, Bihar, India. 


COMMANDER G. O. WATERS, O.B.E., managing director 
of Channel Islands Airways, Limited, has been appointed 
manager of the English Division of the British European 
Airways Corporation. 


Mr. H. C. SPENCE, M.I.E.E., M.I.Mech.E., deputy 
chief engineer and manager of Croydon Corporation 
Electricity Department, has been appointed chief 
engineer and manager of Wimbledon Corporation 
Electricity Department. He will take up his new duties 
on October 1. 


Mr. H. N. Grunpy, Board of Trade Regional Con- 
troller for the North-West Region, is retiring on August 31. 
He will be succeeded as Regional Controller for that 
region by Mr. G. W. BRAZENDALE, who has been Regional 
Controller for the Board of Trade for the Northern Region 
since September, 1945, and was formerly deputy Regional 
Controller for the Ministry of Production for the Midland 
Region. 

Mr. A. W. Browne, 0.B.E., has been elected chairman 
of the Chloride Electrical Storage Company, Limited, 
Exide Works, Clifton Junction, near Manchester. Mr. 
W. S. NaY tor, M.I.E.E., who has occupied this position 
for many years, is retaining his seat on the board. 


The Central Electricity Board have appointed Mr. P. 
Gorpon Huieatr, A.M.I.E.E., to be operation engineer 
for the Mid-East England and North-East England 
Grid-Scheme areas. Prior to joining the Board’s staff 
in July, 1931, Mr. Hieatt served in the electricity depart- 
ments of the Hackney, Croydon, Derby, Rotherham and 
York Corporations and the Northmet Power Company. 
In recent years he has been senior assistant operation 
engineer for Mid-East England. 


Mr. A. L. Boyne, borough electrical engineer and 
manager, Scunthorpe Corporation Electricity Supply, 
is retiring in October and will be succeeded by Mr. H. 
Peack, M.1.E.E., at present deputy borough electrical 
engineer and manager. 


Messrs. WINGARD (M.A.), LIMITED, have removed 
from Church-road, Hendon, N.W.4, to Kingsham-road, 
Chichester, Sussex. (Telephone: Chichester 3236/7 ; 
Telegrams : Wingard Chichester.) 

Messrs. E. H. Jones (MACHINE TOOLS), LIMITED, 
Edgware-road, The Hyde, London, N.W.9, have been 
appointed exclusive selling agents for the British Isles for 
the Wicaco oil groover and the Wicaco spindle oiling 
machines. 





PARSONS MEMORIAL LECTURE.—-The Parsons Memorial 
Lecture for 1946 will be delivered by Sir Hugh Chance at 
the Institution of Civil Engineers, Great George-street, 
London, S.W.1, at 5.30 p.m., on Thursday, September 26, 
Sir Hugh’s subject will be ‘‘ Recent Developments in 
Optical Glass Manufacture.” 





. 

STRUCTURAL-ENGINEERING WORK AT MIDDLESBROUGH. 
—Important extensions to the main structural-engineer- 
ing shops of Messrs. Dorman, Long and Company, 
Limited, at Middlesbrough, are being undertaken to 
facilitate the handling. and fabrication of the heavy 
tonnages of structural steelwork which the company 
have on order for home and export destinations. The 
area of the existing large shops is being increased by 
over 110,000 sq. ft. and the extensions will be equipped 
with modern handling devices to ensure the even flow 
of material and enable the output of fabricated steel 
from the shops to be increased by about 20 per cent. At 
present, large tonnages of heavy constructional steel- 
work for 12 power stations are being handled, in addition 
to considerable quantities of lighter structural work. At 
the same time, an important contract for 10,000 all-welded 
wagon bodies for the home railways is passing through 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel—A strike of bricklayers at Scottish 
steelworks, if protracted for more than a week or s0, 
will bring production to a standstill. The men stopped 
work last Saturday, and the stoppage is peculiarly 
unfortunate when makers are so heavily booked with 
orders. The new steel prices, which came into operation 
on August 14, are not expected to make any difference 
to business ; users are so anxious for supplies that prices 
have become a secondary consideration. The rise is 
moderate, but the concession of 30s. a ton to makers of 
wrought iron has a special interest for Scottish iron- 
makers. Iron manufacturers have been carrying on 
under great difficulties ; the demand has dwindled yntil 
the trade at present is trifling in comparison with its 
former magnitude. In addition, prices ruling this year 
had become uneconomical as a result of a steady rise in 
the cost of production, and the ultimate effect would 
have been to drive the remaining Coatbridge companies 
out of business. The policy appears to have been to 
keep prices as near steel costs as possible in an attempt 
to attract business back from steel; but this has appa- 
rently failed, and the restoration of remunerative prices 
under the latest Price Order is welcomed by the industry. 
Pig-iron costs have also risen, and Scottish steelmakers 
are, therefore, searching eagerly for scrap as the only 
means available of keeping Scottish steelmaking costs 
at a level which can compete with manufacturers else- 
where. Scrap, unfortunately, is by no means plentiful, 
and the lower collections of winter time are unlikely to 
prove adequate. Scotland is now entirely dependent 
upon imported foreign ore; home ores are no longer 
being brought in from Northamptonshire or Lincolnshire. 

Scottish UCoal.-—The feature of the market this week is 
the sustained effort that is being made to cope with the 
heavy requirements of gax and electricity undert aking~, 
which are receiving additional allocations to enable them 
to maintain their outputs. Stocks have had to he 
sacrificed during July, and even during the current 
month, owing to holiday influences on deliveries, and 
electric power stations, in particular, are still needing 
large supplies of coal to restore their reserves. It is 
estimated that the consumption of coal at Scottish gas 
and electricity works is from 9,000 tons to 10,000 tons 
a week above the figures for the corresponding period of 
last year. Output, though better than during the same 
period last year, is not so much greater as to cover this 
increase without entrenching on supplies that should be 
going to other home consumers, but by well-organised 
distribution the market has managed to proceed without 
serious complaint. The industrial section is fairly com- 
fortably situated; the holidays naturally checked the 
consumption of coal, thus easing the burden somewhat. 
House-coal supplies have continued steadily, and last 
week and this the full allocation of tonnage has been 
made by collieries. Depot stocks in Scotland are higher 
in the aggregate than at the corresponding period a 
year ago. Private stocks are also greater; users are 
appreciating the need for economy, and this may explain 
the increased consumption of gas and electricity. Export 
of coal from Scotland is confined to limited quantities of 
coke breeze, slurry, and duff. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Supplies of pig-iron are plentiful, but 
concern is felt about a continuance of these supplies 
owing to the enforced reduction in the make of coke 
due to restrictions upon allocations of coking coal. 
There is some evidence that the shortage of high-carbon 
steels is being reduced by the recent restrictions upon 
exports as a result of representations that the shortage 
was likely to lead to unemployment in many Sheffield 
industries. With che exception of some sections of the 
heavy steel and engineering trades, a boom state prevails. 
Makers of heavy machine tools are booked well ahead, 
and an incessant demand is reported for high-speed 
twist drills, milling cutters and reamers, and for all hand 
tools. Orders are pouring into the agricultural-steel 
trades for machine parts and tools for the 1947 delivery 
season, Anxiety is expressed in all industries at the fuel 
position, Plans are being discussed and tentative 
arrangements made for the adaptation of plant to the 
use of fuel oil in case of emergency. 


South Yorkshire Coal Trade.—Annual holidays have 
reduced production of coal and accentuated the shortage. 
Fortunately, there have been instances of high outputs 
at individual pits in the week before the annual stoppage. 
Railways are still pressing for maximum deliveries to 
offset the larger consumption due to holiday traffic. 
The demand for supplies for gas and electricity under- 
takings is heavy, and only slow progress can be made 
in restoring reserves of coal to the safety level. Outputs 
of outcrop coal are fairly satisfactory, although there 
has been some interruption of activities owing to the 
flooding of opencast sites. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Welsh Coal Trade.—There has been an acute 
shortage of all supplies on the Welsh steam-coal market 
during the past week, and this has considerably hampered 
operations, particularly for early deliveries. The 
stoppages of the mines throughout the Bank Holiday 
week resulted in an accumulation of arrears in deliveries 
to several large-scale home consumers. These, and the 
fact that collieries generally had already sold practically 
the whole of their potential outputs to inland buyers, 
have made business extremely difficult. Most collieries 
have had to concentrate upon meeting the most pressing 
requirements of the home trade and in several instances, 
in order to prevent a further accumulation of arrears, 
producers have had to supplement contract deliveries of 
the better grades with some of the cheaper qualities. 
In view of the heavily committed nature of most concerns 
it was expected that it would be some weeks before the 
leeway could be made good, and in the meantime few 
fresh orders can be handled. The scarcity of supplies 
has affected the export trade. Only very limited quan- 
tities of the better grades were being shipped and these 
were reserved exclusively for some of the leading bunker- 
ing ‘depots, which it has been the policy for some little 
time to restock. Otherwise, only the poorest grades were 
available for shipment abroad. A steady interest was 
displayed, but business was held in check by the quotas 
and it was feared that, in view of the unsatisfactory 
state of production, even the limited foreign trade per- 
pitted during recent months would be curtailed or com- 
pletely suspended to provide the extra fuel needed at 
home. The poor-grade coals so released would be 
briquetted for inland industrial and domestic use. 


Swansea Steel-Sheet Industry.—The market report of 
the Incorporated Swansea Exchange states that, last 
week, the strong home and export demand for tin-plate 
was fully maintained, as users were endeavouring to 
cover their future requirements. More orders were 
placed for delivery during the last quarter of the present 
year and later. In the export market, the increased 
production enabled makers to sell slightly larger quanti- 
ties. Stee] sheets continued to have an extremely strong 
demand, and makers, having full order books covering 
several months, were unable to cope with it. Iron and 
steel scrap was in improved request and the acceptances 
of deliveries increased. The prices of iron and steel 
products and of non-ferrous metals were as follows :— 
Prime tin-plates, per bex of 108 Ib., containing 112 
sheets measuring 20 in. by 14 in., 34s. 3d., 34s. 6d., and 
34s. 104d., f.0.r., according to the tin coating, for home 
consumption. Unassorted tin-plate base uncoated plates, 
28s. 9d. per box, f.o.r. at makers’ works. Unassorted 
terneplates, per box of 112 sheets, measuring 28 in. by 
20 in., 65s. 3d, f.o.r. All the above prices are subject to 
a schedule of extras for certain sizes and qualities. Gal- 
vanised corrugated steel sheets, Nos. 17-20 gauge, in 
bundles, 297. 1s., and steel-sheet and tin-plate bars, 
121. 7s. 6d., all per ton delivered. Welsh hematite pig- 
iron, 81. 14s. 6d., and Welsh basic pig-iron, 8I., both 
per ton, delivered, and both subject to a rebate of 5s. 
The distribution of supplies of metallic tin is controlled 
and the price of the metal is 3007. a ton. The maximum 
control price of fire-refined copper (containing not less 
than 99-2 per cent. of the meta)]) is 821. 10s. a ton, and 
that of high-conductivity electrolytic copper, 841. a ton. 
The maximum control price of lead, English quality, is 
561. 10s. a ton, of foreign soft pig lead, duty paid, 551. a 
ton, and of spelter, 50/7. a ton. 





EXPORT OF GOVERNMENT SURPLUS MACHINE TOOLS.— 
The Ministry of Supply have announced that the stipu- 
lated period of two months during which, hitherto, surplus 
machine tools have been on offer to British industry 
before being made available for export, has now been 
abolished. The new arrangement, which comes into 
force immediately, has been made possible on account 
of the increasing quantities of Government surplus 
machine tools coming on the market. Although a limited 
range of tools in short supply will not be available for 
export for the present, the revised procedure will free 
several thousand tools which, it is stated, can be pur- 
chased for re-sale abroad. 





GENERATION OF ELEcTRICITY.—The official returns 
rendered to the Electricity Commissioners show that 
2,764 million kWh of electricity were generated by the 
authorised undertakings in Great Britain during July, 
1946, compared with 2,540 million kWh during July, 
1945, an increase of 224 million kWh, or 8-8 per cent. 
During the first seven months of 1946 the total electricity 
generated was 23,244 million kWh, compared with 21,785 
million kWh during the corresponding period of 1945, 
an increase of 1,459 million kWh, or 6-7 per cent. The 
total quantities sent out were 2,597 million kWh during 
July, 1946, and 21,925 million kWh during the first 
seven months of the present year. 


NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








NORTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, August 24, 2.30 
p.m., Neville Hall, Newcastle-upon-Tyne, 1. Annual 
General Meeting. (i) Annual Report of the Council. 
(ii) “‘ The Operation and Control of Production Areas 
Within a Unified Industry,” by Mr. W. J. Chariton. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—At present prices oftron and steel 
are a secondary consideration. Home and export 
demands for most descriptions of material continue 
considerably in excess of outputs and as the business 
put through is at market value at the time of delivery, 
any change in fixed quotations attracts little attention. 
The movements now authorised in iron and steel prices 
average 5 per cent. advance, raising the average figure 
to 524 per cent. above the 1938 standard. The release 
of tonnage for shipment to overseas customers is still 
very limited, essentia] home requirements absorbing the 
bulk of the material available. Pig-iron supplies are 
moving promptly into use and larger deliveries would 
be welcome. The demand for steel far exceeds the supply 
and orders can be accepted only for remote delivery 
dates. 

Foundry and Basic Iron.—Makers of light castings have 
full order books and are urgently in need of considerably 
more high-phosphorus pig iron than is obtainable. The 
irregular make of the Tees-side blast-furnaces has 
shrunk nearly to vanishing point. An expansion in the 
production of local brands is very unlikely, but the 
substantial quantities of Midland iron regularly reaching 
North-East Coast foundries is adequate for current 
needs. Producers of basic qualities continue to retain 
the whole of their output to meet the requirements of 
their adjoining steel-making plants. 

Hematite, Low-Phosphorus and Refined Iron.—Deli- 
veries of East-Coast hematite are sufficient to deal 
satisfactorily with the actual needs of users, but condi- 
tions do not justify the release of tonnage for export. 
Outputs of low- and medium-phosphorus grades of iron 
are moving steadily into use. Producers of refined iron 
are able to meet requirements. 

Manufactured Iron and Steel.—Semi-finished iron 
makers are turning out sufficient tonnage for users’ needs 
and the demand for finished iron commodities is not 
excessive, but the demand for all classes of steel is 
severely taxing the sources of supply. Re-rollers have 
heavy accumulations of work in hand and are seeking 
larger deliveries of steel billets, blooms and sheet bars. 
Manufacturers of sheets and plates are experiencing 
difficulty in meeting their extensive running contracts 
and are unable to entertain offers of new business for 
supply before periods in the early part of next year. 
Joists and sections are well sold and makers of rails, 
points, crossings and all types of railway requisites have 
sufficient bookings to keep the works busy for some 
months. Producers of pit props, arches, roofings and 
other colliery equipment have substantial orders and the 
inquiries circulating are numerous and large. 

Scrap.—iron and steel scrap is in ample supply and 
heavy deliveries of the better grades are readily accepted 
by founders and steel producers. 





DEVELOPMENT OF ELECTRIC WELDING.—<According to 
an article in The Economist of August 3, the number of 
arc-welding sets installed in this country increased from 
20,000 in 1938 to 65,000 in 1945. During the same 
period the number of resistance-welding installations 
rose from 8,000 to 21,500. 





BRITISH INDUSTRIES Farr.—aAs briefly announced on 
page 81, ante, the first post-war British Industries Fair 
will be held in May, 1947. The date has now been 
announced, and the Fair will be held from May 5 to 16, at 
Olympia and Earls Court, London, and at Castle Brom- 
wich, Birmingham. As in pre-war years, exhibits will 
be grouped in two main sections, the lighter industries 
in London and the engineering and hardware sections 
in Birmingham. The London section is organised by 
the Export Promotions Department, Board of Trade, 
35, Old Queen-street, London, S.W.1, and the engineering 
and hardware section by the Birmingham Chamber of 
Commerce, 95, New-street, Birmingham, 2. Special 
attention will be devoted to the display of United 
Kingdom products suitable for export, and it is hoped 
that the Fair will attract many buyers from abroad, as 





well as from this country. 
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ELECTRICITY SUPPLY IN SOUTH WALES. 


(For Description, see page 176.) 

















Fie. 5. 11-KV Dovsie-Crecurr Line, Haver- Fie. 6. 22-KV Liye at NARBERTH VILLAGE. Fic. 7. Section Swrrcu on HAverForD- 
FORDWEST TO MiLFoRD HAVEN. WEST-FISHGUARD 22-KV LIne. 




















Fie. 8. 25-KVA 11,000/400-Vo_t Potz TRAaNsFORMER 
AND TAPPING. 


Fic. 9. Sranparp 22-KV Roap Crosstne anp P.O. Guarp, HAVERFORDWEST- 
NEYLAND. 

TUNGSTEN AND MOLYBDENUM ORES.—The Govern-| arrangements for dealing with residual Government | Iron and Steel Control, Ministry of Supply, Artillery 

ment purchase of tungsten and molybdenum ores and | stocks are under consideration, but purchase and import | Mansions, 75, Victoria-street, London, S.W.1, for trans- 

concentrates, with the exception of small outstanding | on private account may now be resumed subject to import | mission to the Import Licensing Department of the 

commitments, has ceased and it has been decided to} licence. Applications for import licences should be made | Board of Trade. For the present, the Ministry will sell 

return to private trading in these materials. The! on the usual form, which should be forwarded to the! material from their stocks. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMr.e Bark 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................. £3 5 0 
For Canada— 
Thin paper copies ................ £218 6 
Thick paper copies _............ £3 3 0 
For all other places abroad— 
Thin paper copies ................ £3 3 0 
Thick paper copies ............ 3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
$3} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 


for advertisers’ blocks left in sheir possession for more 
than two years. 
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LABOUR RESOURCES. 


In any country, the standard of living depends 
on the amount of work done by its inhabitants. 
Much of the material on which the standard is 
based will be obtained from abroad, but this will 
be forthcoming only if work is done or services 
rendered in exchange for it. No doubt, this truism 
would be generally accepted, but there is little 
sign at the moment that its implications are being 
acted upon. The supply of goods and services on 
which all material aspects of the standard of living 
are based can only be increased by doing more 
work, but despite the intention to improve that 
standard, the general tendency is a demand for 
shorter hours and longer holidays. It was not on 
a basis of that kind that war outputs were obtained, 
yet, in some respects, the demands of peace are as 
urgent as were those of war. More than once was it 
announced that the housing shortage would be 
dealt with as a war job; it can hardly be said that 
this intention has been carried out, but it is open to 
question whether the present demand for an improve- 
ment in the standard of living coupled with a slack- 
ening in the efforts required to attain it can be 
defended successfully by an assertion that modern 
methods of production and handling enable more 
work to be done in less time. 

In a broad historic sense, this contention is 
correct ; an operative working a modern power 
loom produces much more cloth per hour than did 
the cottage hand-loom weaver of the Fourteenth 
Century. This is not to say, however, that new 
machinery equipment can suddenly and at the 
present time increase the productivity of labour. 
Furthermore, it seems probable that the economy 
of labour resulting from the substitution of auto- 
matic or semi-automatic machinery for hand- 
operated plant is not so great as is frequently 
supposed. Automatic machinery is usually more 
complicated, requiring more labour for its con- 








struction and maintenance, and its rate of obsoles- 





cence may be high. It is also operated by a com- 
paratively small proportion of the total labour 
employed, ancillary activities engaging the major 

. These considerations, however, are incidental. 
The main fact to be faced at the moment is that 
the factories of Great Britain cannot immediately 
be re-equipped in such a way as to increase greatly 
the output per employee. To a large extent, and for 
some years to come, matters must be accepted as 
they are. To the extent that factories are mechan- 
ised, their outputs will depend very largely on the 
number of hours during which they are operated, 
and a reduced working day will result in a smaller 
production. From the point of view of the profitable 
employment of the equipment, a solution can be 
found by employing two or more shifts, but that is 
not the way to save labour. 

A dominant factor in the present situation is 
that the Government has adopted a policy of full 
employment. The implementation of that policy 
in the present state of world shortage may not be 
difficult, although naturally there will be local 
pools of unemployment during the period of change- 
over, but how it will be carried out if a world slump 
should intervene the Government themselves pro- 
bably hardly know. As it is proposed that full 
employment shall be accompanied by a rise in the 
average standard of living, and as the current inter- 
pretation of this latter phrase appears to be that 
every one shall do less work, it is clear that all 
available labour must be employed as effectively as 
possible. To ensure this, it is necessary that inform- 
ation should be collected about the labour available 
in order that innate ability shall not be wasted on 
tasks which could be carried out equally well by 
those of inferior capacity. To what extent labour 
may be directed in the future to the type of activity 
for which it is best fitted it is impossible to say, 
although it seems likely that, in a lean period, a 
State-controlled system of full employment must 
contain some element of control. This matter 
cannot be discussed profitably at the moment; it 
involves too many unknowns. What is clear, 
however, is that no effective programme of full 
employment can be devised without a manpower 
stocktaking which will provide at least approximate 
knowledge about the available human material. 

The first stage in an investigation of this kind 
must be to collect statistics about the present occu- 
pational distribution of the labour force. This 
work is being carried out already and tables of the 
numbers employed in the major industries appear 
in the various issues of the Monthly Digest of 
Statistics. The information furnished has direct 
bearing on the production question. It appears 
from the latest issue of the Digest that 440,000 more 
people are employed by the Government and local 
authorities than in 1939. The increase in the non- 
industrial Civil Service is 296,000. Apart from any 
other considerations, it is obvious that this growing 
diversion of potential producers from the manu- 
facturing field to the sphere of unproductive “ paper 
work ” underlines the necessity for employing those 
who remain productive in the most effective manner. 

The whole question of manpower stocktaking is 
dealt with in an informative way in the August issue 
of Planning, the broadsheet issued by the organisa- 
tion which has now become familiar under the 
initials ‘‘ P.E.P.”—in full, Political and Economic 
Planning. The information on which the tables of 
employment in various industries, appearing in the 
Monthly Digest of Statistics, are based, is not stated, 
and it may be noted that the numbers are described 
as “‘ estimated.” Planning asserts that all estimates 
of occupational distribution later than the census 
of 1931 are extremely speculative. It gives a table, 
however, in a different form and in some respects 
more detailed than the Government return. From 
the present point of view, which is concerned with 
production, it is important to note that the non- 
operative workers in industry, that is, the adminis- 
trative, technical and clerical staffs, which, in 1924, 
represented 10-5 per cent. of the whole, in 1945 had 
increased to 14-0 per cent. Undoubtedly, this effect 
is partly due to the increasing amount of statistical 
and semi-Governmental work which industrial 
firms are now required to carry out, and for which 
they are not paid; it is also, however, a conse- 
quence of the increasing complexity of modern 
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manufacturing processes. This rise in the non- 
productive element in industry is not necessarily 
bad or undesirable in itself, but it must be allowed 
for in any attempted computation of the labour 
force available for actual manufacturing. 

One effect of the war has been a considerable 
alteration in the regional distribution of labour. 
In 1939, 23-3 per cent. of all workers were engaged 
in London and the south-eastern area; in 1945, 
the proportion had fallen to 20-7 per cent. The 
opposite effect has been experienced in the south- 
west, where the percentage rose from 4-7 to 5-1. 
During the same period, the percentage of female 
labour increased in almost all districts, rising from 
31-5 to 42-7 in London and the south-east, and 
from 13-9 to 30-2 in Wales. These changes were 
due to causes which are well understood ; some of 
them were of a temporary nature, and with their 
disappearance there will be a tendency towards the 
re-establishment of the pre-war condition, but others 
are of a more permanent character. One of these 
is the withdrawal of men from the labour pool for 
service in the Forces and their replacement by 
women. The extreme condition created by the 
war has already been modified, but all indications 
suggest that the armed Forces will remain at a level 
far above that of the past. Another cause which 
may permanently affect labour distribution is the 
establishment of large manufacturing plants in 
districts previously of a non-industrial nature. 

Full information about the present state of affairs, 
or the potentialities of the future, can only be 
obtained by a detailed labour census. This is the 
first step in the elaboration of a scheme of full 
employment. It is, however, far from the last step. 
A phenomenon of acute importance is the tendency 
for labour to be influenced by the type of work, 
tather than the wages, in choosing a job. A coal- 
miner working at the face can earn 500l. a year, 
but there is no indication of a wide desire to take 
advantage of this inducement. The difficulty of 
recruiting labour for the foundry trade is another 
case in point, to which we have referred on several 
recent occasions. These are special cases, the details 
of which are fully understood, but a comprehensive 
labour policy requires that similar full details should 
be available about all industries. If they were, a 
more informed policy of the redistribution of labour 
returning to civilian employment from the Forces 
and armament factories might be adopted. Such 
labour cannot be directed to its future occupations, 
but it can be influenced by the activities of training 
centres and by informed advice. The policy of full 
employment is not only concerned with the pro- 
blems of the moment, which are relatively easy ; its 
main task is to build up a system which will stand 
the strain of lean years. The manpower of the 
future is now at school. If full information were 
available about the conditions and requirements of 
all important industries, much might be done in the 
technical and trade schools towards ensuring an 
adequate supply of the right kind of labour. 

To maintain such a desirable state of affairs, 
however, will require a more realistic attitude 
towards the inevitable circumstances than has been 
evident hitherto in some quarters; and, more 
especially, the relaxation of some of the restrictions 
which, at present, prevent the employment of avail- 
able manpower on available work merely because of 
uncompromising adherence to the letter of purely 
artificial rules. On the office side, too, there is need 
for a more adaptable state of mind than that indi- 
cated by the verbal complaints and letters that we 
have received (another of which is published on 
page 184, of this issue) regarding the operation of the 
Professional Engineers’ Appointments Bureau’ and 
the Technical and Scientific Register. That those in 
charge of these organisations are doing their best 
to find posts for all who apply, we do not question 
for a moment, but they cannot create jobs. The 
most that they can do is to establish introductions, 
and if the employer insists on applying some restric- 
tion, such as an age limit, which rules out a large 
proportion of the applicants, the blame does not 
rest with the employment agency. It would seem, 
from these and other indications, that the general 
desire for something approaching absolute security 
for the individual is in danger of promoting in some 
directions a regrettable stagnation. 








STANDARD 11-KV TRANS- 
MISSION LINES. 


TxHovuGH development has not been uniform, it is 
true, as a general statement, that a public supply of 
electricity is now available throughout the urban 
districts of the United Kingdom and that nearly 
75 per cent. of the premises in rural areas are also 
connected to the mains. The load which still 
awaits connection consists principally of small 
hamlets and isolated farms to supply which pre- 
sents many problems, both technical and econo- 
mic. These problems can perhaps be most con- 
veniently summarised by saying that the mileage 
of line operating at a pressure of 11 kV, or less, 
required to bring consumers of this type on to the 
mains exceeds the mileage of line in the same 
category which is already in existence. It is, 
therefore, obvious that if such premises are to be 
provided with an electricity supply at a price which 
is simultaneously attractive to the consumer and 
remunerative to the undertaking, economy must 
be the keynote in construction, design and equip- 
ment. This economy, moreover, must be secured 
without unduly sacrificing the benefits of con- 
tinuity and without relaxing the precautions 
necessary for safety. 

The problem which these conditions impose 
was foreseen nearly ten years ago, when there was 
still reason to hope that rural electrical development 
would go forward unhampered by high political 
influences. In that year, therefore, the Electricity 
Commissioners issued a circular letter to the elec- 
tricity supply authorities. This permitted certain 
relaxations in the construction of lines operating at 
pressures not exceeding 11 kV, and the sectional 
area of which did not exceed 0-04 sq. in. Develop- 
ment in rural areas was thus facilitated. Early in 
1939, a sub-committee of the British Electrical and 
Allied Industries Research Association began investi- 
gations which led to the drawing up of a draft 
specification for 11-kV overhead lines. This specifi- 
cation also embodied a number of relaxations of the 
existing regulations; and certain lengths of lines 


constructed in accordance with its provisions were | 


erected for trial purposes by the Shropshire, Worces- 
tershire and Staffordshire Electric Power Company. 
The experience gained from the use of these lines 
was so satisfactory that, in September, 1942, the 
Electricity Commissioners permitted still further 
modifications of the regulations and asked the British 
Standards Institution to prepare the appropriate 
standard specification. This specification has now 
been drawn up by a sub-committee, consisting 
mainly of engineers connected with electricity 
supply undertakings. It not only consolidates 
the relaxations to which we have just referred, but 
extends them to cover overhead lines with con- 
ductors not exceeding 0-05 sq. in. in cross-section 
and operating at line voltages up to and including 
11 kV. The resulting document, which was pub- 
lished last week, contains so many interesting 
features that it is worthy of detailed comment. 

In the first place, it differs from the usual British 
standard specification in that, instead of specifying 
quality, performance and tests only, it deals with 
the whole of the components required and their 
method of assembly on the line. It also includes 
a complete series of drawings. It is hoped in this 
way to secure a general adoption of the type of 
construction described; and thus, by the mass 
production of standardised components, to reduce 
capital costs and facilitate the delivery of materials. 
Another principal aim has been to keep the design 
as simple as possible, compatible with reliable 
operation, while, as far as practicable, the materials 
and methods specified are those which have already 
proved satisfactory under service conditions. A 
further noteworthy point is that the type of line 
covered by the specification has been designed on 
a rational engineering basis, full advantage having 
naturally been taken of the operating experience, 
which the supply undertakings have acquired under 
widely varying conditions. Finally, care has been 
taken to rebut the charge that such rigid standardi- 
sation might retard development in design, by 
permitting the use of alternative materials and 
methods. In this way, it is hoped, a reasonable 
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degree of flexibility will be secured and specia} 
climatic and other local conditions met. 

Dealing with the specification in detail, it should 
be mentioned initially that it applies to both three. 
phase and single-phase distribution lines operating 
at line voltages not, exceeding 11 kV and using 
hard-drawn copper conductors with cross-sectional 
areas of 0-025 sq. in. and 0-05 sq. in. The stringing 
conditions for these conductors require a factor of 
safety of 2-5 with a wind loading of 16 lb. per 
square foot on the bare conductor. This is equiva. 
lent to a wind of 70 m.p.h. It is interesting to 
note that the old Board of Trade Regulations for 
Overhead Lines required a factor of safety of five 
with the same wind loading, which in the light of 
present experience, erred on the conservative side. 
The progressive relaxation of this factor of safety, 
however, has been found feasible as the result of 
extensive experience, combined with considerable 
research and a greater knowledge of physical data. 
That it is justified is shown by the fact that lines 
erected to this specification have proved satisfactory 
during six winters. Experience has also shown that 
no vibration trouble is likely to be experienced with 
the conductor sags and tensions laid down. These 
sags and tensions, which are fully tabulated in the 
specification, have been calculated on the assumption 
that wooden poles are flexible, not rigid, supports; 
and it is hoped that this practice will be adopted. 

As regards the supports themselves, the factor of 
safety has been reduced from the original figure of 
ten to 2} for imported and to 3} for home-grown 
poles, the reason being that experience with the 
former has been consistently good over a period of 50 
years. A minimum diameter of 6} in. at 5 ft. from 
the butt has been specified to ensure that the deflec- 
tion at working load will not be excessive. After 
many alternative arrangements had been considered, 
it was decided that the conductors should be spaced 
horizontally, as world-wide experience has shown 
that this gives rise to the least trouble and that 
by its use breakdowns due to clashing conductors 
are reduced. It also has the advantages of being 
simple and of permitting a certain amount of inter- 
changeability between angle and section poles. 
Further, its employment has enabled the minimum 
height of the conductor from the ground at any 
| point in the span at a temperature of 122 deg. F. 
to be reduced from 20 ft. to 17 ft., a concession 
| which will have a considerable effect upon costs. 

Perhaps, however, the most fundamental difference 
between a line designed to this specification and the 
| generality of overhead construction in this country 
is that it will enable full advantage to be taken of 
the insulation value of the wooden pole by leaving 
the metal work supporting the insulators and the 
stays unearthed. We understand that it has been 
found from experience at voltages even higher 
than 11 kV, that this practice leads to a reduction 
in troubles caused by power arcs to earth, lightning 
and insulator failures. It is also more economical, 
since where a continuous earth wire is used it must 
| be suitably placed above the line conductors and 
nc 
|earthed at each support. Such an arrangement 
| would be out of the question on rural lines owing to 
the cost. Equipment, such as transformer and 
switchgear supports, must, however, continue to be 
earthed and recommendations are made as to how 
this can best be done. 

In conclusion, a word may be said about the 
application of this specification. Under the Elec- 
tricity Supply Regulations, as at present amended, 
a British Standard Specification for overhead lines 
is mandatory. The electricity supply undertakings, 
were, however, adamant in resisting such compul- 
sion, as far as rural lines are concerned ; and their 
wishes have been met by issuing an additional 
regulation which makes the specification a statutory 
alternative to the adoption of other types of over- 
head line. This, it is felt, will have the advantage of 
making it unnecessary for detailed technical parti- 
culars of lines erected to this specification to be 
sent to the Electricity Commissioners for approval, 
though, of course, the consent of the Minister o 
Fuel and Power to erect a line along a specified 
route will still be required. On the other hand, 
technical particulars and drawings will have to be 
submitted with applications for consent to other 
forms of construction. 
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NOTES. 


Tue Street Boarp. 


Tue Minister of Supply (Mr, John Wilmot) has 
now announced some part of the Government’s 
intentions regarding the immediate control of the 
iron and steel industry, although he has still to dis- 
close the names of the component members of the 
Board which he will constitute for that purpose. 
The official statement is as follows: ‘‘ As announced 
in the House of Commons on April 17, the Govern- 
ment have decided to appoint a Board to be respon- 
sible to the Minister of Supply for the general control 
and supervision of the iron and steel industry. In 
their consideration of arrangements for the appoint- 
ment of the Board and of the various general ques- 
tions affecting the future operation of the industry 
in the United Kingdom, the Government have had 
the advantage of consultation with Dr. H. J. Van 
der Bijl, chairman of the South African Iron and 
Steel Industrial Corporation, whom they invited to 
become the first chairman of the Board. Dr. Van 
der Bijl, in view of his deeply rooted interests in 
South Africa, which required his presence there, was 
obliged to decline this invitation. He has, however, 
given the Government the benefit of his advice and 
has concluded the study which he undertook at the 
Government’s request. The Government have now 
decided that the Board should concentrate, under 
the Minister, on the supervision of the development 
and reconstruction of the industry and on the 
exercise of such continued direct control functions 
as may be necessary in such matters as production, 
distribution and prices. It will not, however, be 
part of the functions of the Board or of the members 
from the steel industry to advise the Government 
in connection with plans for public ownership. The 
preparation of such plans, with a view to the sub- 
mission of proposals to Parliament, will be treated 
by the Government as a separate matter. The Iron 
and Steel Federation have intimated that the indus- 
try will associate itself with membership of the 
Board on this basis, and will press on with the 
modernisation programme with all possible speed. 
Accordingly, the Minister of Supply is proceeding 
with the selection and appointment of members of 
the Board, including men with direct managerial 
experience of the industry. The names of the 
members of the Board will be announced shortly.” 
On Thursday of last week, the British Iron and Steel 
Federation stated that they had put forward the 
names of six representatives of the industry, from 
whom the Minister would select those who would 
serve on the Board. The names put forward were 
those of Sir James Lithgow, chairman of Messrs. 
Colvilles, Limited, and formerly Controller of Mer- 
chant Shipbuilding and Repairs; Mr. E. H. Lever, 
chairman of Messrs. Richard Thomas and Baldwins, 
Limited ; Mr. J. E. James and Mr. L. E. Mather, of 
the Lancashire Steel* Corporation; Mr. M. H. 
Rollason, of Messrs. John Summers and Sons, 
Limited ; and Mr. G. H. Latham, of the Whitehead 
Iron and Steel Company. 


THE TERCENTENARY OF JOHN FLAMSTEED (1646- 
1719). 

A special service was held, on Sunday, August 18, 
in the little parish church of Burstow, Surrey, to 
commemorate the Rev. John Flamsteed, the first 
Astronomer Royal, who held the living of Burstow 
for 35 years and is buried in the chancel of the 
church. The occasion was the tercentenary of his 
birth at Denby, near Derby, on August 19, 1646. 
The service was conducted by the present rector, 
the Rev. A. Hackblock, and the Rural Dean, 
Canon W. P. Godwin, and was followed by an 
address given by the present Astronomer Royal, 
Sir Harold Spencer Jones, the tenth holder of the 
office. It was the need for a better means of finding 
the longitude of a ship at sea which led Charles LI 
to order the building of Greenwich Observatory and 
to the appointment of Flamsteed as ‘‘ Our Astro- 
nomical Observator.” For this purpose, the first 
task was the compilation of a catalogue of fixed 
Stars, more extensive and more precise than any 
then existing. To this task, and the observation of 
the sun, moon and planets, Flamsteed set himself, 
having to live on a small salary and find not only 





his own instruments, but also his paper, pens and 
ink. Always dogged with ill-health, he overcame 
with marvellous resolution extraordinary difficulties, 
and, in the face of misunderstanding from some of 
his most eminent scientific contemporaries, laid the 
foundation of the fame of the Royal Observatory. 
In accuracy, said Sir Harold Spencer Jones, his 
observations far exceed those of his predecessor or 
contemporaries, and they were, in fact, the earliest 
observations from which the phenomenon of aberra- 
tion was clearly deducible. ‘Dressed in academic 
gown, the Astronomer Royal delivered his oration 
from the steps of the chancel, at the east end of 
which are the window and tablets erected to Flam- 
steed’s memory in 1887 by the late J. J. Tustin. 
The service was attended by many visitors, and 
representatives of various scientific societies. 


Nava ARCHITECTS’ AND ENGINEERS’ MEETING IN 
GLAsGow. 


The programme has now been issued for the 
joint autumn meeting of the Institution of Naval 
Architects and the Institution of Engineers and 
Shipbuilders in Scotland, to be held in Glasgow 
on September 24, 25 and 26. The first session, on 
the morning of Tuesday, September 24, opens with 
a civic welcome by the Rt. Hon. the Lord Provost 
of Glasgow, which will be followed by technical 
sessions in the morning and afternoon at which four 
papers will be presented and discussed. Those 
to be presented in the morning are on “ Ship Sal- 
vage,” by Mr. G. R. Critchley, C.B.E., M.A., and 
** Examination of the Records of the ‘Greyhound’ 
Experiments,’ by Professor A. M. Robb, D.Sc. 
The afternoon session will be devoted to a paper 
by Mr. M. Vedeler, M.Sc., on ‘‘ The Distribution of 
Load in Longitudinal Strength Calculations,” and 
another, by Mr. W. F. Spanner, R.C.N.C., entitled 
‘‘Some Notes on the Design of Trawlers and 
Drifters, with Particular Reference to Seaworthiness 
and Stability.” In the evening, an informal 
dinner will be held at the Grosvenor Restaurant, 
at which the Institution of Engineers and Ship- 
builders in Scotland will be the hosts. Wednesday, 
September 25, will be occupied by a whole-day 
steamer trip down the Clyde to the Kyles of Bute, 
the party disembarking at Gourock and returning 
to Glasgow by train. On Thursday, September 26, 
a technical session will be held in the morning, to 
hear and discuss two papers, namely, “ Aircraft 
Construction in Scotland,” by Mr. C. A. Oakley, 
B.Sc., and ‘‘ Some of the Ships of the Invasion Fleet, 
with Notes on their Development,” by Mr. R. Baker, 
O.B.E., R.C.N.C. For the afternoon, a programme 
of visits has been arranged to various shipyards and 
works on Clydeside. 


MunicrpaLt Evectriciry Suppty AUTHORITIES 
AND NATIONALISATION. 


Unlike the companies, which have adopted an 
attitude of uncompromising hostility to the Govern- 
ment’s proposals to nationalise the electricity 
supply industry, the Incorporated Municipal Elec- 
trical Association have decided upon the contrary 
policy. This is shown by the fact that this body, 
which represents 348 local-authority electricity 
undertakings in Great Britain and Northern Ireland, 
after a very full discussion, have declared their 
willingness to co-operate with the Government in 
arriving at the best form of reorganisation and admin- 
istration of the industry. They have also passed a 
resolution stating that the Association approves the 
Government’s policy of transferring the ownership 
and control of the generating stations and main 
transmission lines to a central body, and recom- 
mending that this body be the Central Electricity 
Board. <A third resolution approves the principle 
of public ownership of the whole of the electricity 
supply industry, and considers that in the best 
interests of the consumers and the nation the 
maximum amount of local-authority administration 
and control should be ensured in the distribution 
side of this vital public service. Finally, the Council 
of the Association are empowered through their 
appropriate committee to meet the Minister in order 
to submit and discuss the foregoing resolutions. It 
would, therefore, appear that the Association have 
retired to prepared defences from the advanced 








ing at the time of its annual convention in June. 
There may be two reasons for this. The first is 
that they hope to secure some advantage by adopting 
an attitude of greater tact than the companies have 
seem fit to assume. The second, which follows from 
the first, is that if they can persuade the Minister 
to listen to their representatives regarding the details 
of the reorganisation, they may be able to secure a 
scheme which will possess the advantages of 
“nationalisation ’’ without its disadvantages. It 
has been generally agreed for some time that the 
distribution side of the industry must be brought 
into line with modern requirements, as were the 
generating and main transmission sides years ago. 
Difficulty arises, however, when the extent to which 
this is to be done comes to be determined. Never- 
theless, upon the right solution of this problem will 
depend the development of the industry and the 
benefit to be derived by the public. This is where 
those concerned with the day-by-day operation 
of the supply undertakings can play a vital part. 


THE ScreENcE Museum. 


After having been stored away for safety during 
the past seven years, some of the most interesting 
and historically important objects from the Pure- 
Science Departments of the Science Museum, South 
Kensington, London, 8.W.7, have been brought 
together on the first floor of the Museum. Included 
are many unique and irreplaceable exhibits illus- 
trating the history and development of all branches 
of science coming within the scope of the Museum. 
In the astronomy section, the fine and elaborate 
orrery made by Thomas Wright in 1733, and once 
the property of King George III, is again on view, 
together with a number of terrestrial and celestial 
globes. Replicas of the telescopes of Galileo and 
Newton are on view and these may be contrasted 
with illustrations of work on the giant 100-in. and 
200-in. American telescopes of the present time. 
Included in the optics section are the red vellum 
telescope made by Christopher Cock in 1673 and 
Robert Hooke’s famous compound microscope of 
1675. Other exhibits in this section include magic 
lanterns, kaleidoscopes, stereoscopes, spectacles and 
opera glasses, while in the photography section the 
50th anniversary of the cinema is commemorated 
by early devices introduced before the use of 
celluloid film became general. The type of pro- 
jector used by Robert Paul at the Alhambra Theatre, 
London, in 1896, can be seen side by side with an 
early Edison “‘ peepshow,” the Kinetophone, in 
which a phonograph provided incidental music. 
In the chemistry section are to be seen exhibits 
showing how the artificial-dye industry originated 
in this country in 1856, and how such important 
discoveries as the composition of water and of air 
were made by famous British scientists. Instru- 
ments used in the first principal triangulation of 
the British Isles are shown in the surveying section, 
together with a representative collection of theo- 
dolites arranged in historical sequence. Among 
exhibits relating to sound are a series showing the 
development of the gramophone from the first 
Edison phonograph of 1877 to the modern electrical 
reproducing equipment. Other exhibits will show 
how a gramophone record is made and how sound 
is recorded and reproduced in a sound film. A 
series of exhibits of the Hydrophone system, used 
in the war of 1914-18 for the detection of submarines, 
but now completely superseded by Asdic, is of 
historical interest. Included in the meteorology 
section is an extensive range of illuminated trans- 
parencies of clouds, showing many striking photo- 
graphs taken from the air. Transparencies also 
illustrate other interesting phenomena, such as 
waterspouts, solar haloes, lunar coronz, auroras 
and rainbows. 


INSTITUTIONAL CEREMONIAL. 


In the July issue of the Journal of the. Institution 
of Electrical Engineers it was announced that, from 
the beginning of the next session, all those admitted 
to corporate membership, by election or transfer, 
will be given the opportunity to participate in a 
ceremony of welcome, either in London or at a 
local centre or sub-centre. No rigid procedure is 








position of some vulnerability which it. was occupy- 


laid down for this welcome, but a form of words 
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is suggested which would serve to indicate the 
double purpose of the ceremony, namely, to intro- 
duce the new member to, his fellow members and 
to impress upon him that his admission carries with 
it not only personal rights, but also professional 
duties and obligations to his colleagues in the 
profession. and to the community in general. The 
proposal is that the President (or the chairman of 
the meeting, as the case may be) should publicly 
assure the member that “‘ It gives me great pleasure 
to welcome you as a Corporate Member of this 
Institution, responsible as such for maintaining 
our high traditions and for promoting the aims 
denoted in our Royal Charter.” Presumably, this 
address will be delivered only once at a given 
meeting, to the new members collectively who may 
be present, as a separate welcome and exhortation 
to each individual would occupy an undue time 
and the effect would be weakened by too frequent 
repetition. As the President (Dr. P. Dunsheath) 
observes in a comment on the new procedure, 
hitherto the admission of a new member to the 
Institution has been accompanied by no more 
ceremonial than the mere entry of another name 
in the register, whereas the practice elsewhere has 
been to accord him a personal welcome. There is 
much to be said for a modicum of ceremonial in 
such matters, even though the great size of some 
of the senior institutions, and the fact, not to be 
denied, that many applicants for membership of 
them are seeking for no more than “letters after 
their names,” may be adduced as arguments against 
a formal welcome. When the Institution of Mech- 
anical Engineers, some years ago, introduced the 
custom whereby the President invites a newly- 
elected honorary member to inscribe his name in 
the register, coram populo, the innovation induced 
somewhat mixed feelings among the members, 
many of whom inelined to deprecate what appeared 
to them as undesirable theatricality. Since, in 
practice, the role of the rank and file in such an 
election is only to confirm a decision of the Council, 
it might be held that a signature appended in the 
presence of the Council only would satisfy all 
requirements and, possibly, be preferred by the 
honorary member himself. It must be admitted, 
however, that few are reluctant to participate in 
the ceremonies of, say, City livery companies, the 
form of which has become traditional by centuries 
of usage, and it may be that future generations of 
engineers will come to regard a touch of institutional 
showmanship in a similar light, even though the 
present generation may question the need for it. 





LETTER TO THE EDITOR. 


THE PROFESSIONAL ENGINEERS’ 
APPOINTMENTS BUREAU. 


To THE Eprror oF ENGINEERING. 


Smr,—The remarks of your correspondent, 
** A.M.I.Mech.E. (London),” regarding the activities 
of the Professional Engineers’ Appointments Bureau 
are of rather special interest to me, because I 
registered with the Bureau in the first week after 
its opening and, up to July of this year, it had 
failed to find me employment. On one occasion, 
when I telephoned them, I was informed that, 
while they had more vacancies than applicants, 
they had difficulty in placing men over 40 years of 
age because the majority of jobs notified to them 
stipulated an age limit not exceeding 35. 

In an interview at the Technical and Scientific 
Register of the Ministry of Labour, I was given 
similar information ; in fact, they went so far as to 
say that, in the case of men over 50, the position was 
almost hopeless. After nine months’ search for 
employment, and after answering some 250 adver- 
tisements, I found a post through a daily newspaper. 
It may be of interest if I mention that the company 
by whom I am now employed received more than 
150 replies to one advertisement of the vacancy. 

Yours faithfully, 
ANOTHER A.M.I.Mzcu.E. 
(aged 43). 


Middlesex. 
August 17, 1946 








OBITUARY. 


MR. S. V. WILLIAMS. 


WE note with regret the death of Mr. Stanley 
Vaughan Williams, which occurred at his home, 
17, Woodhill-crescent, Kenton, Middlesex, on 
August 8. Mr, Williams, who was only 43 years 
of age, was in charge of the metallurgical staff at 
the research laboratories of the General Electric 
Company, Limited, Wembley, Middlesex. He was 
born at Brymbo, Wrexham, North Wales, and 
educated at Grove Park School, Wrexham, after- 
wards attending the University College, Swansea, 
where he studied metallurgy under Principal C. A. 
Edwards, F.R.S. Mr. Williams obtained the 
Honours B.Sc. Degree of the University of Wales in 
August, 1924, and later in the same year joined 
the staff of the General Electric Company, Limited, 
as @ student in the research laboratories at Wembley. 
Six months later he was appointed to the permanent 
staff and, in 1929, was made a member of the 
leading scientific staff. In 1938, Mr. Williams took 
over the leadership of the metallurgical group at 
the laboratories. He was elected a member of the 
Institute of Metals in 1922, a member of the Iron 
and Steel Institute in 1937, and had recently been 
made a Fellow of the Institution of Metallurgists. 

Mr. Williams served as secretary of the London 
local section of the Institute of Metals from 1936 
to 1938 and had recently been appointed its 
chairman for the two years 1946-48. Among his 
contributions to technical literature may be cited 
a@ paper on high-temperature resistance alloys, 
presented before the Institute of Metals in 1928, in 
collaboration with Dr. C. J. Smithells and Mr. J. E. 
Avery, and another paper on melting nickel- 
chromium in hydrogen, submitted to the same 
Institute in 1931, in collaboration with Dr. Smithells 
and Mr. E. J. Grimwood. Mr. Williams was a 
member of the Development Committee of the 
British Cast Iron Research Association and of 
various sub-committees of the British Non-Ferrous 
Metals Research Association. 





MR. E. S. SAUNDERS, O.B.E. 


WE also regret to record the death of Mr. E. S. 
Saunders, which occurred at Langham, Norfolk, on 
Tuesday, August 13, at the age of 70. Edgar Stop- 
ford Saunders was born in London on January 15, 
1876, and was educated at Dulwich, and the City 
and Guilds College, South Kensington. He sub- 
sequently served a three-years apprenticeship 
with Messrs. Crompton and Company, Limited, 
Chelmsford, after which he was appointed chief 
assistant in the Electricity Supply Department of 
the Bradford Corporation. In 1901, he joined the 
Sales Department of the British Westinghouse 
Company, and three years later became electrical 
engineer to Messrs. Guest, Keen and Company, 
Limited. In 1908, he was appointed general mana- 
ger for the Indian Empire to Messrs. Siemens 
Brothers Dynamo Works, Limited; and for the 
next seven years was engaged on the erection of 
colliery, hydro-electric, and steelworks plant. 

On the outbreak of the 1914-18 war, Mr. Saunders 
returned to England and obtained a commission as 
Lieut.-Commander in the Royal Naval Volunteer 
Reserve. He was subsequently transferred to the 
Royal Air Force on its formation, and held a position 
at the Air Ministry in connection with the produc- 
tion of technical stores, especially magnetos. After 
demobilisation, he returned to India as technical 
manager to Messrs. Ironside and Company, consult- 
ing engineers, Calcutta, but in 1922 he joined the 
sales department of Messrs. J. Stone and Company, 
Limited, with whom he remained for the next five 
years. He subsequently held a similar position in 
the cable department of the General Electric Com- 
pany, Limited, until he joined the administrative 
staff of the London and Home Counties Joint 
Electricity Authority in 1930. He retired from that 
position in 1941. 

Mr. Saunders was elected an associate of the 
Institution of Electrical Engineers in 1898 and was 
transferred to the class of member in 1912. He was 
appointed an Officer of the Order of the British 
Empire for his war services. 





HIGH-FREQUENCY GENERATOR 
FOR INDUSTRIAL HEATING. 


THE increasing use which is being made of eddy 
currents for the heating of metals and for the dielectric 
heating’ of‘ non-conductors, has led ‘to the design of 
high-frequency generators of a type suitable for meeting 
these demands. One of these generators, which has 
recently been introduced. by, the General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, is supplied from the three-phase mains at 
360 volts to 440 volts and a frequency of 50 cycles per 
second, and requires about 40 kW at full load. Its 
continuous output rating is 25 kW and the operating 
frequency range is from two to 15 megacycles per 
second, each generator being sent out adjusted accord- 
ing to suit the particular type of application. A 
radio-frequency filter is included in the main frequency 
circuit to prevent the leakage of radio frequencies into 
the supply mains. Current is fed from this circuit to 
a three-phase full-wave rectifier circuit, which incor- 
porates six mercury-vapour rectifier valves. This 
cireuit, in turn, supplies the radio-frequency self-oscil- 
lator circuit in which two valves in push-pull with 
crossed capacity feed-back are connected. Separate 
transformers are used to supply current to the filaments 
of the rectifier and oscillator valves and to give a supply 
at 240 volts for operating contactors and other 
auxiliaries. Accurate operating conditions, even with 
fluctuating supply voltage, are ensured by connecting 
a voltage-stabilising transformer in the filament 
circuit of the oscillator valve. 

The oscillator valves are air-cooled by a motor- 
driven fan which draws air through a series of filters to 
remove the dust. These filters are placed so that 
incoming air ventilates the generator as a whole before 
being pumped past the oscillator valve. This arrange- 
ment obviates the necessity for using water cooling, 
though when eddy-current heating is being employed 
it is usually essential to cool the heating coil by passing 
a small amount of untreated mains water round it. 

The generator is contained in a welded-steel dust- 
proof cabinet, which is partitioned into two sections. 
The larger of these incorporates the power and high- 
voltage rectifier equipment, while the smaller houses the 
high-frequency oscillator gear. Access to the former is 
by a door in the front panel, on which all the controls 
are fixed; and to the latter through two removable 
panels on each side of the recess in which the heavily 
insulated output terminals are placed. Both the door 
and panels are fitted with Yale-type locks, and, in 
addition, the door has an interlocking key which must 
be inserted in a socket on the switch panel before the set 
can be used. As a further precaution, the door and 
panels are fitted with electrical safety switches, which 
automatically disconnect the high-tension power if they 
are opened or removed. A panel in the larger compart- 
ment carries the main and high-voltage contactors, as 
well as an overload relay and a cut-out which operates 
should the cooling-air supply fail. The anode circuits 
of the rectifier valves are also fitted with high-voltage 
fuses. 

The main controls on the front panel comprise a 
rotary “‘on” and “ off”? switch for the main supply, 
a high-voltage “ start-stop”’ contactor push button, 
and a switch controlling the output power. There 
are also the interlock key switch, which has already 
been mentioned, and contact buttons for resetting the 
overload trip. A pre-set “high-power and low-power 
switch” is situated inside the power compartment 
door. If desired, a Chamberlain and Hookham process 
timer can also be fixed on the panel, the time units 
available being 0 to 10 seconds, 0 to 100 seconds, 0 to 
10 minutes and 0 to 50 minutes. Moreover, a Salford 
valve voltmeter can be supplied when, as in dielectric 
heating, it is desired to measure the radio-frequency 
voltage across the electric heaters. An indicator unit 
for this voltmeter is incorporated on the main panel, 
and to this the high-voltage measuring head is con- 
nected by a low-voltage unscreened lead through a 
socket on the generator end-panels. 

As a guide to what this set can do within average 
conditions, the makers state that it is capable of raising 
the temperature of 40 lb. of ferrous, or 18 lb. of non- 
ferrous, metal through 100 deg. C. in a minute. It can 
also harden 10 sq. in. of steel surface to a depth of 
30 thousandths of an inch in from 5 seconds to 10 
seconds and 2 sq. in. to 3 sq. in. of steel to a depth of 
about 10 thousandths of an inch in about one second. 
It can pre-heat 12 Ib. of plastic material in one minute, 
evaporate 50 Ib. of water from a charge in an hour, and 
heat 12 Ib. to 15 Ib. of seasoned wood through 100 deg. C. 
in a minute. 





COMMONWEALTH RESEARCH FELLOWSHIP.—Mr. Derek 
J. Price, B.Sc., a research student of the South-West 
Essex Technical College, Forest-road, Walthamstow, 
London, E.17, has been awarded a Commonwealth 
Research Fellowship, which he will hold at the University 
of Pittsburgh, U.S.A., as from September, 1946. 








ig 


ry as @2Oo wi es 


ows 








AUG. 23, 1946. 


_ENGINEERING. 


185 





STEEL SHOE 





STEEL SHOE BEAMS FOR ELECTRIC 
ROLLING STOCK. 


Stxce the earliest days of railway electrification, 
when the current is taken from a conductor rail, it 
has been the general practice to carry the collector 
shoe on a wooden beam, and on lines where automatic 
train stops are fitted it was a natural development to 
mount the trip cock also on this beam. When supplies 
of high-quality timber were readily available and speeds 
were relatively low, good service was obtained from 
these beams for which teak was generally used, as it 
possessed fair mechanical strength and good electrical 
qualities. With such beams, it was usually satisfactory 
to secure the collector-shoe suspension bracket directly 
to the beam, but as the best quality timber became 


scarce, it was found advisable to improve the insulation | 


by inserting vulcanised-fibre sheet between the shoe 
bracket and the beam, and by bushing the bolt holes 


with the same material. In place of teak, and to meet | 


the increased loading due to higher speeds, some rail- 
ways employed Austrian oak, and with this wood it 
proved essential to use additional insulation, as the 
specific resistance of oak is generally lower than that 
of teak. The original simplicity of the wooden beam 
has thus disappeared, and the difficulty in obtaining 
suitable wood, combined with the increasing severity 
of the service, has caused the London Passenger Trans- 
port Board to find an alternative in a steel shoe beam, 
as shown in the illustration herewith. 

The new beam, which has given good service, consists 
of two lengths of 1}-in. bore solid-drawn heavy-gauge 
tubing, the ends of which are clamped in fabricated 
steel brackets. The brackets are bolted to the lugs on 
the axleboxes which originally carried the wooden beam, 
and the bracket at one end has an elongated hole for 
the securing bolt, to allow for relative movement 
between the axleboxes. The seatings in the brackets 
and the clamps are machined to fit the tubes and the 
corners are well rounded so as to avoid high local 
stresses and damage to the tubes. To prevent the 
tubes moving longitudinally, the outer ends only of 
the clamps are welded to the tubes. Over the length 
between the clamps each tube is insulated with var- 
nished cambric, treated between layers and overall 
with an insulating enamel. For that portion of the 
tubes covered by the clamps securing the shoe suspen- 
sion bracket and the trip-cock, a pressboard wrapping, 
encircling both tubes, is provided and secured by 
stitching. To prevent the collection of dirt in the 
pocket between the tubes and the wrapping, this 
space is filled by a vulcanised-fibre packing piece. The 
ends of the wrapping are retained by wooden clamps 
with wood screws, and both the wrapping and the 
clamps are treated with insulating enamel before and 
after assembly. The shoe bracket and the trip cock 
are secured by clamps embracing the tubes and the 
clamp bolts pass between them. Safety loops are 
fitted to the bogie frame at each end of the beam. So 
far, results show that the steel shoe beam is mechani- 
cally and electrically an improvement upon the wooden 
beam, and that, for existing stock, it is a satisfactory 
solution of the timber difficulties. 





ROYAL AGRICULTURAL SHOW IN 1947.—The next Show 
of the Royal Agricultural Society of England will be held 
at Lincoln from July 1 to 4, 1947, on a 100-acre site. 
The Show will include displays of the new machinery 
which made possible the advance of British agriculture 
during the war. Special emphasis will also be laid on 
educational matters and on the results of recent agricul- 
tural research. The last Show was held in Windsor 
Great Park in 1939. 





BEAM; L.P.T.B. 





THE BRITISH SHIPBUILDING 
RESEARCH ASSOCIATION. 


THE first annual report of the British Shipbuilding 
Research Association actually covers a period of 20 
months, from April 29, 1944, to December 31, 1945 ; 
and as it was issued at the end of July, 1946, it must 
be regarded rather as a record of preliminaries than as 
a pointer to the present condition of the Association 
and its work. As is explained by Sir Wilfrid Ayre, 
who is chairman of the Council, many difficulties have 
combined to delay publication of the report, and its form 
and contents, now that it has appeared, are not to be 
taken as any indication of the nature or design of future 
reports. It does, however, he claims, ‘‘ represent the 
attainment of a very definite stage in the life of the 
| Association.” Subsequent reports will probably cover 
| twelve-monthly periods, ending on September 30 in 
| each year, though no final decision has been taken yet 
|on this point ; and they may be expected to deal more 
| with the results and progress of the research work 
and to devote less space to general affairs. 

The Association was formed by the Shipbuilding 
Conference with the active support and assistance of the 
| Department of Scientific and Industrial Research, and 
| was incorporated on April 29, 1944—the date which is 
jthe starting point of the report. The Director of 
| Research, Dr. S. L. Smith, commenced his duties on 
| September 1, in the same year, and the secretary, Mr. 
| J. C. Asher, on December 1. Early in 1945, Dr. J. F.C. 
Conn was appointed naval architect to the Association 
and Mr. E. Ower as intelligence officer ; and on July 1, 
1945, Mr. R. Cook joined the staff as marine engineer. 
The recruitment of further staff proceeded steadily 
until, at December 31, 1945, the total personnel 
numbered 34. Office accommodation was found 
temporarily at 1, Chester-street, London, 8.W.1, the 
headquarters of the Shipbuilding Employers’ Federa- 
tion, and eventually a permanent address was secured 
at 5, Chesterfield-gardens, W.1. 

The Council comprises 12 members, including the 
chairman (Sir Wilfrid Ayre) and the vice-chairman 
(Sir G. Tristram Edwards), appointed by the Ship- 
building Conference ; one (Sir Frank E. Smith, F.R.S.) 
appointed by the Department of Scientific and Indus- 
trial Research; and Sir Amos L. Ayre, K.B.E., ex 
officio, as Chairman of the Shipbuilding Conference. 
Directly responsible to the Council are the Research 
Board (chairman, Sir Maurice Denny, Bt.), the Office 
Bearers and Finance Committee (Sir Wilfrid Ayre), and 
the Shipbuilders/Shipowners Liaison Committee (Sir 
Wilfrid Ayre); and responsible to the Research 
Board and the Hydrodynamics Committee (Dr. J. M. 
McNeill), the Ships’ Structures Committee (Mr. Charles 
Connell), the Ships’ Machinery Committee (Mr. Harry 
Hunter), and the Ships’ Performance Committee (Sir 
Wilfrid Ayre). The Hydrodynamics Committee has 
two sub-committees, dealing respectively with the study 
of the Hull (Mr. J. A. Milne) and Propulsion (Mr. J. F. 
Allan). The sub-committees of the Ships’ Structures 
Committee are concerned with Structural Strength 
(Mr. R. B. Shepheard) and Local Strength and Materials 
(Mr. J. L. Adam), and there is a Vibration Joint 
Sub-Committee, with Mr. G. H. Forsyth as chairman, 
linking the Local Strength and Materials Sub-Committee 
with the Steam Sub-committee (Mr. P. L. Jones) of the 
Ships’ Machinery Committee. Other sub-committees 
of the Ships’ Machinery Committee deal with the 
Internal-Combustion Engine (Mr. W. H. Purdie), 
Auxiliary Plant (Professor C. H. Lander), and Materials 
(Dr. 8. F. Dorey). Finally, there are two sub-commit- 
tees of the Ships’ Performance Committee, which are 
concerned with the Ship (Mr. W. T. Butterwick) and the 
Machinery (Mr. P. L. Jones), respectively. 

The Association is a company limited by guarantee 











and having no share capital. Its memorandum and 
articles of association follow a standard model approved 
by the Department of Scientific and Industrial Research 
with modifications to adapt them to the special needs 
of the industry, and provide a wide scope of action for 
the purpose of promoting and facilitating research and 
other scientific work in the interests of the ilding 
industry, and its associated trades and indust The 
articles of association provide for three classes of 
members, namely, ordinary members, associate mem- 
bers, and nominate members. . At present, the roll 
contains only 76 ordinary members, and none in the 
other categories. 

At an early stage, the Couneil decided to apply to 
the Department of Scientific and Industrial Research 
for grant aid. The application was accepted, and 
financial assistance was offered to the Association on a 
five-year basis which required the Association to raise 
at least 50,0001. in its first year in order to qualify for 
a block grant of 30,0001. For every 100l. raised in 
excess of 50,000/., the D.S.I.R. would grant an addi- 
tional 1001. up to a maximum of 30,0001 Similar 
terms applied to the second year, but in the third and 
subsequent years the requirement was increased, the 
Association having to find a minimum of 80,0001. to 
qualify for a grant of 40,0001, with a further 100. 
per 1001. raised in excess of the initial 80,000/., up to 
a maximum of 40,0001. This offer was accepted by 
the Association, and the scheme is now in operation. 

During the period covered by the report, the main 
activity of the Research Board and the various com- 
mittees was to prepare a programme of research. To 
this end, the Director visited the establishments of a 
large number of member firms to ascertain their views, 
which were co-ordinated with other suggestions, 
received in correspondence with persons and organisa- 
tions connected with ships, and eventually a draft 
programme was drawn up. -diseussion in the 
committees and sub-committees, the amended draft 
received the approval of the Research Board and, 
finally, of the Council. While this work was proceeding, 
inquiries were made regarding facilities for carrying out 
the programme envisaged. A report, covering a large 
part of the programme, was made to the Council on this 
question by the Director, who also submitted an esti- 
mate of the cost. After due consideration, the Council 
accepted the report, and authorised the researches to 
be put in hand. It is stressed, however, that this 
programme, as accepted, is not rigid and final ; it may 
be extended or modified in the light of changing 
circumstances and suggestions of this kind are invited. 

It is foreseen that, during the first few years, most 
of the Association’s researches will have to be carried 
out in establishments not directly under its control ; 
hydrodynamic research, for instance, will be under- 
taken at the tank at Teddington, where it is proposed 
to carry out systematic series of experiments designed 
to fill gaps in the existing knowledge of the resistance 
of ocean-going merchant ships. The Association has 
taken over the methodical series work initiated by the 
Shipbuilding Conference to find the effect of systematic 
variations in the position of the longitudinal centre 
of buoyancy and of change in bilge radius. The tanks 
owned by member firms are to be used in these investi- 
gations. Professor L. C. Burrill is carrying out experi- 
mental work at King’s College, and Dr. G. S. Baker is 
engaged on a survey of existing information relating 
to this part of the programme. Work on ships’ 
structures is being undertaken at the Imperial College, 
London, under Professor A. J. 8. Pippard, for which 
purpose the Association is co-operating with the 
British Welding Research Association, the British Iron 
and Steel Research Association and the Admiralty 
Welding Committee. Mr. W. Muckle, at King’s 
College, Newcastle, is surveying existing information 
on light alloys and their possible applications in ship 
construction. Arrangements have been made with the 
Institute of Welding for the Association to take over 
the testing of composite items of ships’ structures, 
which were being carried out by the Institute in con- 
junction with the British Corporation Register. 

On the machinery side, the Association is making 
use of the Engineering and Physics Divisions of the 
National Physical Laboratory ; and other experimental 
work is being conducted at the Imperial College, 
London, under Professor C. H. Lander, at the Royal 
Technical College, Glasgow, under Professor William 
Kerr and by Lloyd’s Register, under the supervision 
of Dr. 8. F. Dorey, who will also undertake experimental 
and analytical work on vibration problems. Professor 
Burrill also will be associated with the investigation 
of vibration, and so will the British Welding Research 
Association. It is hoped that Professor A. F. Burstall 
will be able to supervise work for the Association in the 
department of marine engineering at King’s College, 
Newcastle, when he takes up his duties there as 
professor in that subject. Work in the Ships’ Per- 
formance section of the programme will be undertaken 
by the staff of the Association in collaboration with 
member firms, shipowners, the N.P.L., and the manu- 
facturers of measuring equipment. 
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PISTON-GRINDING MACHINE. 


MESSRS. ARTHUR SCRIVENER, LIMITED, BIRMINGHAM. 





Fie. 1. 


PISTON-GRINDING MACHINE. 


THE machine illustrated in Figs. 1 to 3 has been 
developed by Messrs. Arthur Scrivener, Limited, 
Tyburn-road, Birmingham, for grinding the pistons 
of internal-combustion engines. It will handle pistons 
having a maximum diameter of 6 in. and a maximum 
length, below the lowest ring grooves, of 6 in., and will 
grind them with an oval cross section and a taper in the 
axial direction. The reasons for the adoption of these 
two departures from the truly cylindrical form may be 
briefly summarised as follows. As is generally known, 
the piston of an internal-combustion engine deforms in 
service under the intense local heat to which its upper 
part is subjected. The area on which the ring grooves 
are cut is generally finished with so much clearance 
between the piston body and the cylinder walls that 
deformation of this area is of no importance, the gas- 
tightness of the piston being provided for by the rings. 
This area is, therefore, not touched in the grinding 
operations, a condition which will be clear from Fig. 3, 
in which the ring area of the piston a being ground 
seen to project beyond the grinding wheel 6. It is the 


area “ below ” the bottom groove, commonly known as | 


the skirt of the piston, which is operated upon in the 
machine. 

The area in way of the gudgeon pin, however, should 
be ground so as to counteract the deformation which 
inevitably occurs in the radial direction. The bosses 
for the gudgeon pin absorb the most heat, so that the 
area surrounding them expands radially to a greater 
extent than do the relatively thin walls which join 
the bosses, the net result being that a cross-section 
through the cylinder in the plane of the gudgeon pin 
becomes more or less elliptical. This defect has long 
been recognised, and attempts have been made to 
counter it by providing relief either in the casting or 
in the subsequent machining processes, though the 
amount of relief is generally so excessive that these por- 
tions of the piston become so much lost area as far as 
bearing surface is concerned. In the machine here 
described, this area is ground with an elliptical contour 
in cross-section, which contour becomes a true circle as 
the piston heats up. There is, however, another expan- 
sion effect to be provided for, namely, that in the skirt of 
the piston which has thin walls without bosses or ribs 
to cause variation in circumferential uniformity. The 
degree of expansion in the skirt naturally varies 
throughout its length, since the temperature in the 
region towards the top is greater than that of the lower 
part, the upper part being normally kept hotter than 
the lower part by conduction from the hot crown, 
while the lower part is exposed to the crankcase tem- 
perature only. The result is that the piston should 
taper inwards from the bottom edge of the skirt to 
the bottom ring groove, but the taper is not perfectly 
conical in the vicinity of the gudgeon-pin bosses. In 
the vicinity of the bottom edge, the piston is virtually 
cylindrical. 
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The complex contour thus demanded is obtained in 
the machine by a cam which determines the movement 
of the face plate on which the piston is mounted, 
and therefore the relation of the piston to the grinding 
wheel. This cam cannot be distinguished in the general 
view, Fig. 1, though it is visible in the enlarged view of 
the work table, Fig. 2, and is indicated at c in the 
diagram, Fig. 3, as being carried on the spindle d and 
in contact with an abutment e. The spindle terminates 
in the face plate f against which the piston is pulled 
by the draw-bolt g passing through the centre of the 
spindle and embracing a substitute for the gudgeon 
pin. The spindle is mounted in bearings on the work 
table h, which also carries a gearbox i and a spindle- 
driving motor j. Transmission of the drive from the 
motor, which is of 1 h.p. and runs at 2,800 r.p.m., 
to the gearbox is by means of a belt and pean pee 
pulleys. The complete worktable is arrang to 
swivel in the horizontal plane round a point normally 





| situated approximately under the face plate, this swivel- 
ling movement being indicated, though to a very 
| greatly exaggerated amount, by the dotted outline 
| of the work table. It will be clear from Fig. 3, that the 
| swivelling of the table gives a tapering, or slightly 
| conical, form to the piston below the bottom ring 
| groove. The amount of taper is, practically speaking, 
| infinitesimal, so that the grinding wheel does not 
| require to have a conical periphery. 

| The relief for the area near the gudgeon pin bosses is 
| effected by the cam, which is keyed to the spindle. 
| It will be realised that, as the abutment e is fixed in 
| the transverse direction, rotation of the cam with the 
| Spindle pushes the worktable outwards, contact between 
| the cam and abutment, and the return of the table, being 
jensured by the spring-loaded plunger k acting on a 
| fixed abutment. The contour of the cam determines 
| the amount of ovality on the gudgeon pin arga of the 
| piston according to the particular type of piston being 
| ground. On each complete revolution of the spindle 
| and work, two outward and two inward movements of 
|the piston towards the grinding wheel are made, so 
| that the desired amounts of relief are obtained. The 
taper is varied by sliding the cam along the spindle, 
which is splined, the abutment being also simul- 
taneously moved, as is the pivoting point of the table. 
It will be apparent from Fig. 3 that the farther the cam 
is moved from the work the smaller will be the amount 
of taper ground on the skirt. The cam is seen in Fig. 2, 
with the abutment, this being in the form of a roller, 
which is visible as a dark disc between two light- 
coloured brackets. The drawbar is hydraulically- 
operated. Movement of the work to and from the 
grinding wheel, for the purpose of loading and unloading, 
is effected by a cam plate actuated by a hydraulic slide 
similar to the mechanism employed in the firm’s 
controlled-cycle centreless grinding machines, described 
in ENGINEERING, vol. 161, page 283 (1946). The 
grinding wheel is distinguishable in both Figs. 1 and 2 
as a black disc ; it is 20 in. in diameter by 6 in. wide, 
and ¢uns at 1,140 r.p.m., being driven by a 20-h.p. 
motor running at 1,440 r.p.m. The curved casing 
seen round the piston in both illustrations is a coolant 
splash guard. The approximate net weight of the 
machine is 87 ewt. 





RAILWAY AND ROAD TUNNEL IN CALIFORNIA.— 
According to The Railway Gazette, the California Depart- 
ment of Public Works is considering the feasibility of 
driving a 26-mile tunnel through the Tehachapi Moun- 
tains between Los Angeles and Bakersfield. The 
project envisages the building of a 66-ft. double-deck 
highway tunnel with a four-lane divided highway in the 
upper portion and a two-lane motor-lorry route and 
double-track railway in the lower. Such a tunnel would 
eliminate 65 miles of winding railway track, and would 
reduce hold-ups due to bad weather. 
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NOTES ON NEW BOOKS. 


A Primer of the Internal Combustion Engine. By H. E. 
Wivperis, C.B., C.B.E., M.A. New and revised 
edition. Constable and Company, Limited, 10, 
Orange-street, Leicester-square, London, W.C.2. 
[Price 5s. net.] 

Mucu literature has been published on the internal- 

combustion engine, but too often the theory has 

been dealt with summarily, if at all, though details 
of the various types of engines have been given at 
great length. On the other hand, those books which 
have dealt at greater length with the theory often 
incline to the opposite extreme, presenting the theory 
in a manner above the head of the average student and 
assuming that the reader is well acquainted with higher 
mathematics. The student, especially when approach- 
ing the subject for the first time, and forced by circum- 
stances to rely on text-books rather than tutors, is, 
therefore, at a disadvantage. This book continues to 
fill the gap between these two extremes, both the 
theoretical and practical sides of the subject being 
presented in a lucid manner which no first-year or 
second-year student should have difficulty in under- 
standing. After briefly outlining the history of the 
internal-combustion prime mover from the days cf the 
gunpowder engine up to the gas turbine, the author 
goes on to deal with the theory of heat and the laws 
of gases. These are treated in a most practical way, 
the discussion of the indicator diagram and the various 
methods of obtaining it being particularly clear. The 
remaining chapters deal, in turn, with fuels, gas pro- 
ducers, engine details and tests, and treat each subject 
in sufficient detail to give the student a sound introduc- 
tion to the internal-combustion engine in all its main 
aspects. It is a pity, however, that ignition and 
carburation are not dealt with at greater length and 
the accompanying diagrams, particularly on the ignition 
system, could be clearer. An illustrated description of 
the principles of fuel injection and metering equipment, 
both solid-injection and air-injection, would be a wel- 
come addition, but, in general, the book may be said 
to fulfil the author’s object, namely, to act as an intro- 
duction to his larger work on T'he Interna! Combustion 

Engine, and at the same time, to serve as a text-book 

for first-year and second-year students. 





The Early History of the Railway Locomotive, 1804-1879. 
By R. W. Krpner. The Oakwood Press, 30, White 
Horse-hill, Chislehurst, Kent. [Price 5s. 6d. net.] 


THE immense amount of research on early locomotive 
history that has been undertaken during the past 
30 years or so is well summarised by Mr. Kidner in this 
third part of his ‘‘ Short History of Mechanical Traction 
and Travel”; and the fact that the numerous line 
illustrations of locomotives are reproduced from 
sketches by the author is in the book’s favour as a 
record, for drawing, even more than writing, “‘ maketh 
an exact man.” Inevitably, it owes much to Ahrons, 
Dendy Marshall, Warren, Stretton and other investiga- 
tors and chroniclers of railway historical minutie ; but 
their more compendious works incline to be expensive 
and now are not easily come by, to the disadvantage of 
newcomers to this sphere of study. Mr. Kidner’s 
review provides them with a useful nucleus and starting 
point for more detailed collection and exploration. The 
addition of a bibliography, extended to include some 
of the earlier locomotive papers in institution trans- 
actions, would make it even more valuable. 





Lewis's, 1844-1944: A Brief Account of a Century's 
Work. H. K. Lewis and Company, Limited, 136, 
Gower-street, London, W.C.1. 


GENERATIONS of students at University College, London, 
have bought or borrowed text-books from ‘“‘ Lewis’s,” 
and many more, especially at the medical schools 
throughout the country, have availed themselves of the 
lending library founded by the enterprising Mr. Henry 
King Lewis in 1852, eight years after he had acquired 
the small book-selling and stationery business which 
occupied what was then 15, Gower-street North. Some 
of those students eventually became authors of other 
text-books of repute and were duly listed by Mr. Lewis 
and his successors in periodical catalogues which, in 
course of time, were expanded by the addition of 
engineering and scientific works covering practically 
every activity of the adjacent University College. Not 
only the medical profession, therefore, will find interest 
in the attractively personal centenary narrative in 
which the present chairman of the company, Mr. H. L. 
Jackson, takes them behind the scenes of a business 
which is certainly unusual, even in London, and quite 
possibly is unique in several respects. Whether the 
late Professor Ripper’s doubts concerning the wisdom 
of including engineering books in the lending library— 
an experiment which was tried, but discontinued—are 
equally valid in present circumstances may be debat- 
able ; the question might be worth reconsideration. 











LABOUR NOTES. 


Tue ‘ Editor’s Notes” in the August issue of the 
Amalgamated Engineering Union’s Journal are devoted 
to an examination of the position of Trade Unionism 
in nationalised industry. The writer suggests that 
“perhaps” trade unionists have not given all the 
attention they should have given to the nationalisation 
of the coal mines, They are concerned, chiefly, he goes 
on, with the problems of industrial relations under the 
new regime. “‘ We have a stake in it,” he says, “as a 
union. But we wonder whether as much thought has 
been given to the problem of maintaining trade union 
principles, methods of collective bargaining, and trade 
union organisation inside this socialised industry as 
was given to the financial aspects of its transfer from 
private to public hands. We have to remember, in 
the first place, that the conduct of the industry is in 
the hands of a National Coal Board which starts its 
career in an entirely new field of administration. Its 
responsibility is to manage, more efficiently than 
private employers manage, a nation-wide industry 
employing about three-quarters of a million under- 
ground and surface workers at the present time, not 
counting salaried staffs, technicians, and supervisory 
workers on the higher levels of administration.” 


‘“* Yet we must remember,” the writer of the Notes 
continues, “that of the nine members of the Coal 
Board, seven are not by experience, conviction, or 
profession associated with our organised movement. 
ae None of these seven, so far as we know, has 
ever declared himself to be a Socialist by conviction 
or by conversion. Only two of the nine members of 
the Board have any connection at all with the Trade 
Union Movement. On them necessarily lies a 
very heavy responsibility in maintaining the trade 
union point of view in the transitional stages of re- 
organisation through which the mining industry must 
now pass. But it seems to us perfectly clear that the 
responsibility of defining and defending trade union 
principles in connection with this huge socialised enter- 
prise cannot rest exclusively with these two men. The 
trade unions have a responsibility, too. Have they 
faced up to it?” 





“Tt is clear to us to-day,” the writer says, ‘“ that 
Socialisation does not mean, at any rate, in its present 
phase, the disappearance of the employer-employee 
relationship. Socialised industry, like the mining 
industry, is not going to be managed by convinced 
Socialists. Let us make up our mind as to that as a 
first governing fact. The unions will have to come to 
terms on questions of wages and conditions of employ- 
ment in the mining industry with a Board of Control 
that probably knows as little about the new employer- 
employee relationship that now has to be built up 
as the unions know. And how much do the unions 
know ? Have they thought about the provisions in 
the Act which require the Board to enter into consulta- 
tion “ with organisations appearing to them to represent 
substantial proportions of the persons in the employ- 
ment of the Board or of any class of such persons,” 
with the object of concluding agreements with these 
organisations which will provide for the setting up of 
joint machinery ? This joint machinery is to deal by 
negotiations with the terms and conditions of employ- 
ment as well as with questions relating to safety, 
health, and welfare of the mineworkers. The Act 
stipulates that this joint machinery shall provide for 
reference to arbitration of matters which cannot be 
settled by negotiations.” 





“In common with other unions,” it is claimed, the 
A.E.U. has “ members in the mining industry.” ‘‘ We 
are looking forward,” the writer says, “to a much 
higher degree of mechanisation in the coal industry 
to make it efficient, to produce more coal, and to assist 
in running the industry more economically. If such 
mechanisation is adopted, obviously there will be more 
engineering work maintaining the plant quite apart 
from what may develop regarding the manning or 
operation of coal-getting machinery. In these circum- 
stances, we would be obliged to count ourselves among 
the organisations which the Board will have to recognise 
as representing substantial proportions of the workers 
in the industry. In our judgment, the entire 
development of trade union organisation and policy in 
socialised industry will depend upon the way in which 
the unions proceed in dealing with the National Coal 
Board.” 





The membership of the Amalgamated Engineering 
Union at the end of July was 761,506 ; this was 4,945 
less than at the end of June. During July, 5,583 
members were paid sick benefit—a decrease of 278, 
and 2,223 unemployed benefit—a decrease of 137. 
The total number of unemployed members was 5,362— 
a decrease of 290. The number of superannuated 
members increased by 159 to 17,301. 





Mr. Tanner, the President of the Amalgamated 
Engineering Union, states in his “abstract report of 
the executive council’s proceedings” in July that, 
following the conference with the Employers’ Federation 
on February 14, on the subject of the wages of plastic 
workers, the employers, in accordance with their 

‘omise, gave further consideration to the matter and 
finally sent a letter rejecting the union’s application. 
The executive council declined to accept that as final, 
and asked for a further meeting at which the subject 
could again be discussed. This meeting took place 
on July 10. ‘“ After a lengthy discussion,” Mr. Tanner 
says, “the employers promised to give the question 
further consideration—and their reply is now awaited.” 





At a meeting in London, on Friday last, representa- 
tives of the British Federation of Master Printers, the 
Newspaper Society, and the Printing and Kindred 
Trades Federation, discussed with the Ministry of 
Labour and National Service the application of the 
unions for a 40-hour week and a fortnight’s holiday 
with pay. At its close, the Ministry issued the follow- 
ing announcement: “ Having fully considered the 
position, the Minister informed the representatives 
that he had decided to appoint a court forthwith to 
inquire into the nature and circumstances of the 
dispute.’’ The unions’ ban on overtime continues. 





About 350 weaving operatives in the employment 
of Messrs. John Bury and Company, Limited, Accring- 
ton, began recently, under an agreement with the firm, 
a five-day, 45-hour week. The change is to continue 
experimentally for a month. In common with other 
weaving concerns in Great Britain, Messrs. Bury have 
received a circular from the Cotton Manufacturers’ 
Association emphasising the need for the continuance 
of trade agreements between employers and unions 
and condemning breakaway action by individual firms. 
This is stated to be the first step towards a five-day 
week on the manufacturing side of the cotton industry. 





Applications by the Operative Cotton Spinners’ 
Amalgamation and the Cardroom Workers’ Amalga- 
mation for a guaranteed weekly wage were discussed 
at a joint conference in Manchester with a sub-commit- 
tee of the Federation of Master Cotton Spinners’ 
Associations, on Friday last. Under the Essential 
Work Order—which is to be withdrawn at the end of 
next month—a guaranteed weekly wage was obligatory, 
and the workers’ central] organisations desire an agree- 
ment on similar lines to take its place. After a dis- 
cussion which lasted for nearly two hours, it was 
decided to appoint a joint sub-committee of six members 
of the federation and three from each of the amalgama- 
tions to continue the discussions. 





In a circular issued to members last week, the Bolton 
Master Cotton Spinners’ Association directs attention 
to the “serious repercussions” of the introduction 
of a five-day week by “ break-away” firms. “ This 
action,” it adds, “creates a dangerous possibility 
that workers may leave other mills, which are already 
under-staffed and go to concerns operating a five-day 
week, when the Essential Work Order is lifted on 
September 30.” Members are advised “to take no 
action and to adhere to the trade union agreement 
providing for a 53-day week of 48 hours.” 





The National Joint Industrial Council for the gas 
industry agreed, at a meeting last week, to increase the 
wages of gas workers throughout the country by 2d. an 
hour. The decision is to have effect as from April 22, the 
date of the first meeting which considered the claim. 
About 120,000 gas workers will receive the increase. 





The annual conference of the National Union of 
Seamen decided last week by 64 votes to 10 to remit 
the task of negotiating a new wages agreement to a 
committee with full powers to secure the best possible 
terms. Mr. Charles Jarman, the general secretary, 
recalling references made, during the discussion, to 
strike action, said that if they wanted somebody to 
lead a strike on wages alone, they had better find 
somebody else, because “I would be leading you to 
suicide.” The policy he had been pursuing was, he 
added, for a general betterment of conditions. 





The shipowners, Mr. Jarman continued, were 
legally entitled, with the war at an end, to ask that the 
payment of war risk money should cease, and now he 
had to try to improve the basic rate. The owners had 
offered a basic rate of 18/. 10s. a month, and accepted 
the principle of a progressive wage scale which, after 
four years’ service, gave an able seaman 20/. a month. 
To ask that the war risk money should be added to the 
basic rate, making the latter 24/. a month, was to ask 
for the impossible. 
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RECENT AERONAUTICAL 
DEVELOPMENTS.* 
By E. F. Retr, C.B.E., F.R.S. 

Durie the war period there has been very naturally 
a tendency to reduce effort on fundamental research in 
order to be able to devote more time to matters of the 
moment, but we were wise enough not to cease doing 
fundamental work altogether, since we realised that at 
any moment it might show the way to advances of 
immediate practical importance in the prosecution of 
the war. It is perhaps because of this wise decision 
that the war years have produced some new ideas and 
discoveries that bid fair to open up revolutionary lines 
of progress in aeronautics. When I had the honour to 
give the James Forrest lecture in 1936 I made this 
remark: ‘‘ The revolutionary discovery we need as 
regards surface friction is to find a means to make the 
boundary-layer flow remain laminar over a much 
greater proportion of the surface, or in other words, to 
prevent turbulence from developing in the boundary 
layer itself. If this were possible, the drag of bodies at 
very high Reynolds numbers would be reduced to about 








| comes zero and then an unfavourable gradient develops 
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near the leading edge, causing transition to move 
rapidly forward with a consequent increase in drag. 
Reducing incidence from the optimum design value 
produces the same sequence of events, but this time on 
the lower surface. The result is to give a drag curve 
against lift coefficient having a marked depression over a 
certain range of lift coefficient. Outside this range the 
drag behaves very much like that of the older aerofoils. 
This range of lift over which low drag is attainable is 
one of the parameters at the disposal of the designer, 
and it is evidently roughly true that the larger he makes 
the favourable pressure gradient at the optimum incid- 
ence, the wider will be the lift range for low drag. 
There are, however, limits to the extent of the lift range, 
and in most practical sections it extends over about 
0-3 or 0-4 in lift coefficient. American tests have shown 
that by use of a plain hinged flap at the trailing edge 
the optimum incidence can be considerably varied, and 
that it is possible, by suitably varying the flap angle, to 
get the low drag property over a lift coefficient range 
as wide as from zero to unity. There is a limitation on 
the thickness of these new wings. Since the maximum 





10 per cent. of the values to which we are accustomed.” 
Not I, nor anyone else, could at that time imagine 
how this retention of laminar flow was to be achieved, 
but we now know that the underlying principle is sim- 
plicity itself, as is often the case with fundamental new 
discoveries. Although we cannot yet see the way to 
reduce drag to the mere 10 per cent. of complete laminar 
flow, we can clearly see how to attain very substantial 
reductions. 

The basic principle involved here is that there is no 
tendency for laminar boundary layer flow to break down 
into turbulence as long as the flow outside the boundary 
layer is accelerating, that is as long as the pressure 
gradient in the direction of the flow is negative, pro- 
vided also that there are no violent disturbances of an 
external nature such as those due to turbulence in the 


suction now occurs much farther back on the chord than 
was the case with conventional sections, it is evident 
that the unfavourable pressure gradient on the rear part 
must have increased, since the pressure at the trailing 
edge will always be much the same. Hence there is 
a greater tendency for the turbulent boundary layer 
separation to occur near the trailing edge. Another 
important characteristic is the maximum lift coeffi- 
cient. Laminar-flow wings tende to be more pointed | 
at the leading edge than the older wings, and so | 
there is a tendency for the maximum lift to be lower. 
It has recently been found possible, however, to modify 





the curvature near the leading edge so that little is lost 

in maximum lift, without seriously affecting the low- | 

drag behaviour at normal incidence. } 
Such, then, are the broad characteristics of the new | 





fluid itself. It is therefore only necessary to ensure | 
that the point of maximum suction shall be as far back 
as possible along the chord of a wing or the length of a | 
streamline body in order to retain a laminar boundary 


wings ; why are they not in more common use to-day ? | 
There are several answers to this question, but by far | 
the most cogent is the fact that such wings are very | 
difficult to construct with the requisite accuracy of con- | 
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mental demonstration of its validity is complete, but 
that there still remains much to be done before realiga. 
tion in practice becomes sure and certain. Similar 
reasoning can be, and has been, applied to the design 
of streamline bodies with extensive laminar boundary 
layers, although, as far as I am aware, the resulting 
shapes have not yet been subjected to experiment. 
Like the aerofoils, they tend to have a marked cusp 
at the rear end. 

We now come to a new development in wings which 
is even more surprising at first sight than the laminar. 
flow wing, but which has not yet been explored to the 
same extent. The original idea was due to Dr. A. A. 
Griffith, F.R.S., who arrived at it when thinking of 
means of avoiding boundary layer separation in a 
diffuser. The basic idea is to design a shape for which 
there is a sudden discontinuity of velocity and pressure 
at one or more points and to apply boundary layer 
suction at these points. The idea of using suction to 
modify boundary layer flow is a very old one. Some 
experiments in a pipe were made a long time ago at the 
R.A.E., and F. G. Miles tried a perforated wing surface 
with internal suction in flight, but neither of these 
experiments produced any spectacular result. The fact 
that suction would prevent turbulent boundary layer 
separation has long been known, and this use has recent- 
ly been employed successfully in flight by the Armstrong 
Whitworth Aircraft Company to avoid premature tip 
stalling on a swept-back wing. All these older experi- 
ments merely applied suction at some point on a wing 
of conventional form; the new idea started by Dr. 
Griffith was to design the shape to suit the suction. 

Let me try to put this basic idea in as simple a form 
asIcan. The diagrams, Figs. 2 and 3, opposite, show 
two aerofoil shapes and their theoretical velocity distri- 
butions, and for simplicity we will consider symmetrical 
aerofoils at zero lift. The one at the top, Fig. 2, is a 
simple laminar flow aerofoil 19-2 per cent. thick, while 
that below, Fig. 3, is what we now call, for brevity, a 
“* suction aerofoil,” 33-3 per cent. thick. In both casés 
there is a rising velocity up to a point well back on the 
chord, but whereas the ordinary aerofoil then exhibits a 
rapidly falling velocity up to the trailing edge, the suc- 


layer at least up to that point. The development of | tour. A very slight ‘“ wave ” in the contour is sufficient | tion aerofoil exhibits a large discontinuous fall of velo- 
the so-called “laminar flow” or “low drag” wings | to produce a local reversal of the pressure gradient and | city followed by a gentle rising velocity from the 
has been the search for sections which comply with the | so to cause transition to turbulent flow. Experiment | position of the suction slot to the trailing edge. 


above requirement without making too great sacrifices | 
in other desirable qualities, such as maximum lift. 


and theory have led to the conclusion that in waves a | 


| 
| 


The aerofoil shape was, in fact, obtained by assuming 


| few inches in length the permissible height of the wave | such a velocity distribution and applying the mathe- 


There was some experimental indication of this possi-| is no more than one thousandth of its length. This| matical theory. Griffith's original idea was that as 


bility at least as long ago as 1939, but the significance of | 
the result was not grasped. A test of an aerofoil 
desi; by Dr. Piercy, having its maximum thickness 
at 40 per cent. of the chord, was made in the compressed- 
air tunnel at the National Physical Laboratory. It 
showed considerably lower drag than that of previous 
aerofoils at low Reynolds numbers, but at high Rey- 
nolds numbers there was no gain. We now know that 
these effects were due to a more extensive laminar 
boundary layer, which, however, could not be main- 
tained at high Reynolds numbers because of the high 
tunnel turbulence. 

The true position was first grasped by our American 
friends, who realised the importance of experimenting 
in a very steady airstream and proceeded to design a 
wind tunnel with as low a degree of turbulence as 
possible. Before long we began to experiment for our- 
selves, not at first in a wind tunnel, but by mathematical 
means, largely the result of the efforts of Professor S. 
Goldstein, F.R.S., who was working at the National 
Physical Laboratory during the war. He thoroughly 
explored the available methods for calculating the 
velocity distribution on a two-dimensional body and 
soon discovered good approximations to the reverse 
process of calculating the shape which would give a 
specified velocity distribution. This at once led to the 
design of aerofoils having a nearly linear increase of 
velocity from a point quite near the nose back to the 
point of maximum suction, which latter could be ar- 
ranged to lie at any desired point along the chord. It 
was thus that the first British family of laminar flow 
aerofoils was born of pure potential theory, afterwards 
to be tested in the only tunnel we had that was at all 
suitable for the purpose, and rather a poor one at that 
compared with its American counterpart. 

Let us now look quite briefly at the nature of the 
aerodynamic properties of a typical laminar-flow aero- 
foil. The velocity distribution curves in Fig. 1, opposite, 
show the great difference between the new wings and the 
older conventional type; the points of transition to 
turbulent flow are marked approximately by crosses on 
the curves. These curves relate to the normal operating 
incidence, say, at cruising speed. The laminar-flow 
aerofoil is designed so that at its most usual lift coeffi- 
cient there is an equally favourable velocity gradient on 
the two surfaces. Increase of incidence reduces the 
favourable gradient on the upper surface and increases 
it on the lower. Soon, the upper surface gradient be- 





* Thirty-Fourth Wilbur Wright Memorial Lecture, 
delivered to the Royal Aeronautical Society, on Thursday, 
May 30, 1946. 
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imposes an accuracy of construction on the designer of | 
quite a different order from that to which he has been | 
accustomed, and it is not too much to say that the | 
success or failure of the laminar-flow principle depends | 
almost entirely on the discovery of practicable methods | 
of construction that will permit of the necessary | 
accuracy of contour and maintgin it under flight loads. | 

Another practical difficulty is the maintenance of | 
the wing surface in a clean smooth condition. Very | 
small specks of dust on a laminar-flow wing will upset | 
the boundary layer locally and a small number of such | 
specks, well distributed near the leading edge, can| 
thus cause the flow to become mainly turbulent and | 
so destroy the low-drag property of the wing. Flies | 
caught on the wing during take-off and low flying are 
particularly troublesome in this respect. It may 
be necessary to protect the surface by means of a sheet 
of some thin material that can be torn off when the 
aircraft has climbed into “clean” air. Water-drops 
from a rainstorm will also spoil the low-drag behaviour, 
but this is only a temporary condition and the low 
drag is restored when the drops evaporate. 

These effects of small excrescences have been ren- 
dered visible in flight by means of a simple and effective 
technique devised by W. E. Gray at the R.A.E. He 
painted the wing with a very thin coat of a liquid 
containing starch and potassium iodide and then 
flew through a cloud of chlorine produced by introducing 
this gas into the exhaust of a chimney stack. The 
chemical action which resulted distinguished clearly 
between the laminar and turbulent parts of the boun- 
dary layer owing to the very different rates of diffusion 
on those parts. 

An even more effective technique, though only 
suitable for use in the wind tunnel, has been subse- 
quently developed at the N.P.L. The body to be 
studied is first sprayed with an emulsion containing 
china clay, which is allowed to dry, producing a very 
fine mat white surface. Before an experiment, this 
is sprayed with nitro-benzine, the refractive index of 
which is about the same as that of the china-clay par- 
ticles, with the result that the white appearance com- 
pletely disappears. When the wind stream is applied 
the nitrobenzine evaporates much more quickly in the 
turbulent part of the boundary layer, where the momen- 
tum exchange with the free air is much more rapid than 
in the laminar part. In a few minutes all the turbulent 
part has become white again, while the laminar part 





remains unaffected. 

It may fairly be said, in summarising the present 
position on the laminar-flow problem, that the under- 
lying theory is now well understood, that the experi- 








there is now an accelerating flow over the whole aerofoil 
surface, except just at the suction slot, it might be 
hoped that the whole boundary layer would remain 
laminar, with a resulting very low drag. Put in another 
way, the laminar layer on the front part was largely 
to be sucked away, and a new layer started at the 
stagnation point which must occur just behind the 
slot. Since the velocity gradient is favourable, this 
new boundary layer should remain laminar right to 
the trailing edge. 

A model was made and tested at the N.P.L. The 
effect of the suction was first observed by attaching 
fine silk threads to the surface and it was very interesting 
to see how those behind the slot, which were almost 
invisible owing to the violent disturbance there when 
the suction was not applied, became suddenly steady 
when the suction suena the requisite amount. The 
state of the boundary layer was indicated by allowing 
a fine stream of dense oi] smoke to issue from small 
holes in the model. It was at once noted that the 
flow on the part behind the slot was only laminar for 
a very short distance from the slot and then became 
turbulent. 

Various causes for this were suspected, such as 
vibration of the thin lip of the slot and pulsations from 
the air pump, but it soon became evident that none 
of these was the cause, and that there was something 
wrong with the assumption that the flow ought to be 
laminar. It was then remembered that Gérther had 
studied theoretically the flow on concave surfaces 
and shown the conditions under which laminar flow 
became unstable on them. His theoretical criterion 
fitted the N.P.L. experimental observations and so it 
became evident that complete laminar flow to the 
trailing edge, as envisaged by Griffith, was probably 
impossible of attainment. 

Nevertheless, the suction principle still has great 
attractions, one of which is that it enables very thick 
sections to be used without fear of any turbulent 
separation and probably with a laminar boundary 
layer up to the slot. It is interesting to note that even 
if the boundary layer is turbulent from the leading 
edge, separation near the slot is still prevented by 
using very little more suction than is needed for a 
laminar boundary layer. Thus, even foregoing all 
laminar flow, it becomes possible to make very thick 
sections, 40 per cent. or even 50 per cent. thick if need 
be, with drags of the same order as those of thin 
sections. 

This fact may have a profound influence on the 
minimum size of “ flying wing” that is a practical 
proposition from the point of view of internal space. 
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The mathematical theory had to be extended in 
order to deal with these very thick sections, since all 
the previous work of Goldstein was based on “ thin 
aerofoil” theory and this approximation was no 
longer good enough. Lighthill bridged the gap by a 
new treatment which is exact, and so there are no 
limitations on account of thickness. 

A good example is shown in Fig. 4, which depicts an 
aerofoil 38 per cent. thick with a single slot on the upper 
surface. Theory indicates that it should have a lift 
coefficient range from zero to 2-5 without adverse 
velocity gradients. It is instructive to consider how 
the effective drag on such an aerofoil is to be measured. 
If one uses the wake traverse method, all that is mea- 
sured is the drag of the part behind the slot, for most of 
the “tired” air in the boundary layer of the forward 
part is sucked into the slot and so d6es not appear as a 
loss in the wake. If there were no sources of energy loss 
in the ducting and the pump were 100 per cent. efficient, 
one can visualise what happens in this way ; the pump 
restores the total head lost in the forward part ofthe 
boundary, layer and returns the air to the general 
stream with its original total head, thus doing an 
amount of work corresponding with the skin friction 
on the front part. The remainder of the drag energy 
due to the skin friction on the rear part appears in the 
wake loss. In a real case there: must be added to 
these two drag components the losses in the ducting 
and in the pump, so that it is evident that to obtain 
the best possible result the duct losses must be kept as 
low as possible and the efficiency of the pump as high 
as possible. 

Under good conditions it is only necessary to suck 
away about half the quantity of air in the boundary 








es ro 





“ENGINEERING” 


(ess0) 


layer, but the slot needs to be very narrow and the 
rather high velocity just inside it may invoive con- 
siderable internal losses. Moreover, such a very narrow 
slot might present great difficulties of practical manu- 
facture. With a greater slot width the amount of air 
that has to be removed increases somewhat, but the 
lower slot velocities are easier to deal with internally. 
There is obviously a compromise here, and a great 
deal more detailed work will be needed before the best 
practical] arrangement can be determined. 

Another application of the suction principle is to the 
thin wings which are necessary at very high speeds of 
flight, including supersonic flight. These wings have 
of necessity a very poor maximum lift coefficient, little 
if any greater than that of a flat plate; about 0-9 for 
the plain wing and perhaps 1-3 or 1-4 with a flap. 
It appears, from theoretical considerations, that the 
maximum lift coefficient could be increased to a value 
in the neighbourhood of 2-0 by the use of a suction 
slot very close to the leading edge. _ Experimental 
verification of this prediction has not yet been 
attempted, but will be shortly. It may well be that the 
provision of ducts of sufficient size in so thin a wing 
will prove difficult or even impossible, but if it can be 
done one of the greatest defects of thin wing» will have 
been overcome. 

Once the use of suction is conceded as a practical 
possibility, there are certain other uses to which it 
might be put in the endeavour to improve the general 
aerodynamic characteristics of aircraft. Mention has 
already been made of its use to prevent tip stalling. 
Another possibility is its use to prevent incipient flow 
separation at points such as the junction of wing roots 
and fuselage in a conventional aeroplane. In other 
words, it may provide an effective alternative to 
filleting. A more far-reaching development, which has 
hitherto been little explored, is the use of suction, 
instead of movable surfaces, to provide aircraft con- 
trols. It is a little difficult to see how this is to be done 
at high speeds, but there is a good deal of evidence to 
suggest that such a scheme might be highly effective at 
stalling incidence, which is just where the conventional 
controls are most troublesome. There appears, in fact, 
to be a very wide field of possible suction applications, 
which would well repay an extensive research on broad 
ines. 

In any discussion of this problem, an inevitable 
question arises: what happens if the suction fails ? 
There are two ways of dealing with this; one is to 
design in such a way that suction failure would not 
prove catastrophic, the other is to make the proba- 
bility of failure of the suction plant so small that it is 
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a negligible risk. Duplication of suction plant should 
provide increased reliability in very much the same 
ratio as does the use of more than one engine in the 
cognate problem of engine failure. Nevertheless, it 
seems undeniable that the better solution, if it is 
possible, is to retain enough control for emergency use 
when suction has failed. 

The efficacy of blowing air from a slot, instead of 
sucking, as a means of boundary layer control has 
often been discussed. Blowing has considerable advan- 
tages over suction from the practical point of view, 

ause pressures above atmospheric are generally 
readily available in the main power plant of the air- 
craft, whereas pressures below atmospheric need addi- 
tional mechanical accessories. Moreover, a combination 
of blowing and sucking looks attractive, since it might 
well enable a dual boundary layer contro] to be achieved 
locally by a local pump, and so avoid extensive ducting. 

Very little experimental work has been done so far 
on boundary layer contro] by blowing air into the layer, 
and the problem is not nearly so amenable to theoretical 
treatment as the corresponding suction problem. Such 
experiments as have been made are disappointing, and 
suggest that to achieve similar results a blowing device 
needs several times as much air as is needed with 
suction. It would, however, be a mistake to dismiss 
blowing as impracticable in the present state of know- 
ledge. The mere fact that the necessary pressure might 
in some cases be forthcoming from “ ram ” effect, with 
small losses and without any additional mechanism, 
may well offset the lesser “ volume efficiency ” of the 
process. Recently, a still further means of suction con- 
trol of the boundary layer has been under consideration 
at the N.P.L. This involves the use of distributed suc- 
tion acting through a porous material in the form of a 
sintered bronze which has interstices of extremely 
small size and very closely spaced. It appears quite 
likely that the use of such a material may lead to 
success where a surface with comparatively widely 
spaced larger holes was a failure. 

As an example of the curious things which seem 
possible by the use of suction, I am tempted to show 
one other application suggested by theory; this time 
to the wind tunnel rather than to the aeroplane. 
Fig. 5 shows a 180-deg. bend in a two-dimensional 
duct, designed by Lighthill, with suction at a single 
slot. In this, the velocity is 2.47 on P Q and unity on 
all other parts of the boundary. According to the 
potential theory, this should enable the air to turn the 
corner without any controlling cascade of aerofoils, as 
is usual in wind-tunnel bends, and to maintain a 
uniform velocity distribution at the outlet. How far 
this astonishing result could be achieved in the presence 
of boundary layers and in a three-dimensional duct is 
not known, but it would seem well worth while to make 
the experiment. 


(To be continued.) 





IRON AND STEEL PRODUCTION IN GREAT BRITAIN.— 
Statistics issued by the Ministry of Supply, Iron and 
Steel Control, indicate that the steel production during 
July in the United Kingdom was at the rate of 11,759,000 
tons a year, compared with a rate of 11,118,000 tons in 
the same month last year. In both 1945 and 1946 
production was affected by holidays. The output of 
pig iron also increased, the annual rate of production in 
July being 7,645,000, compared with 7,010,000 tons in 
July, 1945. 
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LOCOMOTIVE LIMITATIONS. 


Tue first Sir Seymour Biscoe Tritton Lecture was 
delivered before the Institution of Locomotive Engin- 
eers on Wednesday, April 10, by Mr. J. S. Tritton, who 
took “ Locomotive Limitations” as his subject. He 
pointed out that, while the war had caused a hiatus in 
the progress of locomotive design, the engineer had had 
wide scope for appreciating the advances made in 
other branches of mechanical engineering. He had, 
therefore, returned to his post-war task refreshed with 
new ideas and a wider appreciation of locomotive limita- 
tions. His first task was to examine fundamentals in 
order to see what prospects there were of overcoming 
existing limitations of power, weight, size and speed 
by the adoption of new designs, new types of boiler, 
new prime movers and the latest developments in 
transmission. 

Fundamentally, the locomotive suffered from two 
inherent limitations : it had to haul its own weight, and 
that weight must be sufficient to produce the necessary 
adhesion for the driving wheels. Moreover, the loco- 
motive, except the electric type, had to generate its 
own power and to haul sufficient fuel and water for its 
radius of action. The limitation of adhesion became 
critical in bad climatic or greasy rail conditions. Al- 
though there were cases of adhesion railway working 
on grades as steep as 1 in 144, 1 in 20 was accepted as 
about the economical limitation for a ruling grade. 
Attempts to overcome this limitation had been made 
by fitting V-shaped tyres on the driving wheels, but, 
though this had enabled the trial locomotive to haul 
its normal load up a grade of | in 8 the disadvantages 
of the system were too great to make it a practical 
solution. So far it had not been possible to take advan- 
tage of the high coefficient of friction of the rubber tyre 
and to combine it with the low rolling resistance of the 
steel wheel on the steel rail. e reason was that the 
capacity of a pneumatic tyre depended on the volume 
and pressure of the contained air and on its area of 
contact with the rail. The latter was, however, far 
greater than could be carried on a short section of the 
top of a rail. 

With the limitations of adhesion were bound up 
limitations of axle load. In the light of present know- 
ledge, the track and bridge engineer had good cause to 
allow a wide margin over the static loading to take 
care of the dynamic augment or hammer blow of the 
two-cylinder locomotive. Slow-motion pictures of such 










































































locomotives running at very high speeds had shown | locomotive. 
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With normal working cut-offs this effici- 


that, in some cases, the driving wheel was lifted off the | ency was only about 10 per cent., to improve on 


rail once in each revolution, and that when this occurred 
it came back on to the rail with a pressure double that 
of the static axle load. Bridge and track engineers 
therefore welcomed the introduction of three- and four- 
cylinder, turbine-electric and internal-combustion loco- 
motives in which there was no dynamic augment as 
a higher static axle load was possible with these types 
than with the corresponding two-cylinder locomotive. 
Locomotive engineers, in turn, were doing their best to 
cut down reciprocating weights by the use of light alloys. 
Although the weight of connecting and side rods could 
be reduced in this way considerably larger sections were 
required for the same strength and this had meant a 
limitation of their use in certain cases. 

Within the limits of adhesion and axle load the next 
important limitation was the running gauge or limit 
of overall dimensions to which the locomotive could be 
built. The diameter of the inside cylinders was limited 
by the track gauge, so that on narrow and metre-gauge 
lines these were practically ruled out. The diameter 
of the outside cylinders was limited by the distance 
between the outside crankpin centres and the width 
of the moving dimensions. On British lines, therefore, 
the track gauge limited the diameter of the inside 
cylinders to 21 in. and the moving gauge limited the 
diameter of the outside cylinders to 22 in. It was not, 
however, only the maximum dimensions of the gauge, 
but also its actual shape which had to be taken into 
account. The insets necessary to allow for platforms 
and fixed structures between the rails were often annoy- 
ing limitations to the designer. With the stroke limited 
to some 28 in. and the limit. of capacity of two cylinders 
having been reached, there was no alternative but to 
adopt three- and four-cylinder designs. The diameter 
of the third cylinder was, in any case, limited to that 
of the outside cylinders to obtain an even turning 
moment, while to get maximum diameter in four- 
_— designs one pair was usually displaced to clear 
the outside cylinders. The XS Indian Standard loco- 
motive might be taken as typical. The inside cylinders 
were placed forward of the outside ones and the drive 
was divided between the two leading coupled axles. 
This, of course, meant the complication of two sets of 
valve gear, whereas the valve gear for three cylinders 
required only an addition to that for two. 

Compounding was an attempt to overcome the rela- 
tively low thermal efficiency of the steam cycle on a 


which the obvious development was some form of 
multi-stage expansion, combined with exhausting to a 
vacuum. Unfortunately, attempts to utilise condens- 
ing locomotives had proved impracticable, owing to the 
added weight and complication of the cooling system. 
The limitations of compounding without a condenser 
were, however, less stringent ; they were the size and 
weight of the low-pressure cylinders and the difficulty 
of getting the steam into and out of them. This required 
very large steam-port areas and long valve travels. 
These disadvantages, however, had not restricted the 
use of the Mallet compounds in the United States. 
In these large sizes the disadvantages were of less 
importance and the increased thermal efficiency, of the 
order of 2 per cent. to 3 per cent., became worth while. 

An interesting proposal for utilising the steam tur- 
bine to overcome this limitation of thermal efficiency 
and of utilising the energy lost in the exhaust steam 
had been put forward by Mr. A. Reidinger, and is shown 
in Figs. 1 and 2. The exhaust from the cylinders was 
taken to a receiver, whence it was supplied to a uni- 
directional turbine mounted longitudinally over the 
bogie and driving the leading coupled axle through a 
pair of right-angle bevels and double-reduction gear. 
A fluid coupling was provided in the train of gearing 
after the bevel drive, while a second fluid coupling could, 
if required, be introduced to provide power in reverse. 
The final drive to the axle was through link or quill 
gearing to allow of axle movement. The turbine might 
be cut in or out at any moment or at any speed of the 
engine. It was capable of being overloaded right up 
to the steaming limit of the boiler and could be employed 
as a booster to deal with peak loads. 

Having reached the limitations of size and weight 
of two-, three- and four-cylinder designs, and being 
faced still with the necessity for increased cylinder 
capacity, it might be asked whether a number of small 
cylinders could not be used and the requisite piston 
displacement obtained by running the prime mover at a 
higher speed. A pioneer of this type was the Sentinel 
locomotive, which was built for the Columbian National 
Railways in 1933. It was a metre-gauge engine, cap- 
able of hauling 200-ton passenger trains over a difficult 
section of the Columbian National Railways at an alti- 
tude of 8,000 ft. to 12,000 ft. It was a double-bogie 
design with six separate two-cylinder totally-enclosed 
compound engines (twelve cylinders in all). Each engine 
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was geared directly to one axle. The boiler was of the 
Woolnough water-tube type, working at 550 lb. per 
square inch with superheat to 800 deg. F. The loco- 
motive attained a s of 56 m.p.h. on test and 
proved greatly superior to the orthodox type in riding 
qualities on what must be some of the worst track in 
the world. The full steam-turbine drive, which was 
the next material development of the geared locomotive, 
permitted the use of a really high-speed prime mover 
with an accompanying reduction of weight and bulk. 
This gave an increase in capacity of over 30 per cent. 
for a large proportion of the working range, and its 
development was a typically British example of the 
careful study of co-ordinated data and the patient 
elimination of troubles. 

The loading gauge also imposed limitations on the 
boiler, since, being usually mounted over the driving 
wheels, its maximum diameter was fixed by the dis- 
tance between the top of the driving-wheel flanges and 
the top of the loading gauge. This meant that, on a 
freight locomotive maximum cylinder capacity could 
be balanced by a boiler which was carried over the 
small-diameter wheels. On passenger and express 
engines the larger coupled wheels restricted the boiler 
diameter and consequently increased its length, so that 
pony trucks or bogies had to be used to take the over- 
hang. The width of the firebox between the frames 
might also necessitate the use of trailing trucks. 

It would be seen therefore that every increase in the 
“power to pull” of a locomotive had tended to add 
to its weight and its length. To carry a greater volume 
of traffic over a given section of line involved increases 
in speed. Speed, in its turn, brought in the question 
of the riding qualities of the locomotive, which must 
be such as to allow it to use track of a given standard 
of maintenance without causing undue wear, either in 
the engine or on the track. This brought in the limita- 
tion of flange forces on the rail. So long as operating 
conditions were satisfied by comparatively low speeds, 
these flange forces were not of great concern, but they 
came into prominence when speeds approaching 100 
m.p.h. were contemplated. Though some useful quanti- 
tative results had been obtained from experiments in 
France, America and Germany, it could not be said that 
the evidence at present was more than indicative. They 
showed, however, that on one type of Pacific locomotive 
tested the side thrust varied from 6 to 7 tons at 
50 m.p.h. to 11-2 tons at 95 m.p.h. As a result, 








modifications were made which enabled the flange 
forces to be reduced by some 40 per cent. at 70 m.p.h. 

The demand for increased power calling for yet 
larger boilers had led to the Fairlie, Kitson-Meyer and 
Garratt engines, while the Americans, requiring much 
higher coal and water capacities, had developed the 
Mallet design. All these designs had accepted the 
limitations of the Stephenson boiler, which, as a steam 
producer for locomotive conditions, was very hard to 
beat. It had the requisite flexibility and adjusted its 
capacity to the load almost automatically, with a good 
reserve of power for temporary overloads. It covered 
a wide range of loading with an all-round efficiency of, 
say, 80 per cent. In its simpler forms it was not 
expensive to build, though it did not lend itself to 
mass production by unskilled labour. It had, however, 
many limitations. It accounted for about half the 
cost of a new locomotive and for about one-quarter 
of its maintenance throughout its life. It suffered from 
many ailments and a serious ailment usually involved 
a@ major operation. Apart from its size and weight, 
the limits of its working pressure, which were about 
300 Ib. to 320 lb. per square inch, were being reached. 
Above that pressure there was trouble with staying 
the water spaces and limitations of weight necessitated 
the use of alloy steels. 

The Yarrow water-tube boiler on Sir Nigel Gresley’s 
““Ten Thousand,” with a steam pressure of 450 Ib. 
per square inch, was one attempt to overcome the 
limitations of the Stephenson boiler. Its drawbacks 
were uncertain circulation with fluctuating loads and 
scaling with anything but good water. The Dobel, 
Velox, La Mont and Loeffler boilers offered higher 
efficiencies by using forced circulation, contra-flow, 
semi-flash, closed circuit and other methods, but had 
yet to prove their advantages in locomotive service. 
An example of a high-pressure locomotive was the 
multi-engined 4-6-4 unit built by the Swiss Locomotive 
Company in 1937 for the Chemin de Fer du Nord. 
This is illustrated in Fig. 3. Steam was obtained from 
a water-tube boiler at a pressure of 900 lb. per square 
inch and a temperature of 750 deg. C., and was supplied 
to a uniflow engine with central exhaust. In addition, 
there were two three-cylinder motors on each axle, 
which were supplied with steam at 300 lb. per square 
inch from a low-pressure boiler which was really a 
feed heater. 

The criticism was often levelled at the steam loco- 
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motive that after 100 years of development it was 
extraordinarily inefficient as a heat engine and that 
it must give way to more efficient prime movers. 
Such statements were easy to make, but a comparison 
of the thermal efficiency of the steam locomotive 
with the electric and Diesel-electric types showed what 
a small percentage of the heat units in the coal were 
available at the drawbar. It was interesting to note, 
however, that as a means of transforming energy in coal 
into drawbar horse-power, there was little to choose in 
overall efficiency between the steam and the electric 
locomotive. Both gave about 8 per cent., while the 
Diesel-electric locomotive had been credited with 16 per 
cent. Nevertheless, though the Diesel locomotive had 
now blossomed out into full main-line status, it had the 
limitation of having to carry a variable-speed trans- 
mission gear to enable it to exert its full tractive effort 
at starting and to adjust its output over the full range 
of speed required. Electrical engineers offered an 
infinitely-variable transmission “gear” with high 
starting effort, which lent itself to a wide variety of 
layouts with either jackshaft or individual-axle drive. 
Such a gear was also fully reversible, gave excellent 
control, which could be used to protect the engine 
against stalling and overload, and was sufficiently 
flexible to enable the locomotive to be used for both 
passenger and freight services. Its limitations were 
that it was heavy, complicated and expensive. It 
was also less efficient than mechanical transmission. 

Nearly all types of mechanical gearing, however, 
suffered from the limitation that a break in tractive 
effort occurred when changing gear. In fact, the 
surges of power which could be caused by a badly- 
manipulated gear change might reach destructive 
proportions. Some amelioration of these conditions was 
afforded by the Wilson epicyclic gearbox, combined 
with a Sinclair hydraulic coupling. These provided 
a smooth and rapid means of transferring load from 
one ratio to another and also gave effective cushion- 
ing against peak stresses. It was, however, far better 
to avoid any break of torque, as could be effected 
by the Freeborn power convertor. This gear, which was 
illustrated in Fig. 4, could be designed to give a large 
number of gear ratios with a smooth torque curve 
throughout its range, and had the outstanding advan- 
tage of being fully automatic. The correct gear ratio was 
automatically selected in accordance with the power 
demand for any combination of speed and load within 
the capacity of the locomotive. The driver was thus 
relieved of all gear changing. It consisted essentially 
of a series of epicyclic gears each of which contained an 
automatic centrifugal clutch. These clutches cut out or 
engaged the epicylic gears in turn when changing up or 
down ; and the overall ratio was automatically adjusted 
to the difference between the engine output and the 
power demand. The mechanical efficiency of this gear 
was over 95 per cent., and it was in process of being 
actively developed after successful trials on shunting 
locomotives up to 350 h.p. Successful investigations 
were also being carried on with hydro-mechanical] types 
of transmission, such as the 555 “ Powerflow ” gearbox. 
This had been developed up to 3,000 h.p. for applica- 
tions other than locomotives. 

Coming between the thermal efficiency of the Diese] 
engine and the high-pressure steam locomotive, there 
had been interesting developments in the direction of 
gas-turbine propulsion. Its best estimated thermal 
efficiency at the wheel rims was 17 per cent. and, if 
it could be operated near that efficiency with pulverised 
fuel, it would have a substantial lead on the steam 
locomotive. 
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AERONAUTICS. 


577,154. Aircraft Cabin. Vickers-Armstrongs Limited, 
of London, and B. N. Wallis, of Weybridge. (5 Figs.) 
March 31, 1944.—The invention minimises the trans- 
mission of sound and other vibrations to the interior of 
the cabin, and improves the regulation of the interior 
temperature. The nodal points at which the geodetics 10 
intersect are connected by hoops 11, and a fabric skin 12 
is stretched over the outer surfaces of the geodetics and 
hoops, to enclose the whole. At spaced points on the 
inner face of each hoop are resilient mountings, which 
carry hoops 14 of laminated timber. The wall 15 of 
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the pressure cabin is supported by being sandwiched 
between the hoops 14 and inner hoops 16 screwed 
together. A layer 18 of soundproofing material is 
packed in the space between the geodetics. The trans- 
verse beams 19 stpporting the floor are also attached to 
the hoops 11 by resilient mountings. An apnular space 
12, entirely encloses the cabin and separates it from the 
outer frame. This space can be used during flight at 
high altitudes to pass hot air round and heat the cabin ; 
or during flight in tropical conditions cool air may be used 
to cool the cabin. (Accepted May 7, 1946.) 


AGRICULTURAL APPLIANCES. 


577,144. Tracked Tractor. Roadless Traction, Limited, 
of Hounslow, and P. H. Johnson and L. W. Tripp, of 
Hounslow. (7 Figs.) December 17, 1943.—The inven- 
tion minimises wear and tear in the track joints of the 
tractor. The latter has ordinary wheels at the front 
and a pair of endless tracks 3 at the rear. The driving 
sprockets 1 are driven from the motor, and the idlers 2 
rotate on a fixed shaft in the tail member. Each link 
of the track consists of a ground plate 15, and is hinged 
to the adjacent link. On the hinge pins are rollers 23 
engaging the teeth 24 of the driving sprocket 1. Each 
link has an abutment face which engages an abutment 











(877154) . 





plate on the adjacent link,so that the portion of the 
endless track laid on the ground is locked against opening 
out flat or into reverse curvature. The teeth of the 
driving sprocket are spaced apart with a pitch slightly 
greater than the pitch of the spacing of the rollers 23. 
If the pitch of the rollers is 5 in., the chordal pitch of 
the sprocket teeth is 5-035 in.; so the drive upon the 
track from the sprocket will be a “‘ leaving-tooth drive.” 
This drive, which is wholly compressive, is concentrated 
upon the laid portion of the track which is securely 
locked like a rigid girder due to the engaging of the link 
abutments and to the heavy loading at its ends by the 
driving sprockets and idler, both of which support part 
of the weight of the tractor. A weight-carrying wheel 33 
bears on the laid track at a point between the driving 
sprocket 1 and idler 2. This wheel is mounted on the 
end of a lever arm pivoted to the chassis of the vehicle. 
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The other end of the lever arm is loaded by a spring 40. 
The intermediate wheel 33 being resiliently mounted, 
does not unduly relieve the loading on the end portions 
of the laid track by the sprocket and idler, and the laid 
Portion of the track, taking the compressive drive from 
the leaving sprocket teeth, is rigid. To adjust the track, 
the axle 41 of the idler is carried in a mounting which 
slides in guides 43, and can be locked by the nuts 44. 
(Accepted May 7, 1946.) 


ELECTRICAL APPARATUS. 


577,347. Totally-Enclosed Motor. The General Electric 
Company, Limited, of London, and B. Bone] and D. McF. 
Wallace, of Birmingham. (2 Figs.) October 24, 1941. 
—tThe invention is a clutch for the external fan of a 
totally-enclosed watertight electric motor. If such a 
motor is submerged, the resistance to the external fan 
is greatly increased, and if the motor shaft continues to 
drive the fan. the motor is overloaded and may stall. 
The motor has a shaft on which the hub 2 of an external 
fan 3 is mounted. The hub is carried in a ball bearing 
and the fan can rotate relative to the shaft. Coupling 
between the shaft and the fan is by a pawl 5 pivoted 
on a flange keyed to the shaft, and the pawl is main- 
tained in position by spring-held balls 8 in the flange 
which bear in shallow depressions in the pawl. The 
pawl has a driving point 9 which engages one side of a 
recess 10 in the hub 2. The springs are such that the 
torque required to shift the pawl from its position is 
greater than the torque required normally to drive the 
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fan, and therefore while the fan rotates in air it is 
maintained coupled to the shaft. If, when the motor is 
runving, the fan becomes immersed in water, its resistance 
becomes excessive and the fan is uncoupled from the 
shaft automatically. The pawl is driven through about 
45 deg. by the hub 2 and the balls 8 slip out of the 
shallow depressions and, when the driving point 9 is 
clear of the recess 10, engage in somewhat deeper 
depressions 13, so holding the pawl 5 and uncoupling 
the fan 3 from the shaft, so that the speed of the shaft 
is maintained and no excessive loading comes on the 
motor. The pawl is automatically re-set to its driving 
position, when the motor comes to rest, by a re-setting 
member 14 pivoted on the flange. Movement of the 
member under centrifugal force is opposed by a spring 16. 
When the pawl occupies its non-driving position, a tooth 
engages an extension of the member 14, and when the 
shaft ceases to rotate, the spring 16 rotates the member 
14 to return the pawl to its driving position. If the motor 
now starts up again in air, the fan will be driven, but 
if the fan is still immersed in water, the pawl clutch will 
again slip. (Accepted May 15, 1946.) 


RAILWAYS AND TRAMWAYS. 


577,252. Railway Wagon. George Spencer Moulton 
and Company, Limited, of London, and R. K. Glascodine, 
of London. (3 Figs.) April 21, 1944.—The invention is 
a shock-absorbing wagon in which the damage to freight 
and wagon structure when shunting and running is 
reduced. The wagon underframe consists of two outer 
sole-bars and two centre sills 3, of channel section, 
connected by transoms 7. Between these transoms 
and the centre sills are held a pair of steel springs 10, 
and between the transoms and the headstock 11 of 
the wagon diagonals 12 are built to take the thrust of 
the outside buffers. The body is carried on roller 
bearings 17, and has beneath its floor a sub-frame con- 
sisting of longitudinal members 24 and transverse 
members 38. The steel coil springs 10 have a central 
guide rod secured to the body sub-frame. The body is 
free to move along the underframe under the control 
of the springs 10. Secured to the ends of the transverse 
members 38 are brackets for carrying the shock-absorbing 
springs 30. Each spring consists of a column of rubber 
units with metal separating plates. Followers 33 
co-operate with the body brackets and with abutments 
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on the sole-bars so that each spring is double- -acting 
and all eight springs are compressed when the body 
moves in either direction from its mid-position. The 
steel springs maintain the body in its central position, 
The initial pressure of the steel springs is 8 cwt., while 
the initial pressure on the rubber is 24 tons. Anti- 
friction rollers 41 secured to the diagonals 12 engage 
the outer channels of the longitudinals so as to prevent 








the body rising and to provide lateral guides for the 
body when it moves. On buffing, immediately the out- 
side buffers begin to close, the urderframe is retarded, 
but the body is retarded very gently, so that damage 
to the freight is reduced. Similarly, when drawing, the 
body moves rearwardly and is slowly returned to its 
mid-position by the body-return springs. (Accepted 
May 10, 1946.) 


MINING. 


575,958. Coal-Cutting Machine. Mavor and Coulson, 
Limited, of Glasgow, and W. S. Galloway, and J. Anderson, 
of Glasgow. (4 Figs.) March 9, 1944.— A hydraulic 
jack jammed between the roof and the floor of the mine 
takes the reaction of a hydraulic ram as the latter thrusts 
the cutting head forward. The invention is directed 
to the supply and contro! of oil under pressure from a 
pump to the jack and the ram. The hydraulic system 
consists of a motor-driven oil pump 6, an oil reservoir 7, 
a@ hand-operated control valve 8, an automatic pressure- 
operated valve 10, a hydraulic intensifier 11, and the 
ram © of the cutter head. The intensifier and the 
automatic valve are carried by the jack and the other 
parts by the head. The valve & is of the piston type 
and has four positions. In operation, the pump 6 draws 
oil from the reservoir 7 and delivers it to the hand valve 8, 
which, in the idling position, returns it to the reservoir. 
The piston of the ram is then at the forward end of its 
cylinder. The operator moves the valve 8 to admit 
oil from the pump to the front of the ram cylinder while 
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maintaining the seal on the oi] behind the piston. A 
small pressure builds up on both sides of the piston 
and oil passes throvgh the automatic valve 10 to the 
jack cylinders. The intensifier 11 is by-passed. The 
jack pistons are forced against the mine roof, and the 
pressure rapidly rises. The automatic valve changes over 
and oil is now delivered from the intensifier under high 
pressure to the jack cylinders so that the jacks become 
firmly jammed against the roof. The pressure rises 
at the front of the ram piston and the operator moves the 
hand valve 8 to release the oil trapped behind the piston. 
The pressure of oil at the front of the piston then drives 
the cylinder and the head forward on a working stroke, 
after which the operator changes-over the hand valve 8. 
The jack is thereby released and the head and the ram 
cylinder remain stationary under their own weight 
while the pressure at the rear of the cylinder thrusts the 
piston and piston rod forward relative to the cylinder, 
drawing the jack with them. The machine is then ready 
for a further working stroke. The jamming pressure in 
the jacks is about 6,000 Ib. per square inch and the 
pressure in the ram about 2,500 Ib. per square inch, 
( Accepted March 13, 1946.) 
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V-2 ROCKET TESTS IN 
NEW MEXICO. 


PROBABLY the most co: iption of the 
construction. and operation of the German long- 
range rocket, known in this country as the V-2, 
but designated by the Germans themselves as the 
A-4, was that given by Mr. W. G. A. Perring at an 
informal meeting of the Institution of Mechanical 

held in London on October 12, 1945, 
and printed, with a summary of the discussion, on 
page 93, et seq., of vol. 154 of the Proceedings (1946). 
Mr. Perring gave a certain amount of information 
about the firing of the.rockets, but presumably this 
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1944, and March 27, 1945. So far as we are aware, 
no complete rocket, ready for firing, was captured 
by any of the Allies, but they did acquire, from 
various factories and stores, a number of components 
ready for assembly, together with instruction books, 
and it was from these: components that the British 
team assembled the rockets which were fired from 
Cuxhaven and which were said at the time to be 
the first launched since the enemy attacks came to 
an end. 

A fairly large stock of similar components fell 
into the hands of the United States forces at the 
underground rocket factory at Nordhausen and 
elsewhere, and these were transported to America 
for future investigation and experiment on «a 





Fie. 2. V-2 Rocket on Exvevatine TRAILER. 


was mainly at second hand, and derived from the 
experience revealed by captared German documents 
and technicians; some rockets were fired experi- 
mentally from Cuxhaven during October of last year, 
under the supervision of a British research team 
headed by Sir Alwyn Crow, but it would appear that 
these were not so much scientific experiments as 
exercises in the method of firing, and a confirmation 
to those who had been inquiring, from the “ receiv- 
ing end,” into the nature of these missiles, that their 
deductions from the fragments of those which ex- 
ploded on or over British territory were substantially 
correct. It will be recalled that the illustrations 
which accompanied a description of the V-2 rocket, 
on pages 87 and 90 of our 160th volume (1945), 
were reproduced from photographs of a specimen 
constructed by the Royal Aircraft Establishment 
from more or less battered components, salved from 
various “incidents” caused by the 1,050 V-2s 
which fell in southern England between September 8, 








scientific basis. They were placed in the hands of 
the General Electric Company for assembly and a 
site was selected at White Sands, New Mexico, for 
a firing base. Twenty-five rockets were built from 
the parts obtained—which, according to some 
accounts, were sufficient to make about 100 of the 
weapons—and the accompanying illustrations, Figs. 
1 to 9, on this and the succeeding pages, taken by 
photographers of the United States Signal Corps 
show the firing of the first of the batch, on May 10 
of this year. The preparations were more extensive 
than those carried out at Cuxhaven, a test tower 
being constructed to support a set of the propelling 
plant, which was run experimentally as a preliminary 
to actual firing. The rocket shown had no explosive 
charge in the head, but contained a number of 
instruments with a view to ascertaining ‘their chance 
of survival and recovery, ina readable condition, 
from the wreckage. It is understood that later 
experiments were to be made with working instru- 








ments, data to record conditions above the 
earth’s atmosphere as well as the trajectory and the 
variations in velocity of the rocket itself. The only 
control imposed was a radio cut-off of the fuel 
supply, to ensure that the rocket did not travel 
outside the limits of the proving ground. 

Before dealing further with the circumstances of 
this particular test, it may be desirable to recapitu- 
late the main features of the rocket and its pro- 
pelling mechanism. These details, as given by 
Mr. Perring in the address previously mentioned, 
are as follows. The overall length of the V-2 is 
about 46 ft. (14 m.) and the maximum diameter of 
the body is 5 ft. 6 in. The diameter over the four 
stabilising fins is 11 ft. 8 in. The front end consists 
of the conical war-head, about 5 ft. 11 in. long 
and constructed of }-in. steel plate. When filled 
with its charge of amatol, the war-head weighs 
2,150 lb. Immediately behind it is a compartment 
divided into four quadrants, containing the auto- 
matic pilot.and other control gear, and provided 
with removable covers to permit of easy access for 
adjustment. The next section of the body contains 
the two fuel tanks and is about 20 ft. long. Each 
tank has a capacity of about 150 cub. ft. The 
forward tank is filled with alcohol (according to 
Mr. Perring, diluted with a certain amount of 
water) and the other with liquid oxygen. In the 
tail-of the rocket—that is, within the length of the 
fins—are the turbine-driven fuel pumps, the com- 
bustion chamber, and the exit Venturi tube, into 
which project four graphite directing vanes to 
control the flight of the rocket while the jet is 

ing. After the fuel is cut off, directional control 


_1 is effected by larger vanes forming part of the four 


stabilising fins and actuated by gyroscopes in the 
instrument conrpartment ; but, in fact, the rocket 
has attained such a height (22 miles) by the time 
that the fuel is exhausted or cut off that the external 
control vanes can have very little effect in the 
rarified atmosphere, and the trajectory is no different 
from that of a shell from a gun. 

“The fuel-pump turbine is steam-driven, the 
ing plant consisting of s container filled with 
some 370 Ib. of hydrogen peroxide and another con- 
taining 27 Ib. of calcium permanganate, in aqueous 
solution; and a supply of compressed nitrogen 
which is applied to force these fuels into a mixing 
chamber, where steam is generated at a pressure of 
about 350 Ib. per square inch and a rate of about 
3 Ib. a second. The hydrogen peroxide is stated to 
have a concentration of about 80 per cent., and to 
be, apparently, relatively stable at that concen- 
tration. The single-wheel turbine develops about 
600 hp. at 5,000 r.p.m., and drives the two centri- 
fugal pumps directly... The pump impellers are 


| of different diameters to compensate for the dif- 


ferent densities of the alcohol and the liquid 
oxygen, and feed them to the combustion chamber 
at approximately equal pressures—about 350 Ib. 
per square inch, corresponding to a fuel rate of 
about 275 Ib: per second. The alcohol is used also 
to cool the Venturi nozzle, being circulated round it, 
through a double skin, before distribution to the 
18 mixing valves, through which it is sprayed into 
the combustion chamber. The maximum duration 
of powered flight is said to be about 65 seconds, 
but in the case of the rocket here illustrated the 
fuel was cut off by the radio-operated control after 
59-4 seconds. As the tanks are almost empty of 
fuel before the rocket reaches the very rarified 
atmosphere at the top of its trajectory, means must 
be provided to prevent them from collapsing. 
While the tanks are being emptied, the “ram 
effect’ of the forward motion, through an atmo- 
sphere which is still of appreciable density, can be 
used to maintain a within them; but at 

the higher part of the trajectory, the air is too rare 
for this method to be satisfactory. The air inlet is 
automatically closed, therefore, when the ram effect 
falls off, and pressure is maintained in the tank by 
means of the compressed nitrogen supply, stored 
in bottles and also used, as previously mentioned, 
to force the hydrogen peroxide and the perman- 
ganate into the mixing chamber of the steam turbine 
which drives the fuel pumps. 

Turning now to ‘the illustrations of the White 
Sands test on May 10, Figs.’ I ‘and 2 show the 





rocket on arrival at the proving ground from the 
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V-2 ROCKET TESTS AT WHITE SANDS, NEW MEXICO, U.S.A. 














workshops, some six miles away, where the parts 
were assembled. The trailer used is of the type 
developed by the German rocket service, the 
weapon resting in a hinged cradle, power-operated, 
in which it is raised to the vertical position as 
- shown in Figs. 3 and 4, on this page. It then stands 
upon its fins, on a small steel-framed platform, 





Rocket tn Position FOR FIRIne. 




















Fia. 6. Rocket Berna FvELLED. 


while the securing straps are detached and the|rather more than 100 yards from the rocket, with 


cradle is used as an access ladder for the purpose | walls 10 ft. thick and a pyramidal roof with a 
of making the final adjustments to the gyroscopic | maximum thickness of 27 ft., designed to deflect 
and other controls (Fig. 5) and for fuelling (Fig. 6). | the weapon if it should happen to fall back from a 
The gyroscopes are run up to speed electrically | faulty take-off, as seems to have happened fairly 
immediately before firing. The actual firing opera- | frequently in Germany during the early experiments 
tion was conducted from a concrete blockhouse'there. The operator in the blockhouse has a view 
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of the rocket through a well-protected slit, and ‘is 
in two-way communication by telephone and wire- 
less telephone with the ground crew and with a 
number of distant observation posts. He is able 
to check the functioning of the rocket motor in 
the initial stages, after the turbine has been started 
and the fuel ignited, before turning on the full 
flow of fuel. For a description of the actual firing, 
we may quote an observer, as reported in the 
American journal, Newsweek. 

Two red star shells were fired from the block- 
house as a warning to the ground crew and other 
watchers to take cover in the shelters provided. 
Then, “a whiff of smoke puffed between the V-2’s 


| tail fins. A burst of orange flame followed. Slowly, 


but smoothly, the rocket lifted itself off its base 
with @ deafening whoosh. Quickly it gained speed, 
trailed by a diamond-shaped flame, 5,000 deg. 
Fahrenheit hot. In 59-4 seconds, it rose 15 miles 
and reached a speed of 3,800 miles an hour; then 
the flame went out, on schedule. Thereafter, the 
V-2 travelled on momentum like any gun-fired 
projectile, but with its course stabilised by gyro- 
scopes. Lost to the eye, it was tracked by instru- 
ments. Three captured German theodolites photo- 
graphed it throughout its flight. Seventeen radars 
bounced their pulses off it to follow its trajectory. 
Radio receiving sets listened to automatic radios 
carried in the V-2’s ‘ peacehead,’ which replaced 
the normal warhead. For seven minutes 
the rocket flew. It landed only 39 miles 
from the launching point and only 360 yards from 
its expected landing point. Breaking into small 
pieces, it buried itself in the sand.” 

Some of the details may invite question—the 
first rocket fired from Cuxhaven was reported to 
have fallen within three miles of the target area, 
which was regarded as good shooting; but the 
photograph, Fig. 7, taken at a range of only 100 
yards, is evidence that any observer might be 
forgiven a certain emotional disturbance in the 
circumstances. Others who watched the test 
expressed their views in different words, but sub- 
stantially to the same effect. The rocket “ rose 
slowly and lazily at first, so that it seemed suspended 
by an invisible chain,” according to’ one; and 
another said that it “seemed to float into the air, 
almost like a balloon.” The better-equipped mem- 
bers of the official crew, watching through the optical 
instruments, reported that the rocket flew straight 
and did not roll on its axis; the alternate black ° 
and yellow painting of the fins, and the patches 
on the body, enabled this much to be ascertained 
as long as a visible watch was possible. The shape 
of the crater made where the rocket fell (Fig. 8) 
confirms the report that the fuel remaining in the 
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tanks, and possibly the compressed nitrogen .in 
the bottles, exploded when the casing broke up. 

Fig. 9, page 195, though not forming part of the 
previous sequence of illustrations, is included to 
illustrate the seemingly complex, though funda- 
mentally simple, propelling mechanism. The com- 
bustion chamber is to be seen on the extreme left. 
Immediately forward of it are the turbine and the 
fuel pumps, hidden in the system of piping. The 
roughly cylindrical portion of the body, from the 

bulkhead forward of the machinery to beyond the 
crane jib, contains the fuel tanks. It was stated 
that the range of the test rocket was deliberately 
limited, to ensure that the missile did not go outside 
the proving range, which is about 120 miles long. 
The height attained was about 75 miles. It is 
thought possible to reach a height of 120 miles 
as @ maximum, with this type of rocket, and a 
horizontal range of about 230 miles. An incidental 
item of information released from White Sands is 
that the Ordnance Department of the United States 
Army are building test stands to accommodate 
motors large enough to propel a rocket weighing 
150 tons; by way of contrast, it may be noted 
that. the V-2, in battle trim, weighs about 13 tons. 
It is hinted, too, that attempts are to be made to 
intercept one V-2 with another, fitted with a radio 
proximity fuse. 





LITERATURE. 


The Commissioning of Electrical Plant and Associated 
Problems. By R. C. H. RicHarpson, B.E., A.M.L.E.E., 
etc. Second edition, revised. Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
25s. net.) 

THE efficiency of electrical plant depends basically 

on its design and the care with. which it is manu- 

factured, but its performance is none the less greatly 
influenced by the way in which it is operated and 
first set towork. This latter operation, is in general, 
carried out by the outside erection staff of manu- 





facturers, but, although they may not be responsible | in 


until plant has been taken over, power-station staffs 
may well be closely interested and concerned. It 
is possible, even with the best intentions, for harm 
to be done at the commissioning stage, as, for 
instance, in attempting to dry out a large alternator 
too rapidly ; this may cause damage to the insula- 
tion. because the expanding air and moisture is 
unable to escape quickly enough. No great amount 
of literature has been devoted to the special field of 
commissioning which is covered by this book. 
There are a number of treatises dealing with the 
troubles and ills of electrical plant, particularly 
generators and motors, and these are of value to 
those concerned with the erection and starting up of 
new machines, but many of them are of an elemen- 
tary character and do not approach the subject 
from the point of view of eliminating troubles by 
ensuring that they are not induced by inattention or 
ignorance at the erection and commissioning stages. 
There are, however, many works bearing indirectly 
on the subject of this book, as is made clear by the 
extensive bibliography which it contains, and Mr. 
Richardson has performed a useful service by sifting 
and organising the data affecting commissioning. 
The reference above to erection staffs must not 
be taken to indicate that the book is concerned 
with such operations as lining up ; it is an electrical 
treatise, and although its main subject is com- 
, necessarily has considerable bearing on 
normal operation. Most power-station engineers 
would learn something from its perusal. The 
nature of the book may be indicated by reference 
to the section headings of the first chapter, which 
is entitled “Preparation of Alternators Prior to 
Putting into Commercial Service.” The sections 
cover such matters as drying-out, insulation-resist- 
ance measurements, measurements of temperature 
of windings, tests of protective gears, proving of 
phase sequence, considerations bearing on earth- 
leakage protection, picking-up load, etc. It is more 
than a mere instruction book, the theoretical basis 
of recommended procedure being dealt with in an 
informative manner throughout. In many cases, 
matters are discussed which concern operating 
rather than erection staffs, an example, being fur- 
nished by the section dealing with neutral-point 


earthing, in which the advantages and disadvantages 


‘| of earthing one or more neutral points of a number 


of star-connected alternators running in parallel 
are discussed in detail. Later chapters deal with 
alternator troubles, the commissioning of motors 
and transformers, direct-current plant, rectifiers, 
etc. The book was first published in 1938. The 
new edition has been revised in the light of progress 
since that time, but the main difference between 
the two editions is the addition of an entirely new 
chapter on “The Commissioning of Circuit Break- 
ers.” This is concerned only with oil breakers, but 
these still constitute the overwhelming majority of 
breakers installed and in use in this country. 





Analytic Geometry and Calculus. By Proressor H. B. 
PHILLIPS. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York, 16. 
N.Y., U.S.A. [Price 4.50 dols.} Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
(Price 27s.] 

As head of the Department of Mathematics at the 
Massachusetts Institute of Technology, Professor 
H. B. Phillips has had ample opportunity to discover 
the essential mathematical requirements of students 
of natural science and engineering, and his gifts as 
a teacher are apparent in his lucid exposition’ of the 
subject of this book. It provides a comprehensive 
first course in the calculus and analytical geometry, 
two subjects not generally treated together in English 
texts. The calculus section extends to multiple 
integration, but does not include differential equa- 
tions. The early introduction and subsequent free 
use of vector methods enables the analytical geo- 
metry to be presented in an unusually attractive 
manner. The chapter on complex numbers is in 
line with modern needs and includes an elegant 
treatment of the plane motion of a rigid body. 
Among other noteworthy features are the extensive 
sets of exercises (answers to which are provided), 
including problems of sufficient real interest to 
challenge the reader and well designed to develop 
his power of dealing with the mathematics involved 
practical problems in mechanics, hydrostatics, 
potential theory and thermodynamics. 

Only one misprint was notéd, where | z | = —z, 
on page 18, should read | —z| =z. The state- 
ment, on page 92, that, when a force is applied at 
@ fixed point of a body and the body moves, work 
is done by the force, needs qualifying to bring it 
into conformity with the general standard of 
accuracy of statement. It is unfortunate that the 
term ‘“‘ moment of inertia’? should be used, as 
stated on page 291, “‘ with mass replaced by length, 
area or volume.” It would be better to follow the 
statisticians in designating such summations in 
which inertia is not involved as “‘ second moments.” 
It would be difficult to improve upon this text as 
an introduction to the so-called “higher ’’ mathe- 
matics for those whose chief concern is the effective 
application of mathematical techniques to scientific 
and technical problems. 





Index of European Patents Concerning Compressors, Air 
Pumps, Blowers, Fans, Ejectors, etc. Gregersens Patent 
Register (M. Gregersen), 76, Vejlesivej, Holte, near 
C h , D k. [Price 41. net.] 


A PRIMARY requirement in the restoration of normal 
conditions in the engineering industries of Europe, 
if these are to develop in a healthy manner and not 
merely to continue on a basis approximating to 
that of the immediate pre-war years, is a state of 

normality or something approaching to it in inter- 
national patent validity and relationships. Such 
a state is particularly difficult to restore when so 
many of the usual centres of reference are out of 
action, if not out of existence. The problem of 
German patents has been receiving attention in 
most of the Allied countries, but chiefly, it would 
seem, for the purpose of using the rights of German 
inventors a8 @ contribution to reparations pay- 
ments ; the individual problems of inventors who 
wish to know the details of ex-enemy patents, 
before filing’ their own applications, are greatly 
complicated by the present disturbed state of 
Europe.’ It is they, we should suppose, apart from 
the patent agents and patent-granting offices, who 
will benefit most from the great amount of work 
that has gone to the compilation of this index ; 














though the price—understandable in view of the 











labour involved—makes the index rather a volume 
for the public or institutional library than for the 
private purchaser. 

The list of inventions, which occupies the greater 
part of the book, is divided into 14 sections, grouped 
in the three main divisions of compressors, air 
pumps, etc., with reciprocating pistons, those with 
rotary pistons (including Roots blowers and similar 
machines), and centrifugal blowers and compressors, 
fans, etc. The data listed in respect of the patents 
consist of the names of the patentees, the country in 
which the patent was granted, the serial number of 
the patent, the date of application or of priority 
(convention date), and the title (translated into 
English) or, in the case of foreign patents, a brief 
abstract in English. The patents in each section 
are arranged alphabetically according to the name 
of the patentee ; a method which is probably as 
helpful as any, although it introduces difficulties 
in any attempt to keep the list up to date by subse. 
quent additions. If the same invention has been 
protected in more than one of the nine countries 
covered by the index, the corresponding patents 
are usually listed mae The countries referred 
to are Britain, France, Germany, Holland, Switzer- 
land, Denmark, Norway, Sweden and Finland, the 
list relating to patents filed after January 1, 1928, 
in each case. 

The list of patentees, which precedes the list of 
patents in the book, is arranged aiphabetically 
according to the surname in the case of individuals 
and, in the case of firms, according to the principal 
word in their titles; but firms’ names are also 
entered under the first word of the title, and com- 
pound names are entered in their places under each 
component of the hyphenated name. In some in- 
stances, additional entries are provided, where a title 
contains a number of words of about equal importance. 
as means of identification. The addresses of patentees 
are not given in full, but the city or town is mentioned 
in the list of inventions, which would be sufficient for 
most requirements. It will be seen that the index 
is a truly compendious work and, if of somewhat 
restricted appeal, is one which is likely to become a 
valued source of reference to those who do have 
occasion to use it habitually. 





On the Choice of a Common Language. Edited by H. 
Jacos. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 7s. 6d. net.) 

THE respective merits of the various artificial 

languages which have been introduced, since im- 

proved facilities for travel have stimulated the 

desire for some kind of a linguistic common denomi- 
nator, are likely, perhaps, to appeal less to engineers 

(and to architects) than to others whose tastes or 

occupations involve journeys to foreign lands, since 

the average engineer can make himself understood 
almost anywhere with the aid of a pencil or a piece 
of chalk, and can be trusted never to go far without 
one or the other in his pocket. He may be tempted, 
indeed, to deny the need for any such conversational 
device as a constructed language, and to maintain 
that English provides all that is needed in that 
direction, if only the world at large would agree to 
adopt it generally. Nevertheless, the historical 
section which constitutes more than half of this 
book suggests that a need which, obviously, has been 
so widely felt is genuine enough and significant 
enough to warrant serious attention; Volapiik, 

Esperanto, Ido, Latino sine flexione, and others 

discussed have arisen in their turn and, in some 

cases; have acquired a considerable following. . Latin, 
of course, was. the medieval common language over 
most of civilised Europe and even yet its, utility 

to some extent, though much diminished ; 
but the claims of basic English, which is the subject 
of the second part of the book, are possibly stronger 
in some respects, particularly at the present day, 

even among those professions which still regard a 

classical education as essential. The book is not 

an engineering treatise by any stretch of imagina- 
tion, but the engineer of to-day must. expect to 
travel abroad, and may find some acquaintance 
with the matters discussed to be of assistance. 

English is the language of technical instruction in 

many countries, and that is a potential asset to 

Britain and to British people abroad that they would 

do well to keep in mind. 
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HIGH-VOLTAGE OVERHEAD LINES. 


Some information regarding recent progress in the 
design of high-voltage overhead lines on the British 
grid system is given in a paper by Mr. W. J. Nicholls, 
which is published in the July issue of the Journal of 
the Institution of Electrical Engineers. The conduc- 
tors originally chosen for the 132-kV lines were 0-175 
sq. in. copper-equivalent steel-cored aluminium. During 
the war, cadmium-copper and steel-cored copper 
conductors were used without altering the tower 
design. Vibration which occurred on the original 
lines was overcome by fitting Stockbridge dampers. 
On later lines the tension was reduced. Corrosion of 
the steel-cored aluminium occurred in industria] and 
coastal areas, but the life of the conductors was never 
less than 7 to 10 years. 

Until 1938, cone-type conductor joints were used, 
but the number of failures increased. The cause was 
high resistance in the aluminium assemblies, which 
transferred current to the steel, causing overheating 
and failure near the end of the joint. Compression 
joints are now used. The cadmium-copper conductor 
is jointed with either a cone or a drawn-sleeve joint. 
Cone joints are used on the steel-cored copper conduc- 
tor. Bolted and cone-type anchors were used, but both 
have now been superseded by the snail and compression 
types. Only two sizes of snail clamp grip are used for 
gripping the various conductors and earth wires on the 
132-kV and lower-voltage lines. For transposition on 
a single-circuit line, a tower was erected with the cross- 
arms reversed and the conductors changed over in the 
spans on each side of it. Crossings of conductors and 
earth wires then occurred in mid-span with a risk of 
clashing. These transpositions have now been removed, 
with the approval of the Post Office, and on new lines 
transpositions are not used. In 1938, double earth 
wires were introduced for a length of one mile at each 
end of new lines. 

The improved strength of insulators has enabled 
single-string heavy-duty tension sets to be used to 
— duplicate strings. For suspension insulators 
a deep shed unit has been adopted which, when periodi- 
cally cleaned, is relatively free from flashover in fog. 
Toughened glass is used for tension and suspension 
insulators. British insulator manufacturers have 
co-operated to standardise the fittings. Arcing gaps, 
instead of being constant, are now graded. 

minimum vertical clearance between the earth 
wire and the top conductors has been increased. 
Towers have withstood severe ice and snow loading 
on two occasions with only minor damage to the 
cross-arms, although the conductors and earth wire 
were brought down in many spans. The towers have 
a factor of safety of 2-5 under maximum normal 
loading conditions and of 1-5 under broken-wire con- 
ditions, namely, one broken wire on straight-line 
towers and two per circuit on angle towers. The 
foundations have been satisfactory and little change 
has been made. Earth pipes, instead of being fitted 
to all towers with concrete foundations, are used 
only when the resistance exceeds 25 ohms. 

On 66-kV and 33-kV lines, 0-15 sq. in., 0-1 sq. in., 
and 0-075 sq. in. steel-cored aluminium conductors 
are in use, while, during the war, lines with cadmium- 
copper conductors and steel earth wires were erected. 
The remedies for vibration were the same as on the 
132-kV lines. The 0-075 sq. in. steel-cored aluminium 
conductors have been found liable to clash under wind, 
and snow loading, and the spans have been reduced. 
Cone-type joints are used on most lines, but the ten- 
dency is to change over to compression joints, some of 
which prove satisfactory on the early lines. The drawn- 
sleeve joints used on 0-075 sq. in. conductors on 
one line have given no trouble in 15 years. Snail and 
bolted-type clamps are now used. 

Three normal insulator units are adequate for 33-kV 
lines, with five units for 66-kV lines. A concession 
made by the Electricity Commissioners in 1942 enables 
duplicate insulators to be dispensed with at road 
crossings if the flashover value is raised to 10 per cent. 
above the normal line insulation. Lines designed for 
operation at 33 kV can then be insulated for 66 kV. 
The vertical spacing between the conductors and 
between the earth wire and the top conductors has 
been increased. The use of stub frames, braced below 
ground, has been discontinued. Heavy and light 
concrete foundations are being used for all towers. 
The author stated that most of the improvements 
introduced on the high-voltage overhead lines of the 
British grid system during the past 15 years were the 
result of experience and research undertaken by the 
Central Electricity Board and the manufacturers. 





SHIPBUILDING ORDERS FOR THE CLYDE.—It is reported 
that a contract has been placed by the British Tanker 
Company, Limited, with Messrs. Lithgow’s, Limited, 
Port Glasgow, for the construction of two oil tankers of 
12,000 tons deadweight each. The engines for these 
vessels will be built and installed by Messrs. John G. 
Kincaid and Company, Limited, Greenock. 
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EFFECT OF INERT ATMOSPHERES 
ON FATIGUE TESTS.* 


By H. J. Govan, C.B., M.B.E., D.Sc., F.R.S., 
and D. G. Sopwrrs, B.Sc.Tech., Wh.Sc. 


Ir has been shown in a previous papert by the authors 
that the optimum fatigue resistance of a metal is not 
necessarily that indicated by fatigue tests carried out 
in air; the substitution for ordinary atmospheric con- 
ditions of a fairly high degree of vacuum (<10-* mm. 
of mercury) produced in several cases (particularly 
annealed copper and annealed 70 : 30 brass) a consider- 
able increase in fatigue resistance. In a paper, pre- 
sented to the Institute in 1935, an attempt was made 
to separate out the effects of some of the constituents 
of the atmosphere in order to ascertain the cause of the 
decrease in fatigue resistance which occurred in the 
presence of air. The materials used were the two 
mentioned above, copper and brass, as having shown 
the most marked atmospheric effect. The effect of im- 
purities in the atmosphere, which had been suggested by 
Dr. W. H. J. Vernon as a possible cause, since it is known 
that these impurities may cause season-cracking, was 
investigated by carrying out fatigue tests in air passed 
through a purifying train designed to remove acid 
(CO, and SO,) and alkaline (NH,) impurities, organic 
vapours, and dust. No appreciable effect was found 
to exist ; it should, however, be borne in mind that the 
impurities in an industrial atmosphere might have 
some effect, although those in the comparatively clear 
atmosphere in which the tests were carried out had 
none. Drying the air, however, had a considerable 
effect, bringing up the fatigue range of the copper 
practically to that in vacuo, and that of brass some 
distance towards that in vacuo. The results on these 
two materials are summarised in Table 1, which is 


TABLE I.—Resulis of Previous Tests on Copper and Brass. 





Fatigue Limit* 














} 
Ultimate | (Reversed Direct 
Tensile | Stresses). 
Material. | Strength, | Test Environment. 
x Tons per 
sq. in. 
| sq. in. Ratio. 
| 
Annealed | 14-4 | Atmosphere -| 24°35 1-00 
copper | | Partial vacuum ../| +4°9 1-13 
| ‘ae | Atmosphere ..| £4-45 | 1-00 
| | Damp purified air | +4-5 1-01 
| Dry purified air ..| +4-85 1-09 
| Partial vacuum ..| +4-95 1-11 
Annealed 19-8 eee pen .-| +725 1- 
brass Partial vacuum ++] +915 1-26 
|} 19-8 Atmosphere ay +7°55 1-00 
| | Damp purified air +745 0-99 
} | Dry purified air ..| +7-95 1-05 
| Partial vacuum a +9°3 1-23 
' | 





* Endurance limit (30 million cycles) in case of copper. 


extracted from a table, covering all the materials tested, 
given in the second paper mentioned above. 

From these results it was concluded that the presence 
of water vapour was necessary in order for the atmos- 
phere to have a deleterious effect on the fatigue resist- 
ance of copper, but that the effect was probably 
catalytic, the presence of oxygen also being necessary. 
In the case of brass, it appeared that oxygen, even in 
the comparative absence of water vapour, had a con- 
siderable effect, the effect of oxygen and water vapour 
together being greater. In order to complete the 
tests on the effects of the separate constituents, it was 
decided to investigate that of water vapour alone. The 
present paper describes experiments made with this 
object. 

In order to ascertain the effect of water vapour in 
the absence of oxygen, it was necessary to carry out 
fatigue tests in an atmosphere of inert gas humidified 
to the desired extent. Nitrogen was used for this 
purpose, the cylinder containing the gas being washed 
out with nitrogen before filling and hydroquinone being 
inserted to remove as much oxygen as possible. In 
the earlier tests carried out in nitrogen, an attempt 
was made further to purify the gas by passing it 
through a “nitrogen generator.”{ The latter is 
normally used for the removal of oxygen from atmos- 
pheric air by circulation through a solution of ammonia 
and ammonium carbonate over copper turnings. 
generator was followed by a purification train (described 
in the second paper mentioned above) for the removal 
of acid and alkaline impurities, the latter in this case 
consisting mainly of ammonia carried over from the 
nitrogen generator. On account of the amount of 





* Communication from the National Physical Labora- 
tory, entitled ‘“‘ Inert Atmospheres as Fatigue Environ- 
ments,” to be presented before the Institute of Metals 
in London on Wednesday, September 11, 1946. Abridged. 

t Jl. Inst. Metals, vol. 49, page 93 (1932). ° 

t See Van Brunt, Jl. Amer. Chem. Soc., vol. 36, page 
1448 (1914). 


ammonia it was necessary to change very frequent] 
the normal sulphuric acid provided for its - aan 
After some of the tests on copper in damp nitrogen 
had been carried out, it was decided to try cutting out 
the gan sosnem train and nitrogen generator. 

The arrangement finally adopted consisted of a cylin- 
der of nitrogen (containing hydroquinone) from which 
gas was passed through a reducing valve to a Babo 
tower containing dilute sulphuric acid, to the vacuum 
chamber (described in the first paper above) surround- 
ing the test specimen, and finally through a wash-bottle 
of dilute sulphuric acid to the atmosphere. The 
fatigue tests were carried out under reversed direct 
stress in a Haigh electromagnetic-type fatigue-testing 
machine of 30 cwt. capacity, at a frequency of about 
2,200 cycles per minute. 

The materials used in this investigation were the 
annealed copper and annealed 70:30 brass used for 
the main portion of the earlier tests; full particulars 
of the materials are given in the 1932 paper. The 
bars used were the same as those used for the tests in 
purified air, dry and damp, reported in the 1935 paper. 
As a check on the testing machine, however, two speci- 
ments of the copper were tested in air for comparison 
with these earlier results. 

The results of the fatigue tests on copper and braxs 
are given in Tables II and III, respectively. The two 


TABLE II.—Results of Fatigue Tests on Copper. 





| Estimated 





Applied | 2 .. | Endurance 
| Range of | Endurance | “Timit on 
Test Environment. Stress, Millions of | 2 * 107 
Tons per | “iitons of | Reversals 
} Cycles. | 
sq.in. | Basis, Tons 
| per sq. in. 
Atmosphere | +4-7° | 11-60 44:5 
+45 | 38-22 
Damp nitrogen(nitrogen | +5°3 | 5-19 +4°9 
generator, etc., in use) | +5-1 | 14-97 
+5-0 | 10-55 
| +49 | 30-23 
Damp nitrogen(nitrogen | +5°3 9-99 44-9 
generator, etc., not | +5-2 10-89 
+5-0 20-06 
+4°9 | 28-07 








TABLE III.—Resulis of Fatigue Tests on Brass. 














| nee ot Endurance ang 
Test Environment. | Stress, yt emg Limit, 
Tons per . | Tons per 
| sq. in. Cycles. 8q. 
| ! 
Damp nitrogen (nitrogen | +8-6 6-01 +7-95 
generator, etc., not +8-4 12-13 
used) +8-0 27-93 
+7-9 50- 
(unbroken) 
Dry nitrogen (nitrogen +9°5 4°81 +8-7(?) 
generator, etc., not +9-0 18-22 
used) +8-9 24-25 
+8-8 1-44* 
= 17-46 
om 19-64 














* Broken at flaw. 


check tests in air on copper show good agreement with 
previous tests on this bar (1935 paper). The two series 
of tests on copper in damp nitrogen (with and without 
the nitrogen generator and purification train) also 
show good agreement ; at the lower stresses the speci- 
mens tested without the generator gave somewhat 
higher endurances, indicating that any gain due to its 
use was more than counterbalanced by the effect of the 
ammonia carried over. As a result, the generator was 
not used in the tests on brass. The damp nitrogen 
tests on copper gave an endurance limit ap i 
so closely to that in vacuo that no tests have been carried 
out in dry nitrogen. 

In the case of brass, the results in damp nitrogen 
were well below those in vacuo; tests in dry nitrogen 
were therefore — out in addition. In each case 
the results on individual specimens are quite sennmnelay 
uniform, with the exception of one tna hy whi 
failed at a definite flaw. The number of speci 
remaining did not permit of a very close estimate of 
the fatigue limit in dry nitrogen; the result quoted 
(+8-7 tons per square inch) is perhaps on the low side. 

The results of the fatigue tests on copper and brass 
in all the various atmospheres investigated are sum- 
marised in Table IV, page 198. The inert gases present 
in the atmosphere have been omitted from the table, as 
these can hardly have any effect on the fati re- 
sistance. From Table IV, the effects of individual 
constituents shown in Table V, page 198, can be de- 
rived, the figures given being percentage reductions 
of fatigue limit due to the presence of the constituent. 
(It is assumed that copper in dry nitrogen would give a 





result between those tn vacuo and in damp nitrogen). 
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Considering first the case of copper, these results show 
quite definitely that neither oxygen nor water vapour 
produce much decrease when the other constituent is 
absent, and that impurities also have little effect. In 
this case, then, it can be stated definitely that the 
decrease in fatigue limit due to the atmosphere is 
caused by the combined action of oxygen and water 
vapour, the action of the latter being probably catalytic. 
In the case of brass, the interpretation of the results 
is by no means so easy. Here it appears, if the results 
are taken at their face value, that the decreasé in 


TaBLE IV.—Summary of Results of Fatigue Tests in 
Various Atmospheres on Copper and Brass. 





Fatigue 























| 
Constituents —/ Limit, Tons | Ratio. 
} per sq. in 
Test : | 3] = | | | 
Environment. A | d BI 3 S| | 4: | 
| = a n 
s|elgs ele) 2\|2|5 
Zo \E7| & | oO aA };o|A 
| | 
Partial vacuum | — | — | — | — |4-05|.9-3 100 | 100 
Dry nitrogen ..) x | — | — | — — |+8-7 —| oo 
Damp nitrogen | x | —| x | — |44-9 |+7-95! 99 | 86 
Dry pure air ont x | xi | — |+4°85|/+7-95| 98 386 
Damp pure air x | x x | — }+4°5 |+7-45) 91] 80 
Atmosphere ii x x x | x 1+4-45 +7°5 | 90] 81 
' | | 





* Endurance limit—30 million cycles. 
¢ Fatigue limit (or endurance limit) in partial vacuum = 100. 


TABLE V. Effects of Constituents of Atmosphere. 








Percentage Reduction. 








Constituent. ; 
Copper. | Brass. 
Nitrogen ee as Je = Otol | 6 
Water vapour (oxygen absent) nel Otol 38 
o- », (Oxygen present) ‘ .| 7 | 6 
Oxygen (water vapour absent) - “Ee tl 8 
»» | (water vapour present) ad | 8 | 6 
Impurities se te on +] 1 | —1 





fatigue limit is due in about equal proportions to nitro- 
gen, oxygen, and water vapour, the effects of the three 
constituents being independent. The decrease of 6 per 
cent. due to nitrogen is difficult to account for except 
on the assumption that the nitrogen used was not suf- 
ficiently free from either oxygen or water vapour or 
both ; if this were the case, the independence of the 
effects of oxygen and water vapour is apparent only, 
since no information is available as to the effect of one 
in the complete absence of the other. On the other 
hand, it would not then be expected that the combined 
effect of oxygen and water vapour (in addition to the 
small amount of one or both present in the nitrogen) 
would greatly exceed that of either alone. The assump- 
tion would also imply that the brass was much more 
susceptible to slight traces of oxygen or water vapour 
than was the copper. 
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LEVER-OPERATED FLAP STOP 
VALVE. 


An illustrated description was given in ENGINEERING, 
vol. 132, page 12 (1931), of the Ismailia tidal flap valve, 
so named because it was first employed at the Ismailia 
Pumping Station, Cairo, Egypt. The principle of the 
valve was new at that time and it has been widely 
adopted since for tidal valves, penstocks, etc. The 
manufacturers, Messrs. Ismailia Valve Company, 17, 
Victoria-street, London, S.W.1, have more recently 
applied the original principle to valves intended for 
other purposes, and the illustrations, Figs. 1 to 3, 
above, show the form it takes when used for the water 
cranes or standpipes employed for filling locomotive 
water tanks. An ordinary screw-down valve is some- 
times employed on such apparatus and is usually 
fitted above ground. Where adequate supervision is 
possible this type of valve is fairly satisfactory, except 
that both opening and closing are necessarily slow 
operations. There are, however. isolated situations 
in which it is inadvisable to have a valve that lends 
itself readily to unauthorised operation, even when a 
lock is provided; apart from its other advantages, 
the Ismalia lever-operated flap valve greatly minimises 
the risk of interference. The valve is situated in a pit 
near the base of the standpipe and is completely covered 
in. The operating lever is inserted into a socket, 
through a slot in the cover, so that it can be used and 
removed at will, thus rendering the means of regulating 
the water flow inconspicuous and not readily tampered 
with. We understand that this type of valve is used 
by the Egyptian State Railways, the Buenos Ayres 
and Pacific Railway Company, and others. 

The cardinal principle of the tidal flap valve remains 
unaltered, that is, the valve is of the hinged type but, 
unlike most hinged valves, is free-seating. The hinge 
is formed not by a pin but by the rolling of a cylindrical 
projection on the flap over a similar convex surface on 
the seat, an arrangement which should be clear in 
Figs. 1 and 3, these illustrations showing the valve in 
the closed and open conditions, respectively. The 
surfaces in contact are not machined and the movement 
is sufficiently free to allow the flap to adjust itself 
squarely on its seating. A pair of horn-like projections 
on the seat prevent lateral movement of the flap and, 
at the same time, provide a stop against complete 
displacement. The flap, when raised as in Fig. 3, 
gives full opening to flow through the seat. The seating 
face is formed by a dovetailed rubber ring in the flap, 
as shown in the enlarged view, Fig. 2. The chief 
purpose of this detailed illustration is to show, however, 
the method of attachment of the flap to the operating 
spindle, the connection between the two consisting 
of a link a, which, when the flap is closed, hangs freely 
from a transverse pin through the end of the spindle. 
In this way the freedom of seating is not interfered 
with, while there is no mechanical pressure to cause 
wear on the seating faces. The valve is kept closed 
wholly by hydraulic pressure, which is, of course, 
always on the top of the flap. The valves remain 
watertight under the usual test pressures of 400 ft. or 

















600 ft. head of water, according to the particular 
railway requirements. The lever will not operate the 
valve under such test pressures, of course, although it 
applies ample force for use under the working head. 
A drain plug on the bottom of the valve body on the 
outlet side enables the watertightness of the valve to 
be checked when in use, or the standpipe to be drained. 

The action of the lever operating mechanism will be 
apparent from Figs. 1 and 3. The portable lever itself 
is indicated at b. Its movement, through an arc of 
60 deg., opens the valve to its full extent, the turning 
on or shutting off of the water flow being thus vir- 
tually instantaneous. The opened and closed positions 
are determined by the stops c and not by the flap. 
The body of the valve is normally of cast iron and 
the flap of brass. Although a particular application 
of the lever-operated flap valve in a definite size, 
namely, 8 in. bore, has been described above, it will 
be evident that it can be readily used in other situa- 
tions, for example, in those railways which employ 
an overhead tank for locomotive filling. In this adap- 
tation, which is used in a number of railways both in 
this country and abroad, the valve is submerged in the 
tank and the operating mechanism differs slightly, the 
lever being replaced by a chain worked from the 
ground. The valve is made in a number of sizes for 
different purposes, from 14 in. to 9 in. bore, and also 
with a screw-down spindle and handwheel in cases 
where speed in operation is not important but a full- 
bore flow without divergence is required. This type 
closes against the pressure, and the screw-down method 
of operation is also applied to the bib tap ; in all cases, 
the method of pivoting and seating is the same. 





ROAD TRANSPORT OF Goops.—The Ministry of Trans- 
port announce that, in accordance, with the arrange- 
ments which were agreed with the Road Haulage 
Association to come into force when the Government’s 
Road Haulage Organisation, as at present constituted, 
came to an end at midnight on August 16-17, 1946, 
an Order has been made, revoking, as from August 17, 
the Road Transport of Goods Order, 1944. This placed 
restrictions on the movement of goods by road for dis- 
tances over 60 miles. 





STEAM, WATER AND OIL VALVES.—We have received 
from Messrs. Whites-Nunan, Limited, Church-street, 
Pendleton, Manchester, 6, a comprehensive illustrated 
catalogue of the wide range of valves manufactured by 
the firm for steam, water, and oil. The valves are of 
numerous types and sizes, and, in addition to the cast 
form in various metals, include alternatives with fabri- 
cated-steel bodies. A foreword to the catalogue reviews 
the changes in nomenclature undergone by the firm, 
the present designation replacing White’s Injectors, 
Limited, and White’s Engineering Company (Pendleton), 
Limited, and embracing the firms formerly transacting 
business under the titles of Nunan and Stove, Limited, 
Robert Watkinson, and the British Hose and Appliances 
Company, Limited. The activities of all these firms are 
now carried on under the name Whites-Nunan, Limited. 
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storage could be provided to tide over slack periods. 
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SOURCES OF ENERGY FOR HEAT, 
LIGHT AND. POWER. 


Ix a paper published in the Institute of Fuel 
Bulletin for August, 1946, Mr. J. Eccles enumerates 
some of the sources of energy from which heat, light 
and power may be derived. These include solar radia- 
tion, which amounts to two calories per square centi- 
metre per minute when the sun is overhead and the 
air transparent. This is equivalent to about 0-1 h.p. 

r square foot, but owing to clouds and atmospheric 
absorption, the departure of the sun from its zenith 
and its absence during the night, the mean effect is 
perhaps not more than one quarter of this. From a 
consideration of the radiation received by the earth 
and the distance and size of the sun, it is computed 
that each square inch of solar surface is emitting energy 
at a rate of 38 kW per second. The problem of con- 
verting this widespread diffusion of energy into a 
usable form is very difficult. One method would be to 
make use of photosynthesis, which is the process used 
by nature in the development of plant life. 

“In this process two or more substances are brought 
together and, under the influence of solar energy, 
combine to give a material of higher energy content. 
In a power plant employing this method, sunshine 
would pass through a solution of carbon dioxide in 
water. That solution would have to contain a catalyst, 
as yet undiscovered, which would promulgate the 
absorption of a large proportion, say, 50 per cent., 
of the solar energy. This would cause the water and 
carbon dioxide to combine (with the absorption of 
energy) to give formaldehyde. The solution of formal- 
dehyde would be conducted to a large number of 
electrolytic cells in which it would be oxidised in the 
presence of the proper catalyst and of an electrolyte to 
give back water and all the original carbon dioxide, 
as well as electrical energy at 90 per cent. efficiency. 
Nothing approaching such an ideal cell action has yet 
been attained. If, however, a true solvent of coal or 
cellulose could be found and that solvent were an elec- 
trical conductor, this process of *‘ cold oxidation ” might 
be used for converting coal or cellulose directly into elec- 
trical energy at an efficiency approaching 100 per cent. 
Such a photosynthesis plant would require to have 
large areas exposed to the sun; the water would have 
to be kept scrupulously clean; the bacteria would 
have to be kept down ; and the carbon dioxide from the 
electrolytic cells would have to be conducted back to 
and dissolved in the formaldehyde. Moreover, the 
output would not be continuous, unless the formalde- 
hyde solution were stored and then pumped to the 
electrolytic cells at the desired rate. 

Another source of energy is tidal action, which 
produces a high-water level at an average interval of 
12 hours 24 minutes. The diurnal variation, however, 
does not take place at a uniform rate and, in addition, 
there is a monthly and annual variation in the values 
of the tidal range. There is a large variation in the 
values of the ranges of the spring and neap tides. 
Broadly speaking, however, tidal phenomena produce 
a 12-hourly elevation of a very large volume of water 
which, if suitably impounded at its maximum eleva- 
tion, can be used to generate useful power. As the 
power derivable from a storage system varies as 
the square of the head, the monthly and annual 
variations are themselves quite considerable. It has 
been estimated that the aggregate total continuous 
capacities of the main tidal estuaries in Great Britain 
are 2,500,000 kW, all of which might not, however, 
be realisable in practice. One limiting feature is that of 
‘ bottlenecking ” where the neck of the estuary is too 
narrow to permit all the water available to flow in 
and out during each tidal cycle. Strangford Loch, in 
Northern Ireland, is a particular example of this, where 
perhaps not more than 15 per cent. of the available 
power could be utilised. As.an index of the possibilities 
of tidal power to meet the electrical requirements of 
the country, it may be mentioned that the total load 
supplied by the statutory undertakings is now about 
8,900,000 kW. 

The potential inland water power in this country is 
very small. Comparatively large development is, 
however, taking place in Scotland under the egis of 
the North Scotland Hydro-Electric Board. This will 
have an aggregate capacity of 2,000,000 kW at 30 per 
cent. load factor. Other developed sources in Scotland 
total 275,000 kW, while in Wales the developed power 
aggregates at least 53,000 kW. The obvious disabilities 
of the wind as a source of power is its intermittent 
character and the volume of the medium through which 
the power is transmitted to the mechanism. Never- 
theless, it is quite suitable for. pumping and land 
drainage, and,,in rural areas, might provide power for 
domestic and commercial purposes, if some form of 


As regards coal, Great Britain is using up its irre- 
placeable resources at 17 times the average world rate, 
and the life of those resources is only about one-seventh 
of that of those of the United States, based on the 1935 


more impressive. Although the total world resources 
are not accurately known, expert opinion places the life 
of the available oil at from 60 to 100 years,based on 
1939 world consumption. The coal equivalent of the 
total vegetation of Great Britain is 150,000,000 tons 
per annum; that is, if the annual growth of all the 
vegetable matter of this island were burnt it would 
provide less heat than the present output of British 
coal. This source of energy can, therefore, contribute 
only in a minor degree to our fuel problem. 
Dealing with atomic energy, the author referred to a 
statement by Mr. J. T. Kendall* that no method for 
the direct production of electrical energy by this 
means was at present insight. All the present methods 
of transforming thermal into electrical or other forms of 
energy are therefore still required. In the release of 
atomic energy, however, much higher temperatures 
will be obtainable than it is possible to reach with 
present methods. This will lead to increased efficiency 
of energy transformation, so that though a power plant 
operating on atomic energy would not be economically 
profitable at the moment, there is every likelihood that 
it will be valuable in the future. In fact, within the 
next 50 years it is possible that the production of 
atomic energy will have reached such a stage as to 
supersede entirely all other forms of energy production. 
me obvious conclusions as affecting the position 
in Great Britain can be drawn from the foregoing 
arguments. A mechanised civilisation upon 
the harnessing of one or more of the forms of energy 
found in nature. To do this, there must be an inherent 
gain in the process. This is abundantly realised in the 
case of coal, in the use of which for power purposes 
there is a gain of several hundred to one, Without 
this gain we should not have been able to support a 
sevenfold increase in population, raise our standard of 
living, reduce working hours and remove the necessity 
for physical effort from many of our mechanical 
rocesses. The continued success of the process, 
owever, depends on there being a market for the 
plethora of goods which we are thereby enabled to 
produce. Part of this market is provided by the 
increased needs of the home population, but part of it 
has hitherto been obtained by seeking and finding 
people in other countries who are anxious to obtain 
the things which we are making. In return they sent 
us food, iron ore and other natural products, which at 
first they won by direct physical effort, and later 
with the aid of the machines which we supplied. 

As mechanisation spreads, however, the competitive 
pressure of manufactured products will rise ; and as the 
number of non-mechanised countries decreases the 
need for the international exchange of manufactured 
products will diminish. Thus there is a double acting 
force tending to reduce the volume of international 
trade. Nevertheless, it is imperative for countries 
which are overpopulated in relation to their food- 
producing-capacity and raw material resources to 
secure a commensurate outlet for their manufactures. 
This can only be done by providing the purchaser with 
better value for his money than he can obtain elsewhere, 
which, in turn, means superior quality for a given price 
or a lower price for a given quality. In either case, 
this will require constant attention to our mechanical 
processes and a far-seeing policy which will ensure 
that mechanisation is sustained at a level commen- 
surate with our population. 

In this connection the question is how do we stand 
in relation to our native energy resources. Our coal 
cannot be expected to serve us for ever, and it would 
seem that within the lifetime of the younger members 
of the Institute it will be both scarce and costly. 
The amount of oil native to this country is negligible. 
The combustion of vegetable matter offers no solution. 
Windpower is unattractive, except for small isolated 
plants. The conversion of solar heat awaits the dis- 
covery of two catalysts. We are left with three 
substantial sources of energy, all of which should be 
exploited to the fullest possible extent. Inland water 
power should be harnessed wherever it is available 
and tidal power should be used in all the major and 
medium estuaries where there was a 20 ft. head. These 
things should be done whether the project is economic 
or not by the narrow standard of cost comparison, 
with which we had hitherto been accustomed to measure 
relative economies. The true economics of the case 
lay in the answers to such questions as: Will there 
be a mechanical advantage ? Will the energy rendered 
available by the process exceed the energy expended 
on the process? Is the source permanent or tempor- 
ary? Will it delay the exhaustion of our coal 
resources ? Is there a better alternative? If atomic 
energy could be made freely available in large quantities 
in controllable form it would be a complete answer 
to the problem. Its technical development should, 
therefore, be as rapid as scientific skill and resources 
permit. In the meantime, those large-scale water- 
power resources which otherwise form the only sub- 
stantial alternative should be developed. 








consumption. With regard to oil, the situation is even 


ELECTRICITY SUPPLY IN 
SOUTH-WEST WALES. 
(Concluded from page 177.} 

CONTINUING our account of the electricity supply 
system in South-West Wales: at the foot of the Fish- 
guard switching structure are three 22/11-kV transfor- 
mers, one of which has an output of 500 kVA while 
that of the other two is 250 kVA. These supply the 
11-kV networks in Fishguard, Goodwick and mi Great 
Western Railway harbour, respectively. From Fish- 
, & 22-kV line of similar construction to that from 
’ rdwest continues northward to Cardigan, where 
it terminates in a switching structure similar to that 
described on page 177, ante. Illustrations of the Car- 
digan substation appear in Figs. 11 and 12, on page 
200, and show the overhead switching equipment 
and the two 250-kVA transformers. A number of 
tappings are made from this line en route, notably to 
Dinas and Newport (Pembroke). Pole-mounted 
transformers, with outputs varying from 25 kVA to 
50 KVA, and air-break switchgear are used at those 
places, The secondary high-tension system for the 
Cardigan district is supplied at a ure of 3-3 kV 
from two 250-kVA transformers which are illustrated 
in Fig. 10. A further 3-3-kV system is fed from a 
250-kVA, 22/3-3-kV transformer. This supplies. elec- 
tricity to between 20 and 30 farms in the Cenmaes 
Head area of North Pembrokeshire. It was designed 
by Messrs, Pirelli-General Cable Works, Limited, 
Southampton, in accordance with the E.R.A. specifi- 
cation for light overhead lines. 

Adjacent to the Cardigan substation are two brick 
buildings. One of these houses a five-panel General 
Electric industrial type switchboard for controlling the 
3-3-kV local system, an illustration of which is given in 
Fig. 14, and the other a 620-kVA oil-immersed booster 
transformer for boosting the ure on the incoming 
Carmarthen i 22-ky line. From Cardigan, a 
22-kV line continues northward to Aberayron, where 
a supply in bulk is given to the Aberayron and District 

i ly and Power Company, Limited. 
This line is of similar construction to that between 
Haverfordwest and Fishguard, and terminates on a 
standard switch structure. At the foot of this structure 
are two 250-kVA, 22/3-3-kV transformers, while in a 
neighbouring brick substation is a General Electric 
industrial-type switchboard, which controls the supply 
both to the Aberayron Company and a single-pole 
line with 0-06 sq. in. copper conductors, through which 
a supply is given tq_Aberarth and Llanon, Between 
Cardigan and Aberayron a single-phase single-pole 
line, consisting of hemp-cored 7/12 S.W.G. steel con- 
ductors carried on Pyrex pin insulators, is tapped off 
to give a supply to Llangranog. In addition, there 
are a number of other tapping points for local distri- 
bution and for supply to Aberporth. From Aberayron 
the 22-kV system continues south-eastwards to 
Lampeter. 
The Cardigan switching structure acts as the terminal 
of the Carmarthen-Cardigan line. This line, which is 
of similar construction to those described above, as 
will be clear from Fig. 13, which illustrates the 50-kVA, 
22,000/400-volt pole transformer station and section 
switch at Conwil Elvet, passes through a switching 
structure at Rhos and through Velindre and Newcastle 
Emlyn, as well as a number of smaller places at which 
tappings are taken off. At Rhos a line runs off to 
Lampeter and continues from Lampeter to Tregaron. 
Tappings from the Rhos-Lampeter line are made for 
supplies to Llandyssul, Pencader, Llanybyther and the 
sanatorium of the King Edward VII Welsh National 
Memorial Association, which is situated in the hills at 
Allt-y-Mynydd. At Lampeter the line terminates on 
an outdoor switching structure, which controls the 
supplies to a 250-kVA, 22,000/400/230-volt transformer 
in the power station and also the 22-kV lines to Trega- 
ron and Aberayron. The incoming voltage from the 
Rhos line is controlled by a 1,200-kVA G.E.C. auto- 
matic voltage regulator. 

It will now be convenient to consider the arrangement 
at Carmarthen and the connections between the local 
company and that of the West Cambrian system 
proper. A bulk supply is received at Carmarthen from 
the Llanelly and District Electric Supply Company 
through duplicate lines at a pressure of 33 kV... Part 
of this supply is stepped down to 3-3 kV in. three 
transformers, two of 1,250 kVA and the other of 
2,500 kVA capacity, the low-tension sides of which are 
connected to a 14-panel General Electric truck-type 
board: This board also controls the low-tension side 
of five 3-3/22-kV transformers, from which a supply is 
given to the 22-kV lines to Narberth, Cardigan and 
Liandilo. The local 3-3-kV: network and converting 

lant, from which the 440-volt three-wire direct-current 
istributing system in Carmarthen is fed, are also 
controlled from this board. This distributing system 
is gradually being changed over to alternating current, 
The balance of the 33-kV supply direct, to the 
West Cambrian Company. Part of the 3-3-kV/22-kV 





* Sce ENGINEERING, Vol. 161, page 75 (1946). 


transformer installation is shown in Fig. 10, on page 200. 
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Fie. 12. CarpigaAN SUBSTATION SHOWING SWITCHGEAR. 


Four of these transformers, each of which has a capacity 
of 1,150 kVA, feed the Narberth and Cardigan lines and 
are fitted with on-load tap-changing equipment which 
is interlocked to prevent parallel operation on different 
tappings. The fifth unit, which has a capacity of 
500 kVA, feeds the line to Llandilo and Llandovery. 
None of these transformers is banked, but under 
normal conditions they are considered part of the lines 
they supply. It has been possible therefore to fit 
definite minimum time element relays on the 3-3-kV 
switches controlling the transformers, these relays 
being energised from current transformers, which 
are inserted in the earth connection of the star point 
on the 22-kV side of the main transformers. The 
line from Carmarthen to Llandovery via Llandilo, 
illustrated in Fig. 15, opposite, with the 3-3-kV 
Carmarthen ring main in the centre, supplies the 
3-3-kV system which feeds the latter district through 
two 250-kVA transformers and General Electric switch 
fuses. Tappings are also made to two quarries, one 
with an installed capacity of 500 kVA and the other 
with an installed capacity of 100 kVA. In addition, 
tappings are made through pole-type transformers of 
varying capacities for local distribution at 400 volts, 
while a line, which is nearly completed, will enable an 
increased ly to be given to the Co-operative Whole- 
sale Society’s creamery at Ffairfach, Llandilo. A view 
of the kiosk substation at Llandilo appears in Fig. 16. 





The line from Carmarthen to Narberth is of the 
standard single-pole construction used for 22-kV 
throughout the area. As load is normally transmitted 
from Carmarthen towards Haverfordwest, a booster is 
included in the circuit to compensate for the voltage 
drop. This is housed in a brick-built structure at 
Narberth, and is manually controlled to give a maximum 
boost of 10 per cent. Between Carmarthen and 
Narberth, the line is tapped to supply St. Clears, the 
spur being continued to the Coygon quarries, where 
transformers with an aggregate capacity of 500 kVA are 
installed and thence to the Ministry of Supply estab- 
lishment at Pendine. The Narberth substation 
contains a three-panel vertical isolating-type switch- 
board of General Electric construction. This board 
controls the 22-kV lines from Carmarthen and Haver- 
fordwest, and also the line to Golden Hill via Broad- 
field, near Tenby. In another section of this sub- 
station are one 250-kVA and one 100-kVA transformers 
for the local supply, the 22-kV sides of which are con- 
trolled by airbreak switchgear and fuses similar to 
those described above. The low-tension network is 
controlled by General Electric pillar-type units with 
porcelain hand-guard fuses, this equipment being 
standard for similar low-tension supplies throughout 
the area. 

The line from Narberth to Golden Hill via Broad- 
field, an illustration of which is given in Fig. 6, on page 
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Fie. 13. 


22-KV Pouz-TyPE SUBSTATION AT 
Conwit ELvEt. 


180, ante, is of the same construction as that adopted 
as standard for single-circuit 22-kV lines. At Broad- 
field there is a steel switching structure from which 
the outgoing and incoming lines, as well as the 
high-tension sides of three 500-kVA, 22/3-3-kV trans- 
formers, are controlled. These transformers are used 
for giving a supply to the secondary high-tension 
network in the Tenby and Saundersfoot districts, 
which is controlled by General Electric industrial-type 
switchgear. A hand-controlled booster with a capacity 
of 600 kW and capable of giving a 10 per cent. boost 
is installed in one of the Tenby lines. The switching 
structure at Golden Hill is similar to that at Broadfield 
and controls the 3-3-kV system to Pembroke Dock, 
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Pembroke, and Milton. In Pembroke and Pembroke 
Dock this system feeds 3,300/400-volt transformers, 
which are installed in kiosk substations. Energy is 
also provided for the local sewage-disposal plants, 
while a high-tension supply is given to the naval, 
military and Air Force establishments in Pembroke 
Dock, the voltage on the main cable to this place being 
controlled by an auto-voltage regulator of 1,000-kVA 
capacity. Between Golden Hill and Haverfordwest 
the 22-kV circuit crosses Milford Haven by a submarine 
cable, which was supplied and installed by Messrs. 
Pirelli General Cable Works, Limited. Near Houghton 
the line is tapped for supply to the Neyland district and 
to provide a standby supply to the Admiralty depot 
at Milford Haven. Three miles from Haverfordwest 
is another tapping to Hook anthracite colliery. 
During the war the high-voltage system was con- 
siderably extended to meet the demands of service 
establishments. The incoming 33-kV line from Llanelly 
was tapped at Tre-Vaughan, near Carmarthen, and a 
single-circuit overhead line was taken direct to Haver- 
fordwest to feed two 4,000-kVA 33/22 kV outdoor trans- 
formers which were connected on their lower-voltage 
sides through a three-core 0-06 sq. in. cable to the 
switchboard in the adjacent power station. This line, 
of three 0-1 sq. in. copper on single wood poles, was 
Gesigned by Messrs, Pirelli-General Cable Works, 


The 4,000-kVA transformers were manufactured by 
the General Electric Company, Limited, and each is 
fitted with motor-operated on-load tap-changing equip- 
ment, which is remotely controlled from the power- 
station board. A second similar line is at present under 
construction, and the 33-kV air-break switches in the 
outdoor terminal station will be arranged to allow 
single or parallel operation. This second circuit follows 
a more southerly route and will be tapped at Broad- 
field, near Tenby, for two 1,000-kVA 33/22-kV trans- 
formers, to be installed to relieve the existing heavy 
loading on the Carmarthen-Narberth line. From 
Broadfield, the line will continue in a north-westerly 
direction to the Haverfordwest outdoor sub-station, 
crossing the Eastern Cleddau by submarine cable, 
similar to that for the 22-kV crossing, described 
above. The low-tension overhead distribution system 
normally consists of 0-05 sq. in. or 0-1 sq. in. copper 
conductors, with a No. 8 8.W.G. conductor for street 
lighting, which are carried on wooden poles. In the 
majority of cases, distribution is on the 400/230 volt 
four-wire three-phase system, but in some of the 
smaller villages a three-wire 460/230 volt, single-phase 
system is used. 

Though the above description gives some indication 
of the outstanding features of the system, the extent 
of the latter may perhaps be better appreciated by 
repeating that the West Cambrian Company’s area 
of supply extends over 1,847 sq. miles and has a popu- 
lation of 161,762. This area is predominately rural, 
the principal towns being Haverfordwest, with a 
population of about 8,000, Tenby, Pembroke Dock, 
Pembroke, Cardigan, Fishguard, Lampeter and New- 
castle Emlyn. The farming community is fairly 
evenly distributed through the area, except in the 
hilly regions of south-east Cardiganshire and north 
Carmarthenshire, but the farms are not usually more 
than 100 acres in extent and concentrate, principally 
on milk production. The total length of 22-kV lines 
is 289 miles. In addition, there are 30 miles of 33-kV 
lines, with another 36 miles under construction, and 
nearly 67 miles of lines operating at either 11 kV or 
3-3 kV, and over 156 miles of low-tension overhead lines. 
There is some 19 miles of underground cable operating 
at 22 kV, 15 miles working at 11 kV, and 13 miles work- 
ing at 3-3 kV. The total number of substations of 
all types is 225. There are 44,100 premises in the area 
of supply, of which 13,500 are connected. The prin- 
cipal consumers include a large armament depot near 
Fishguard, where 2,400 kVA of transformers are 
installed, an Admiralty depot near Milford Haven, 
Ministry of Supply establishments at Pendine and 
Aberporth, Hook colliery, and a number of quarries 
and creameries, some of which have already been 
mentioned. The estimated connected load is over 
50,000 kVA, and the maximum demand is 11,820 kVA. 
There is an unexpectedly large domestic load, the 
number of cookers connected being 3,342, while there 
are also 1,021 water heaters. The output during 1945 
was 37,367,425 kWh, compared with 17,881,536 kWh 
in 1939, and the average price obtained was 1-62d., 
compared with 1-48d. in 1939. 

The Carmarthen Electric Supply Company operates 
under Orders granted in 1908 and 1929 and possesses 
powers to iibgty the borough and the adjoining parishes 
of Abergwili and Llangunnor. Outside the town the 
area is predominantly rural, and, though within the 
town there is a satisfactory domestic load, the principal 
consumers are two large dairies, one the property of 
the Cow and Gate Company and the other belonging 
to United Dairies, Limited. As already ‘mentioned, 
part of the supply in the town is on the direct-current 
system, which is obtained either from a 300-kW General 
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Electrie motor-generator or, in time,of light load, from 
a 150 kW Crompton-Parkinson rotary convertor. The 
construction of the high-tension and low-tension lines 
in the area of this company follows the practice adopted 
by the West Cambrian Company. The, company 
operates 16 substations and supplies 3,436 of the 
3,800 premises within the area of supply. The esti- 
mated connected load is 11,000 kW and the maximum 
demand is 1,630 kW. The output in 1945 was 5,161,890 
kWh, the average price being 1-81d. per kilowatt-hour. 
Some 550 cookers and 240 water heaters were connected 
to the mains. In Aberayron, 412 of the 430 premises in 
the area of supply are connected to the mains, the 
estimated connected load being 1,980 kW and the 
maximum demand 200 kW. The output in 1945 was 


358,990 kWh, and the average price 2-07d. per kilowatt- 
hour. Nearly 140 cookers and 36 water heaters were 
connected. 


In conclusion, we should like to express our thanks 
to Mr. C, L. Townsend, divisional engineer of the West 
Cambrian Power Company, for much assistance in the 
preparation of this article. 





INSTITUTION ELECTIONS. 
InstrruTion oF Crvm. ENGINEERS. 

Associate Member to Member.—Thomas Henry Carr, 
Shipley, Yorks. ; David James Garland, B.E. (Sydney), 
Brisbane, Queensland, Australia; Gerald Vincent 
Gwilliams Hall, M.Sc. (Bristol), Johannesburg, S. 
Africa ; Arthur George Ingham, 0.B.E., Edinburgh ; 
Horace Campbell Lusty, Wellington, New Zealand ; 
Bernard Alexander Rice, B.A., B.A.I: (Dublin), New- 
quay, Cornwall; Michael Adrian Speir, Ipswich ; 
Anthony Rylands Thomas, B.Sc. (Eng.) (Lond.), Bom- 
bay, India; Jamés Maxwell Watson, B.Sc. (Eng.) 
(Lond.), Yiewsley, West Drayton, Middx. ; James Ivor 
Whitehead, B.Sc. (Eng.) (Lond.), Caversham, Reading ; 
Robert Trevor Williams, M.C., Sydney, New South 
Wales, Australia ; Robert Charles Williamson, Eccles- 
ton Park, Prescot, Lancs.; Arthur Norman Wilson, 
M.Se. (Bristol), St. Andrews, Bristol ; Robert Francis 
Wilson, B.E. (National), Wolverhampton. 


INSTITUTION OF MECHANICAL ENGINEERS. 

Member.—Roy Patterson Key, B.Sc. (Leeds), Yate 
Bristol ;. Cyril George Mancha-Bennett, London, 
8.W.15 ; Captain (E.) John Frederick Ward Tamplin, 
R.N., ret., Rogate, Petersfield, Hants.; Comdr. Geof- 
frey Weston Wells; R.N., ret., Seunth , Lines. ; 
Thomas Martin Wilson, B.A. (Cantab.), Stevenston, 
Ayrshire. 

InsTITUTE OF MARINE ENGINEERS. 

Member.—Anthony Joseph Bradford, Ealing ; Alfred 
Norman Bramald, Blackpool; James Charles Bucha- 
nan, Boscombe; Royston G. Ferguson, Dublin; 
William Peter Glen, Leicester; Dudley Gualbert 
Hogan, Hammersmith; Reginald John Keough, 
Southend-on-Sea ; John Munro, Chatswood, Australia ; 
Percy R. Owens, Rainham ; Temp. Lieut. (E.) Stanley 
Paul Quenet, R.N.R., Sunderland; Bruce Graham 
Sherratt, Freshfield, Lancs.; George Henry Strong, 
Hull; Major Norman Turner, I.E.M.E., Runcorn ; 
Simon Servaas Ulrich; Live 1; Frederick John 
Ward, Maroubra, New South Wales, Australia ; George 
Crawford Watson, London, W.6; Eng. Capt. Sergey 
Zinoviev, U.S.S.R., London, S.W.5. 

Associate Member to Member.—Arthur Charles Efford, 
New Southgate; Thomas William Ross, Wickersley, 
near Rotherham. 

Associate to Member.—Ivor Wilton Shelly, Salisbury. 

Associate Member.—John William Greener, B.Sc., 
Sunderland. 

Associate to Associate Member.—Cyril Raymond 
Charlton, Folkestone. 





WORLD CHART OF SHORTEST ROUTES FROM LONDON.— 
In order to meet the needs of radio engineers, meteoro- 
logists and air navigators, the Hydrographic Department 
of the Admiralty, London, S.W.1, have issued a new 
chart of the world. The chart, we are informed, shows 
accurately, for the first time, the exact bearing and 
distance from London of any place in the world by the 
shortest route, The chart, No. 5085, is called “ The 
World on the Azimuthal Equidistant Projection.” There 
is nothing new in this projection, but hitherto only 
approximate maps have been produced onit. The calcu- 
lations for the graduation are laborious, even with 
mechanical aids, and the outlines of the land can be 
accurately drawn only by an experienced draughtsman. 
Its use is simple. A straight line ruled from London 
to any point shows the shortest route to that point, 
and the places traversed by such a route can be seen 
at a glance. It is surprising to find, for example, that 
the shortest route to Wellington, New Zealand, is through 
Norway and the Arctic coasts of Siberia, that to San 
Francisco passes through Greenland and the northern 
parts of Hudson Bay, and that to Singapore through 
Holland and Northern Germany. 





BRITISH STANDARD 
SPECIFICATIONS. 


TuE following specifications of engineering interest 
have been issuea by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 

High-Voltage Overhead Lines.—The purpose of the 
British Standard Specification (B.S. No. 1320-1946) is 
to standardise both three-phase and single-phase light 
high-voltage overhead lines for working voltages up 
to, and including, 11 kV. It embodies a number of 
relaxations of present practice which will, it is hoped, 
facilitate development in rural areas. Some of its more 
important features are discussed in detail in a leading 
article on page 182, ante. [Price 10s. 6d., postage 
included. ] 

Sampling and Analysis of Leathers—A new speci- 
fieation, B.S. No. 1309-1946, covers methods of sam- 
pling and analysis of vegetable-tanned and chrome- 
tanned leathers. The methods dealt with in the speci- 
fication are the official methods of sampling and 
analysis adopted by the International iety of 
Leather es’ Chemists in 1938. They have been 
reprinted as British Standard methods by permission 
of the International Society and on the authority of 
the Leather Industry Committee. The specification is 
divided into three main parts, dealing respectively with 
methods for the analysis of vegetable-tanned leather, 
methods for the determination of the acidity of vege- 
table-tanned leather, and methods for the analysis of 
chrome leather. All the methods are described in 
adequate detail. [Price 2s., postage ineluded.] 

Methods for Testing Glues.—An amendment to speci- 
fication B.S. No. 647-1938, dealing with methods for 
testing bone, skin and fish glues, has recently been 
issued. The revisions contained in the amendment slip 
show no fundamental changes, but some useful 
additions are to be noted. The jelly strength of the 
glue, as determined by the Bloom Gelometer, has been 
dealt with in greater detail in order to make clear the 
technique which should be followed. The temperature 
at which viscosity is to be determined has been raised 
to 60 deg. C., to bring it in line with American practice, 
and the results are now expressed in centistokes of the 
glue at a concentration of 12} per cent. by weight. 
[Price of the specification, B.S. No. 647-1938, is 3s. 6d., 
and of the amendment slip, reference P.D. 434, 6d., 
postage included in both cases. ]} 





BOOKS RECEIVED. 


Universal Directory of Railway Officials and Railway 
Year Book, 1946-1947. Compiled from official sources 
under the direction of the Editor of ‘“‘ The Railway 


Gazette.” The Directory Publishing Company, 
Limited, 33, Tothill-street, Westminster, London, 
S.W.1.. [Price 20s.} 


Modern Terrace Houses. Researches on High Density 
Developmen’ By A. TRYSTAN Epwarps. John Tiranti, 
Limited, 72, Charlotte-street, London, W.1. [Price 6s.] 

Mechanical World Monographs. No. 22. The Works’ 
Technical Information Service. By R. Howarp. 
Emmott and Company, Limited, 31, King-street 
West, Manchester, 3. [Price 1s. 6d. net.] 

British Electrical and Allied Industries Research Associa- 
tion. Technical Report No. J/T141. Cracking in 
Service of 0-5 per cent. Molybdenum Steel Steam Piping. 
Offices of the Association, 15, Savoy-street, Strand, 
London, W.C.2. [Price 1s. net.] 

British Locomotive Types. Compiled by “‘ The Railway 
Gazette”’ from Official Drawings Supplied by the Chief 
Mechanical Engineers of the Four Main-Line Railways 
and by the Ministry of Supply. The Railway Publishing 
Company, Limited, 33, Tothill-street, Westminster, 
London, 8.W.1. [Price 8s.} 

Railway Signalling and Communications, Installations and 
Maintenance. Second edition. The St. Margaret’s 
Technical Press, Limited, 33, Tothill-street, West- 
minster, London, S.W.1. [Price 8s. net.] 

Department of Scientific and Industrial Research. Building 
Research. Technical Paper No. 28. Protractors for the 
Computation of Daylight Factors. By A. F. Dutron. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 4d. net.] 

Mitteilungen aus dem Institut fiir Baustatik an der Eidge- 

néssischen Technischen Hochschule in Ziirich. No. 17. 

Das Ausbeulen der auf einseitigen, gleichmédssig verteilten 

Druck beanspruchten Platten im elastischen und plasti- 

schen Bereich (Versuchsbericht). By DR. sc. TECHN. 

Ing. C. F. KOLLBRUNNER. [Price 10 Swiss francs.] 

No. 18. Schrumpfsp 0 und Dauerfestigkeit 

geschweisster Trdgerstésse. By Pror. Dr. F. Srtssi 

and DR. sc. TECHN. ING. C. F. KOLLBRUNNER. [Price 

5 Swiss francs.) No. 19. Das Tragvermégen.der Druck- 

gurte offener Fachwerkbriicken mit parallelen Gurtungen. 

By Dr. sc. TECHN. ING. WiLLy SonrsieR. [Price 

6 Swiss francs.] A.G. Gebr. Leemann & Co., Stocker- 

strasse 64, Ziirich 2, Switzerland. 
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PERSONAL. 


PROFESgOR DovGias Hay, M.C., B,Sc., M.Inst.C.k,, 
President of the Institution of Mining Engineers ang 
Honorary Professor of Mining in the University of 
Sheffield, has been appointed chief mining engineer to 
the National Coal Board, Lansdowne House, Berkeley 
Square, London, W.1. 


Mr. W. S. Scorr, works superintendent of the Darling. 
ton Forge, Limited, and Mr. H. G. GRADWELL, sales 
manager to that company, have been appointed special 
directors. 


Mr. H. R. Muits, M.Sc. (Lond.), A.M.I.E.E., who wag 
appointed Principal of the Cochin State Government 
College, Madras, in 1935 and became Assistant Director 
of Education at Naval Headquarters, India, in 1943, has 
been appointed Assistant Director of the Science Depart- 
ment of the British Council, 3, Hanover-street, London, 
W.1 


Major W. LEWTHWAITE, M.C., who has been in charge 
of the buying department of the Witton group of engin- 
eering works of the General Electric Company, Limited, 
forthe past 35 years retired on July 31. He will, how- 
ever, continue to act as chairman of the G.E.C. Buyers’ 
Conference. Mr. A. J. D. KRAvsE also retired on July 31 
after 51 years’ service as works manager of the General 
Electric Company’s switchgear works at Witton. He has 
been succeeded by MR. JoHN DONKIN, B.Sc., A.M.I.E.E., 
A.M.1I.Mech.E. 


Elections of officers for the 1946-47 session have 
recently taken place in many branches of the Association 
of Supervising Electrical Engineers. Among the chair- 
men elected are Mr. P. E. NOBLE, who will act for the 
Bristol branch; Mr. A. STARKEY for the Coventry 
branch ; Mr. G. H. PARKER for the Manchester branch ; 
Mr. H. W. QuEtcs for the North-East London branch ; 
Mr. A. G. HuNTER for the Sheffield branch; Mr. E. J. 
PRENTICE for the South London branch; Mr. D. C. 
MITCHELL for the South Wales branch; Mr. R. APpPLe- 
YARD for the South-West London branch; and Mr. A. 
SmrruH for the Wolverhampton branch. 


Mr. J. LatHaM, secretary and a director of Manchester 
Collieries, Limited, has been appointed chief finance 
officer of the National Coal Board. 


Mr. A. V. GRAVES, who was previously with Litton’s 
Machine Tool Company, Limited, for many years, has 
now joined Messrs. E. H. Jones (MACHINE TOOIs), 
LirreD, Edgware-road, The Hyde, London, N.W.9, as 
manager of the used machine-tool section. Mr. E. W. 
KELLEHER has been made inside sales manager in succes- 
sion to Mr. P. E. VERRALL, who is now assistant general 
manager. Messrs. E. H. Jones have been appointed 
sole selling agents for MrEssrs. DARLING AND SELLERs, 
LimIreD, Keighley, for all home and export markets with 
the exception of India and Australia. 


Mr. NoRMAN R. A. Bives, A.M.I.A.E., A-R.Ae.S., has 
resigned his position as publicity manager with Blackburn 
Aircraft, Limited, Brough, E. Yorks., after six years’ 
service, to take up a post in a similar capacity with 
Messrs. John Fowler and Company (Leeds), Limited, as 
from September 1. Mr. Biles’s successor with Blackburn 
Aircraft is Mr. C. HOLLOWELL. 


Mr. D. A. L. WALLACE has been appointed to the 
Colonial Service as an assistant engineer in the Railway 
department, Nigeria. 


Mr. A. C. WiLBy has been elected vice-president of the 
United States Steel Corporation, of Delaware, U.S.A. 
He has been associated with the firm since January, 
1909, and will continue to have his main office in the 
Chicago district. 


THE INCORPORATED MUNICIPAL ELECTRICAL ASSOCIA- 
TION have removed from Wellington House, 125-130, 
Strand, to temporary headquarters at 254-260, Earls 
Court-road, London, 8.W.5. (Telephone: FRObisher 
2232, extension 12.) 


A new company, MACHINE Too. ELEcrrics, LIMITED, 
Lendon-road, Leigh-on-Sea, Essex, has been formed for 
the purpose of specialising in the design and manufacture 
of control gear a8 required by manufacturers of machine 
tools and other motor-driven equipment. 


Messrs. THE HOFFMANN MANUFACTURING COMPANY, 
Limirep, Chelmsford, Essex, inform us that they are 
opening a branch office at 217, Westgate-road, Newcastle- 
upon-Tyne, 1, on September 2. (Telephone : Neweastle 
26608 ; Telegrams: “ Hoffmann, Newcastle.’’) 


Messrs. Sin W. G. ARMSTRONG WHITWORTH AND CoM- 
PANY (ENGINEERS) LIMITED, inform us that, on and 
after August 31 and until further notice, all correspond- 
ence, accounts and small parcels should be addressed to 
P.O. Box No. 10, Slough, Bucks. (Telephone: Slough 
22416; Telegrams: Kadeng, Slough.) Goods should be 
sent as previously, unless specified otherwise, o/ 0 
B.LC.E.R.A., 111-112, Buckingham-avenue, Trading 








Estate, Slough, Bucks. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—There is general relief in steel circles 
now that the Government have modified their attitude 
towards the industry, and immediate measures to bring 
into operation the Scottish part of the Federation’s 
development scheme are being taken. The schemes will 
not be ready in time to relieve present heavy pressure 
of home and overseas consumers, but the obsolescence of 
other plants, coupled with the general shortage of pig- 
iron and steelmaking capacity, compels immediate 
action. Seotland is now entirely dependent upon 
imported ores, as the consignment of the lean home ores 
from England to this area has ceased. The reasons for 
this change are the uneconomic costs involved; it is 
cheaper to bring high-grade foreign ore in by sea, and 
the fuel saving obtained is another vital factor. This 
week a feature has been the attempt to place very large 
United States orders for sheets in this country. Inquiries 
for 100,000 tons of sheets have been received by two of 
the largest English firms, while a Scottish firm was 
asked for some thousands of tons. None of these inquiries 
has been accepted at present, as makers are overwhelmed 
with home orders of much greater priority. 

Scottish Coal.—Supplies have become more difficult to 
obtain within the past week or so, owing to increased 
absenteeism at many of the collieries and a minor recur- 
rence of unofficial disputes in Lanarkshire, Ayrshire, and 
Fife. As @ result, there has been some scaling-down of 
deliveries in order to keep pace with the prior needs of 
public utilities and other essential home users. While 
the control has kept close to its programme so far, the 
absence of any marginal reserve means that additional 
help required for any particular consumers can only be 
obtained by increased output. The main concern is to 
save the position of the utilities, and thereafter to improve 
deliveries, if possible, so that industry will not be pre- 
vented from expanding for lack of coal. While household 
stocks are better than was the case last year, the com- 
mittees are by no means complacent. It is felt that 
when the winter comes the heavy demands of industry 
and of the gas and electricity undertakings will prevent 
domestic users from getting their full allocation. Open- 
cast production was reported to be down a little in 
places. Export releases were again confined to the very 
inferior grades. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Pig iron is in strong demand, and the 
production satisfies requirements in spite of occasional 
scarcity of blast-furnace coke due to limited allocations 
of coking coal. Finished iron is also in steady demand, 
but more men are needed for its production. Basic 
steels are in active request, and acid carbon steels are 
moving freely. High-carbon steels are needed in larger 
quantities than are readily available, and there are 
delays in deliveries to the consuming trades. The new 
season in the agricultural-steel trades has had a good 
start, with an encouraging influx of orders for machine 
parts, spares and hand tools. The demand for high-speed 
twist drills and milling cutters continues, and hacksaw 
blades are in heavy request. The labour position is 
improving slowly, but it is estimated that it will be a 
long time before the supply of both skilled and unskilled 
labour is sufficient for all requirements. Good progress 
is being made with work on many export orders for a 
large variety of steel products. 

South Yorkshire Coal Trade.—Steady production is 
maintained in the South Yorkshire coalfield. Industrial 
demands are heavy, and deliveries of washed and graded 
steams are considerably in arrears ; a substantial tonnage 
of alternative qualities, however, is being directed to 
users. Gas coal is in strong demand; and requirements 
for gas coke are being met more satisfactorily, with 
fewer delays. Coal for electric power stations is being 
specially directed to secure deliveries of a specific tonnage 
in order to build up stocks to a safe level. 





FUTURE OF FALKIRK ROLLING MILLs.—The British 
Aluminium Company, Limited, Salisbury House, Lon- 
don Wall, London, E.C.2, announce that they have now 
acquired for commercial purposes the Falkirk rolling 
mills, designed and operated for the Government during 
the war period. The factory was originally laid out 
primarily for the production of heat-treated aluminium 
alloys for aircraft, but is now also producing sheet and 
coiled strip for pre-fabricated houses, furniture, and other 
aluminium goods for new or re-established peace-time 
uses. The plant is one of the largest and most modern 
units in the country for producing sheet and strip rolled 
products in pure aluminium and a full range of work- 
hardened and heat-treated alloys. Sheets will be avail- 
able up to 18 ft. long by 6 ft. wide by } in. thick or 50 ft. 
long by 4 ft. wide by 4in. thick ; coils up to 6 ft. wide (4 ft. 
wide if heat-treated) and 1,500 Ib. in weight ; and plates 
up to 30 ft. long by 6 ft. wide and 2,000 Ib. in weight. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Welsh Coal Trade.—The miners’ annual holidays 
during Bank Holiday week cost South Wales 395,142 
tons in production. This was the amount by which the 
output fell from the previous week’s level to 7,509 tons. 
During the holiday week only those collieries engaged 
on urgent orders remained working. In the corresponding 
period of last year, output was 8,902 tons. A fortnight 
before output showed a sharp jump to 525,122 tons, at 
which it was the highest recorded this year and exceeded 
the Shinwell target by 13,000 tons. By a majority of 
59,541 over his nearest competitor, Mr. Arthur Horner, 
President of the South Wales area of the National Union 
of Mineworkers, has been elected general secretary of 
the union in succession to Mr. Ebby Edwards. After his 
election, he said that the granting of the miners’ charter 
immediately would do more than anything else to win 
the full support of the miners in the arduous tasks ahead. 
Business on the Welsh steam-coal market during the 
past week has been greatly impeded by the acute scarcity 
of supplies. There was a brisk inland demand, including 
some for stocking purposes, but collieries generally were 
kept fully occupied in maintaining deliveries under 
contracts and in making good arrears in supplies for the 
public-utilities and the most important industrial con- 
sumers caused by the holiday stoppage. It will be some 
weeks yet before the market has recovered completely 
from these effects. As a result of the shortage of supplies, 
export business was difficult to arrange. Once again, 
the only supplies which shippers had to offer to ordinary 
consumers overseas were the very lowest grades, princi- 
pally the anthracite duffs and coke breeze. Shipments 
of these were proceeding quietly under the quotas which 
have remained unchanged at the reduced levels. The 
home demand for cokes and patent fuels was brisk and 
consumers had considerable difficulty in covering their 
needs. 

Swansea Steel-Sheet Industry.— The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate had a strong tone 
and there was no relaxation in either home or export 
demand. Makers have well-filléd order books for the 
current period and later. In the export market, sales 
showed a slight increase and, as prices are not controlled, 
enhanced figures are obtainable. Steel sheets are un- 
changed and makers are offered more orders than they 
can deal with. The iron and steel scrap market remains 
quiet although deliveries to consumers are substantial. 
The prices of iron and steel products and of non-ferrous 
metals are as follows :—Prime tin-plates, per box of 
108 Ib., containing 112 sheets measuring 20 in. by 14 in., 
348. 3d., 348. 6d., and 34s. 104d., f.o.r., according to the 
tin coating, for home consumption. Unassorted tin- 
plate base uncoated plates, 28s. 9d. per box, f.o.r. at 
makers’ works. Unassorted terne-plates, per box of 112 
sheets, measuring 28 in. by 20 in., 65s. 3d.,f.o.r. All the 
above prices are subject to a schedule of extras for certain 
sizes and qualities. Galvanised corrugated steel sheets, 
Nos. 17-20 gauge, in bundles, 291. 1s., and steel-sheet and 
tin-plate bars 121. 7s. 6d., all per ton, delivered. Welsh 
hematite pig iron, 8/. 14s. 6d., and Welsh basic pig iron, 
81., both per ton, delivered, and both subject to a rebate 
of 5s. The distribution of supplies of metallic tin is con- 
trolled and the price of the metal is 3001. a ton. The 
maximum control price of fire-refined copper (containing 
not less than 99-2 per cent. of the metal) is 82/. 10s. a ton, 
and that of high-conductivity electrolytic copper, 841. a 
ton. The maximum control price of lead, English 
quality, is 567. 10s. a ton, of foreign soft pig lead, duty 
paid, 551. a ton, and that of spelter, 501. a ton. 





CIVILIAN INDUSTRIES AT KIDBROOKE R.A.F. DEPOT.— 
The Board of Trade announce that six London firms have 
been allocated factory space for civilian production in 
part of the No. 1 maintenance unit at Kidbrooke, Black- 
heath, London, S.E.3, which is being vacated by the 
Royal Air Force. They are Foxborough Yoxall, Limited, 
makers of scientific instruments ; Scientific and Projec- 
tions, Limited, instrument and cinematograph equipment 
makers; Paterex, Limited, instrument makers; Brent- 
ford Transformers, Limited ; Messrs. F. C. Burnard and 
Company, Limited, engineers’ chuck manufacturers ; and 
Messrs. J. S. Manufacturing Company, Limited, wood- 
workers. Several of the firms suffered bomb damage and 
are at present without accommodation. It is expected 
that employment for about 1,200 persons will be pro- 
vided. These allocations, including one still to be made, 
represent about 150,000 sq. ft. of the total covered floor 
space of 700,000 sq. ft. The remainder will be used by 
Government departments for storage and servicing. 
This will enable 28 requisitioned buildings in London, 
Leicester, Luton, Thatcham (Berkshire), Keighley, Croy- 
don, Wallington (Surrey) and Tonbridge to be returned 
to industry. -They were formerly used for the. manufac- 
ture of clothing, gloves, food products, motor tyres, con- 
fectionery, plastics, and cardboard boxes, and as printing 
works, gas-stove repairing works, and iron foundries. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF MeETAIs.—Tuesday and Wednesday, 
September 10 and 11, The Institution of Civil Engineers, 


Great George-street, Westminster, 8.W.1. Autumn 
Meeting. Tuesday, September 10, 2.30 p.m., official 
business, and papers for discussion. Wednesday, Sep- 





tember 11, 10.30 a.m., two technical sessions to be held 
simultaneously. 1.15 p.m., the Connaught Rooms, Great 
Queen-street, Kingsway, W.C.2, luncheon. For pro- 
gramme, see page 154, ante. 

INSTITUTION OF PRODUCTION ENGINEERS.—Luton 
Section: Wednesday, September 11,7 p.m. The Central 
Library, Luton. Film: “ The Pluto Pipeline.” Derby 
Sub-Section: Monday, September 16, 6.45 p.m., School 
of Arts, Green-lane, Derby. Lecture: ‘“‘ Continuous 
Gauging of Rolled Material.’’ 


INSTITUTION OF AUTOMOBILE ENGINEERS.—London 
Graduates’ Section : Wednesday, September 18, 6.30 p.m., 
12, Hobart-place, Westminster, S.W.1. ‘“‘ Racing Cars,” 
by Mr. H. Pringsheim. Birmingham Centre: Tuesday, 
September 24, 6.45 p.m., James Watt Memorial Institute, 
Birmingham. Brains Trust Meeting. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—As orders are placed on the terms 
ruling at the time of delivery, the recently announced 
advances in fixed values for iron and steel attracted little 
attention and have not checked buyers from negotiating 
for substantial supplies over periods considerably ahead. 
Producers of nearly all commodities are extensively sold 
and purchases of several descriptions of material cannot 
be effected except for delivery dates in 1947. The con- 
tinued demand for larger supplies of materials urgently 
needed for home purposes necessitates severe restriction 
in the release of tonnage for export. High-phosphorus 
pig iron is required in larger quantities than are available 
and most other blast-furnace products are promptly 
taken up. The demand for steel greatly exceeds the 
supply. 

Foundry and Basic Iron.—The make of ordinary 
foundry pig iron is still intermittent and is practically 
negligible. Makers of light castings are receiving sub- 
stantial parcels of Midlands brands, but are in urgent 
need of larger deliveries to enable them to deal with the 
extensive contracts they have in hand. Supplies are 
rigidly allocated and prospects of an increase are not 
bright. The situation in regard to basic iron is un- 
changed ; makers continue to retain the whole of the 
output for the requirements of their own consuming 
plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
available parcels of East Coast hematite cover the require- 
ments of the home users and moderate stocks are reported 
to be held by producers, but merchants are still unable 
to secure licences for shipment to customers abroad who 
are anxious to make substantial purchases. Low- and 
medium-phosphorus grades of iron are being used in 
increasing quantities, and manufacturers of refined iron 
are handling their orders satisfactorily. 

Manufactured Iron and Steel.—The demands for semi- 
finished and finished iron are not excessive, but steel 
producers are overwhelmed with orders and are unable 
to entertain offers of new business except for remote 
delivery dates. The demand for maximum supplies of 
steel semies is intense. Prime billets are still in short 
supply and consumers readily accept any usable inferior 
products available. Outputs of sheet bars and slabs 
are promptly taken up and larger deliveries would be 
welcome. Finished commodities are also wanted in 
much larger quantities than are obtainable. Makers of 
sheets and plates have sold this year’s outputs and have 
considerable orders to be carried out in the early months 
of 1947, while contracts in hand for railway requisites and 
colliery equipment will keep the plants actively engaged 
for some months. 

Scrap.—Cast-iron scrap, machinery metal and good 
heavy steel scrap are in strong demand and the supply is 
adequate. 





DIsTRICT-HEATING SCHEMES IN SCOTLAND.—Glasgow 
Corporation Housing Committee is proceeding with a 
district-heating scheme for their new housing estate at 
Priesthill, and a similar project for Bonnyrigg, in Mid- 
lothian, has also been passed. The estate at Priesthill, 
comprising 560 flats and buildings, will be served by one 
central boiler-house, equipped for burning low-quality 
fuel without smoke. The houses will be heated by means 
of radiators. and hot water for domestic purposes 
will be laid on. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title, 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £218 6 
Thick paper copies. ............ £3 3 0 
For all other places abroad— 
Thin paper copies ................ 3 3 0 
Thick paper copies ............ #3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 
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THE CULT OF THE MODEL. 


SOMEWHERE in the writings of Oliver Wendell 
Holmes is the comment, inspired by hearing, from 
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a house that he was passing, the sound of a piano 
being thumped with more savagery than skill, that 
any irritation which such cacophony might induce 
was always tempered in his mind by the reflection 
that, denied this safety valve for the emotions, 
the player might have been driven to commit a 
murder. It may be that the effect on others, with 
more sensitive ears, might be to precipitate murder 
rather than to avert it, but that does not weaken 
the main thesis that an occupation which involves 
concentration on the exercise of the fingers can 
often bring a welcome relief to an overburdened 
mind. Even in the relatively peaceful days of the 
pre-war period, it was remarkable to note how 
many clergymen, doctors, lawyers, and other pro- 
fessional men, with no personal engineering back- 
ground, occupied their leisure in the construction of 
engineering models. Others, it is true, sought 
relaxation in less mechanical handicrafts—wood- 
carving, photography, and such pursuits as the 
making of wool rugs and tapestry, and other 
even more esoteric branches of needlework; but, 
taking a wide view, models of ships, engines, and 
other predominantly engineering productions ap- 
peared to exercise the widest appeal. 

This is an interesting tendency, but not easy to 
explain if it is desired to carry the investigation 
down to prime causes; indeed, it is often difficult 
to decide which are causes and which are merely 
effects leading to secondary effects. The urge to 
make something miniature is a very primitive 
manifestation of mental alertness, to be found at all 
times and places, and clearly independent of the 
custom or practice of making essential things ; 
“the poor Indian with untutored mind” is not 
prevented by his lack of tuition from making things, 





| 





apparently, ‘‘for fun,” and spending on them a 
great deal of time which, perhaps, might be em- 
ployed more profitably. This inclination is to be 
found, too, at such comparatively low levels of 
mental capacity that it is hardly to be described, 
even by the most enthusiastic psychologist, as an 
“expression of the ego”’; it seems to be as natural 
as hunger or thirst, and much more spontaneous 
than a liking for soap and water. At a later stage— 
but not so much later—comes the desire to make a 
miniature that is approximately to scale; again, 
not with any utilitarian motive, but purely to 
gratify a sense of personal satisfaction. It may be 
supposed that the wonderfully detailed funerary 
boats of the ancient Egyptians had their origin in 
this way and that their presumed religious signi- 
ficance was a subsequent development. The recog- 
nition of the model as an effective medium of 
instruction would seem to be still more recent and 
has persisted to the present day in spite of compe- 
tition from other educational and instructional 
media. The modern use of models for advertising 
purposes is merely a particular example of this 
application, another instance of which is the con- 
struction of models for purposes of record. Their 
use for experimental investigations of a preliminary 
and exploratory character may be accepted in part 
as yet another instance, though the purist may 
question whether, in such a case, the description of 
“* model ”’ is strictly applicable ; it is usually taken 
to mean @ copy, to a reduced scale, of something 
which actually exists or has existed, rather than the 
mere embodiment of an idea. 

Models and model-making, however, represent a 
field of activity which tends to confound the purist 


.|in words, even though there are rigid lines of 


demarcation in practice between the model that is 
acceptable as a record and that which, admirable 
as it may be in conception and execution, is really 
no more than a testimony to the maker’s knowledge 
and skilful workmanship. No splitter of hairs in 
the matter of verbal definitions can be more adamant 
than the model-maker himself in declining to accept 
as other than an ingenious toy some ‘‘ model ” which 
has no proven prototype; yet no craftsman could 
be more tolerant of imperfect workmanship on the 
part of a fellow devotee of the miniature, whose 
devotion is manifest. To this curious trait, any 
member of a model engineering society will bear 
witness. The “ old hand ” in a photographic society 
is not less helpful when appealed to by the novice, 
but his spontaneous criticism is apt to be much 
more caustic in comparison, or so experience would 
suggest ; a difference—if, in truth, it exists—which 
may arise from the circumstance that the short- 
comings of a model are almost always matters of 
fact, but those of a photograph are often matters of 
opinion. 

However these things may be, there is no denying 
that the intelligent appreciation of models is more 
widespread than it has ever been. There may be 
fewer actual constructors in proportion to the popu- 
lation (though this is debatable) since the modern 
world makes so many more counter-claims upon 
leisure time than there were even 20 years ago, 
but the 21st Model Engineer Exhibition, on which 
the doors of the New Royal Horticultural Hall close 
to-morrow evening, has provided proof enough that 
models make a more powerful and catholic appeal 
to the public at large than almost any other form of 
art, with the exception of music. It has demon- 
strated, too, that even the cramped, blacked-out, 
and often hazardous circumstances of the war years 
have not been wholly without compensations, for 
many of the exceptionally large and varied array of 
models displayed must have been constructed under 
just such conditions—and probably helped greatly 
to make them more tolerable. On the other hand, 
of course, there have been war-time casualties among 
existing models which, as Dr. Johnson said of the 
death of David Garrick, have “impoverished the 
publick stock of harmless pleasure” ; for instance, 
the unique collection at Trinity House, London, and 
Sir Maurice Denny’s superb model of the Cutty 
Sark, exhibited before the war. 

In the present exhibition, probably the most 
striking model is that of the Sprowston windmill, 
constructed by the late Mr. H. O. Clark; it was 
described and illustrated in our issue of February 23, 
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1945, and, as we stated then, “is probably the most 
perfect windmill model in existence.” It is, how- 
ever, only one of a large collection of models which 
have been lent by their owners to enhance the 
interest and value of the Exhibition, and to demon- 
strate the heights of sheer craftsmanship that are 
attainable in model-making. Another, also on loan, 
is the unrigged model of H.M.S. Victory, made by 
Dr. C. N. Longridge, a masterpiece of woodworking 
which is the equal of anything to be seen in the 
National Maritime Museum. In a different cate- 
gory, but equally remarkable as an example of 
patient industry and admirable workmanship, is a 
Congreve clock, in which the pendulum takes the 
form of a tilting plate, crossed by a zigzag con- 
tinuous groove down which rolls a steel ball. At 
the end of its descent, the ball releases a catch, 
the plate tilts in the opposite direction, and the 
cycle repeats This, of course, is not a model in 
the sense of being a reduced-scale copy, but is a 
working timepiece; but it deserves mention as 
being a fascinating piece of mechanism to watch, 
and a superlative specimen of craftsmanship, and (so 
we were informed) the work of a taxi-driver, who 
copied it from another in a clockmaker’s window. 
The influence of the recent times was to be seen in 
an excellent model of a motor fire-escape with 
turntable ladder, a trailer pump, a motor torpedo- 
boat, and various ship models of naval types which 
were unknown before the war; and, of course, in 
the profusion of models of aircraft, which bid fair 
to rival ships and locomotives in popularity. Trac- 
tion engines and steam wagons, however, seem to 
be losing ground; there seems little inclination 
to emulate such monumental works as Mr. E. J. 
Windsor’s well-known model of Sir Hiram Maxim’s 
machine and fitting shop, in the possession of the 
Institution of Mechanical Engineers. Individual 
machine tools, however, were fairly well represented. 

There is scope for a measure of even closer 
co-ordination among model makers than is indi- 
cated by the affiliations of the many local model 
engineering societies with the Society of Model 
and Experimental Engineers, if model making 
is to achieve the maximum of utility to future 
generations as a record of the course of technical 
development. It is natural that a large proportion 
of amateurs in this field should desire to be up-to- 
date in their choice of subject ; but there are many 
types of machines, plant, and mechanisms which, 
before long, will disappear, and the form of which 
can be better preserved by means of accurate models 
than in any other way. The model of Sprowston 
Mill is a notable case in point, and the model woad 
mill which we described in our 148th volume (1939) 
is another. There are many others, some of which, 
perhaps, are hardly recognised yet as vanishing 





types, equally deserving of record—for instance, | 
steam-driven rolling mills, the Willans engine, the | 
farm cart in its many and highly individual forms, | 
the cast-iron bridge, various kinds of water-tube | 
boiler for marine and land use, and the Cornish 
pumping engine. 

The Cornish Engines Preservation Society, a year 
ago, discussed a suggestion that a collection of 
models should be made, to a uniform scale, as a 
record of Cornish mining methods and equipment 
generally ; and, though we believe that their efforts 
in this direction have not made much headway 
recently, the suggestion is one that deserves to be 
kept in mind. It could be extended quite easily | 
and, from the educational point of view, usefully, 
if the model engineering societies all over the country 
could confer together, to draw up a list of models 
which ought to be made for the benefit of posterity 
and to encourage their construction. As a pre- 
liminary, they might consider, perhaps, the desir- 
ability of compiling, with the assistance of the 
Science Museum (which possesses already much of 
the necessary data), a list of models which are 
accepted as accurate representations of actual 
prototypes—or, like the well-known models of early 
marine-engines made by Engineer Commander W. T. 
Barker—as truly typical of their period and class, 
even if not copies of actual engines. A course of 
action which is accepted as worth while in the case of 
Stradivarius violins should be worth considering 
for authenticated true-to-scale models. They are 
not so numerous as might appear at first sight. 








THE CONTROL OF 
QUARRYING. 


In an article dealing with the opening of the 
Manchester Ship Canal, which appeared in the issue 
of January 1, 1894, The Times wrote: ‘“‘ This coun- 
try is, unfortunately, too liable to be completely 
captivated and dominated by a new idea. It is the 
universal mark of defective culture. For generations 
the culture of our leisured classes has been almost 
wholly classical in character and has taken little or 
no account of the forces moulding modern society, 
while those who actually wielded the modern forces 
were kept practically without culture of any kind. 
Hence a want of balance in the national mind, 
which manifests itself in extravagant and transient 
enthusiasms or in grave practical blunders.” The 
immediate implication of these remarks was that 
the concentration of the country’s interest, and 
capital, on the building up of the railway system 
and its neglect of inland-water transport were 
‘‘ grave practical blunders.” It cannot be said that 
the history of the succeeding fifty-two years has 
confirmed this judgment. The reason inland-water 
transport has not developed to any important extent 
is a purely economic one ; it has nothing to do with 
the culture of the leisured or any other class. 

In more modern terms, the protest of The Times 
is a plea for what is now known as “ planning,” 
which means control of industrial and other develop- 


ment by a central authority. The railway system | 


of Great Britain was built up before the passing of 
the Reform Act of 1867, so that public opinion, in 
the modern sense, had little influence. Whether the 
railways would have developed as rapidly as they did 
had they been controlled in detail by a Government 
department is doubtful. As it was, they encountered 
much opposition of the type exhibited by Colonel 
Sibthorpe, M.P. for Lincoln, who “ abominated all 
railways soever,” but Parliament did not refuse to 
sanction the various schemes. Whether this was 
due to culture or its absence, it is impossible to say, 
but it seems highly doubtful if progress would have 
been so rapid had the whole matter been in the hands 
of a committee or a commission. Apart from any 
question of the culture, classical or otherwise, of 
the members of any such body, the unknown impli- 
cations of every decision it would have had tu make 
would necessarily have introduced delay. 

Doubts regarding the possibility of foreseeing 
and effectively directing the industrial future are 
now out of fashion. Matters are no longer con- 
trolled by ‘our leisured classes,” that section of 
the population having gone out of existence, and 
whether those “ wielding the modern forces” are 
“‘ without culture of any kind” it would perhaps 
be indiscreet to discuss. 
those who at the moment control the industrial 
destiny of the country are convinced that it is both 
possible and practicable, by interference and regu- 
lation, to mould the future for the common good. 
This opinion cannot be declared to be untrue. 
The complexity of the structure of modern society 
results in activity by one section affecting others 
more directly than was the case in the simpler 
conditions of the past. In the railway age, those 
who felt their interests threatened by proposed 
developments could express their opposition in 
Parliament. The same procedure is still available, 
and at times proves effective, as was instanced by 
the failure of attempts by private interests further 
to develop the water-power resources of Scotland. 
There are, however, great differences between 
present conditions and those of the past. Parlia- 
ment may discuss the rights and wrongs of a 
proposed new work, but decision has now been 
taken out of its hands, to a large extent, and placed 
in those of a Ministry and its staff. 

It is possible that this development, to a consider- 
able extent, is unavoidable. Parliament is not in 
@ position to discuss the details of every proposed 
public work, and as a matter of practical procedure 
some executive body must be given powers of general 
control. This is clearly illustrated by such a case 
as the locating of a new power station. There is 
general agreement that the unorganised and ill- 
planned extension of towns should not be allowed to 
continue and the Ministry of Town and Country 


What is clear is that | 


Planning must necessarily be interested in the 
relation of a power-station site to the proposed lay. 
out of a town or development area. It is to be 
hoped, however, that this necessity will not be 
regarded as good in itself and that “ extravagant 
and transient enthusiasm ”’ for regulation from above 
may not lead to well-meant, but necessarily un- 
instructed, control of industrial development, which 
may prove hampering and unsound in the long run. 

An example of an industry which has been left to 
itself to a large extent in the past, but which, 
possibly to its surprise, is now subject to regulation 
from outside, is furnished by quarrying. Individual 
developments in this industry have been opposed 
at times by outsiders, particularly by those in- 
terested in the preservation of amenities. A case 
arousing considerable public interest occurred at 
Malvern, but, in general, quarry proprietors wishing 
to open new workings, or extend old ones, have 
bought the necessary land and proceeded with their 
operations with little interference. They have now 
to conform to the requirements of the Town and 
Country Planning Act of 1932. That Act was 
only of local significance, but the Development 
Act of 1943 extended its provisions to the whole 
of the country. During the war, the Government 
did not consider it desirable to attempt to apply 
the Act to the-surface mineral industry generally, 
and in a further Order, promulgated in 1945, it was 
provided that after November 1 of that year the 
Act should be applied only in areas where the 
Minister considered it to be necessary. It has now 
been decided, however, “‘ to establish control of all 
surface mineral-working as soon as possible” and 
an Order has been issued to that effect. 

The matter has been brought to the attention of 
all Local Authorities in England and Wales in a 
circular published in the last few weeks. It may be 
said at the outset that this is an encouraging docu- 
ment which exhibits proper appreciation of the fact 
| that the interests of the industry are of equal import- 
ance to those of the “ planners.” It states that 
“it should be emphasised that the problem is not 
solely that of protecting other users from disturbance 
by quarrying. It is important that quarrying should 
not be prevented through land being used without 
regard to its mineral deposits,” and goes on to say 
that strong reasons would be necessary to justify 
action requiring the closure of an existing quarry 
either now or in the near future. Surface mineral 
workings require permission, and it is recommended 
1943, cannot be prohibited under the Town and 
Country Planning Act, but extensions of such 
workings require permission, and it is recommended 
that quarrying undertakings contemplating such 
extensions should make application for the per- 
mission as soon as possible. It is added that applica- 
tions of this kind ‘* will cause a substantial volume of 
| work in the immediate future, which will diminish 
‘once the extensions of existing undertakings have 
been settled.” 
| The “substantial volume of work” referred to 
| is, presumably, the work which has to be carried out 
| by the Ministry’s officials, and the remark suggests 
that those wishing to open new surface workings 
‘are not likely to get early attention. As a large 
| quarry is a long-term project and some years may 
| elapse between the inauguration of new works and 
| production on an important scale, delay may be 
a serious matter, not only for the quarry under- 
taking, but also for the country generally at a 
time when surface minerals may be in short supply 
and heavy demand. The extensive road-building 
| programme which has been adumbrated may well 
| give rise to such a situation. The circular shows 
appreciation of this point of view and states that 
the Ministry will ‘“‘look specially” into cases 
requiring urgent settlement. There is no reason to 
doubt the bona fides of this promise, but even the 
most conscientious officials can frequently do little 
or nothing to accelerate the movements of the 
complicated organisation of which they form a 
part. Quarrying operations may be carried out with 
no regard to amenities or the interests of outsiders, 
but modern opinion has rightly decided that this 
state of affairs shall not continue. It is to be hoped 
that regulation will not prove to be throttling, and 
that it may be possible to put into practice the 
admirable intentions expressed in the circular. 
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NOTES. 


Tue L.P.T.B, anp THE “CLosED SHop.”’ 


A sITuATION which may have far-reaching conse- 
quences has arisen during the past week in con- 
nection with the decision of the London Passenger 
Transport Board to recognise only one union— 
the Transport and General Workers—as repre- 
senting the employees in their road-service operating 
and maintenance departments, and to insist that 
all such employees should belong to it. Since 1938, 
the personnel concerned have divided their alle- 
giance between two unions, the other being a non- 
political society, the National Passenger Workers’ 
Union, which is not affiliated to the Trades Union 
Congress. At a meeting held on August 26 between 
representatives of the Board and of the general 
executive of the, Transport and General Workers’ 
Union, the Board agreed that, in future, they would 
decline to continue in their service any employee 
who did not belong to that Union ; in other words, 
the L.P.T.B. service becomes a “‘ closed shop ” and 
the members of the other union who are at present 
employees of the Board are faced with the alter- 
natives of resignation from it or dismissal by the 
Board. The L.P.T.B. have never recognised the 
National Passenger Workers’ Union, but hitherto 
they have not actively opposed its operations, and 
they make it clear in a public statement that they 
do so now only because the Transport and General 
Workers, ‘‘ who represent an overwhelming majority 
of the road transport employees of the Board, have 
informed the Board that their members in the 
employ of the Board have decided that they will 
not work with employees in the grades concerned 
who are not members of the Transport and General | 
Workers’ Union.” This decision, it is explained, 
was taken because the divided allegiance of the 
staffs ‘* created difficulties in securing the observance 
of agreements by the recognised .Trade Unions to 
whom the Board have always looked to ensure 
that their members honour and carry out agree- 
ments freely entered into and upon which largely 
depends a regular and efficient service to the public.”’ 
Therefore, the statement continues, *‘ The Board, | 
after careful consideration, have decided that the | 
existing unsatisfactory situation which, by seriously 
hampering the Board in its efforts to provide an 
efficient transport service, is prejudicial to the public 
and must be brought to an end. It is recognised 
by the General Executive Council of the Transport 
and General Workers’ Union that it is essential to 
the fulfilment of the Board’s duties to the public 
that the Board should be able to rely upon the 
observance of collective agreements and the full 
co-operation of the staff. Upon this basis, and on | 
the understanding that an opportunity will be given | 
to all non-members of the Transport and General | 
Workers’ Union to join that Union, the Board have | 








decided,” as stated above, to sacrifice the little | 
union to the big one. As an immediate consequence, | 
notice is given that ‘the present arrangement | 
whereby certain drivers and conductors have been | 
continued on the payroll, although not allowed to | 
work, will cease.” It is understood that there are | 
only 12 of these men, but the National Passenger | 
Workers’ Union claims to have more than 4,000 | 
members in the Board’s service. The Board state | 
that the number is below 2,000, whereas the number 
from the Transport and General Workers’ Union is 
of the order of 30,000. The National Passenger 
Workers’ Union have announced, following the issue 
of the notice to the 12 men, that they are applying | 
to the Courts for an injunction to restrain the Board | 
from giving effect to it, on the ground that the 
matter was not decided by a ballot of the members 
of the Board’s employees or of the Transport 
Workers’ Union, but by direct negotiation between 
the General Executive Council of the Transport 
Workers and the Board. 


Loans To Execrriciry Suppty UNDERTAKINGS. 


The Electricity Commissioners have issued a 
statement, which shows that during the period from 
—_ a pps to March 31, 1946, local authorities 

rrowed sums amounting in the aggregate to 
147,237,1471., for the purposes of their electricity 
supply undertakings. The effect of the war on 





electrical development is shown by the fact that 
during the period 1941-44 only 19,296,836/. was 
sanctioned, while in 1944-45 alone the amount rose 
to 28,337,8181., and was 37,652,3751. in 1945-46. In 
the quarter ended June 30, 1946, it was 8,816,821. 
These figures may be compared with the amount 
of 25,288,803/. in 1938-39, when prices were 
lower. The total amount sanctioned for generation 
purposes in the eight years was 99,749,0091., of 
which 56,822,688/. fell within the 1944-46 period. 
Distribution, including services, accounted for a 
total of 36,497,508/., of which 7,966,448]. was 
sanctioned during the past two years. An item of 
2,909,696/. for “‘ other purposes ”’ during the period 
includes 813,2471. for the purchase of eight under- 
takings, 360,000/. for the acquirement of four ocean- 
going colliers by the Fulham Corporation, and 
180,000/. to the North of Scotland Hydro-Electric 
Board for preliminary and administrative expenses. 
During the year ended March 31, 1946, a sum of 
8,931,7601. was allocated to the North of Scotland 
Hydro-Electric Board for buildings, plant and mains 
under Section 12 (2) of the Hydro-Electric Develop- 
ment (Scotland) Act, 1943. During the period 
1938-46, loans amounting to 20,075,000/. for the 
purposes of the Central Electricity Board were also 
sanctioned. Of this total, 9,700,0001. was granted 
during the year ended March 31, 1943, of which 
7,960,0001. was on account of expenditure on the 
grid system and was incurred substantially before 
the war. Asum of 4,000,000/. in 1941-42 represented 
a loan advanced by the Treasury for war emergency 
extensions, but 2,183,889/. of this will be issued by 
the Board to local authorities. A portion of this 
sum was also utilised for the erection of the Earley 
station, near Reading, which was the first plant of 
its kind to be directly constructed by the Board. 


| An illustrated description of this station appeared 


on page 185 of our 159th volume (1945). Further 
sums, amounting in all to 1,975,0001., were advanced 
in 1942-43 and 1944-45 for the extension of this 
station. 


Om Friroxe oF Brrrish Locomotives. 

In view of the considerable publicity which coal 
production in this country has received, there can 
be no doubt about the seriousness of the position or 
the troubles which will be experienced by public 
services and industry generally during the coming 
winter months. In an article, on page 133, ante, we 
referred to discussions between the Ministry of Fuel 
and Power and the railway companies, and also drew 
attention to the fact that the Great Western Railway 
Company were actively engaged in converting some 
of their freight and passenger locomotives to oil- 
firing, after experiments started over a year ago. 
Little surprise will be caused, therefore, by the 
recent announcement that Mr. Alfred Barnes, M.P., 
Minister of Transport, has now authorised the four 
main-line companies to proceed as quickly as possible 


| with the conversion of a total of 1,200 locomotives | 


from coal to oil-burning, the number of engines to be 
converted by each company being as follows :— 
G.W.R., 172; L.N.E.R., 450; L.M.S., 485; and 
S.R., 110. The locomotives selected for conver- 
sion will be confined to those employed on heavy 
duty and which consume the greatest quantity of 
fuel, and it is estimated that, when the programme is 
completed, conversion will result in the saving of a 
million tons of coal per annum. The adoption of oil- 
burning on this scale involves the provision of three 
main features in equipment, namely, the items re- 
quired for the actual conversion of the locomotives 
and tenders, oil-fuel storage installations and the 
necessary tank wagons for transporting the fuel from 
the ports to the depots. It is understood that no 
difficulty will be found in obtaining the requisite 
number of tank wagons, though they will have to 
be fitted with steam heating coils to keep the oil 
in a fluid state under all conditions, but the tonnage 
of steel plate required for the main storage tanks 
and for the tanks fitted in the engine tenders will 
be considerable, and in this respect assistance is 
being given by the Ministry of Supply. With regard 
to the parts required for locomotive and tender 
conversion, any general standardisation of the major 
portion of this equipment will be impossible, owing 
to the different types of engines concerned, and 
each company will carry out its own work with 
the material supplied. 








Tue Controt oF STREET LIGHTING. 


In a circular which was sent to street lighting 
authorities on Friday, August 23, the Minister of 
Transport asks that special consideration should in 
future be given to securing reasonable uniformity 
in lighting standards; and draws attention to the 
fact that the diversity of illumination adopted on 
adjoining lengths of roads has often in the past 
been a source of danger and inconvenience to road 
users. The Minister also expresses the hope that 
lighting authorities will as soon as practicable do 
their best to adopt the appropriate recommenda- 
tions made in the Report of the Departmental 
Committee on Street Lighting, 1937. In this con- 
nection, it is announced that the Ministry of Trans- 
port has now become the central authority respon- 
sible for street lighting and has taken over the 
allocation of the iron, steel and timber needed for 
this purpose from the Home Secretary. The 
Minister will also in future issue any necessary 
authorisation under Defence Regulation 56a for 
street lighting schemes, except for streets on new 
housing sites or those which are not public high- 
ways. These will still come within the province 
either of the Minister of Health or of the Secretary 
of State for Scotland. Attention is drawn in the 
circular to the fact that, owing to the serious 
coal situation, there is still need for the utmost 
economy in the consumption of fuel for street 
lighting. As a result, during the coming winter 
fuel consumption for this purpose must be restricted 
to less than half that of the pre-war figure, as it 
was voluntarily done last winter. In this con- 
nection, it is suggested that it is preferable that 
fuel should be saved by turning out the street 
lighting at midnight rather than by reducing 
reasonable standards of illumination or turning out 
alternate lamps in a road. Mention is also made of 
the serious shortage of gas mantles, which will 
probably continue for some time. As regards 
procedure, the Minister has arranged with the other 
departments concerned that when a number of 
departments have to take action in a specific case 
one application on the part of the lighting authority 
will be sufficient. 


Tue Late Sm James Biep. 


A memorial service was held on Tuesday, 
August 27, for Sir James Bird, a special director of 
Messrs. Vickers-Armstrongs, Limited, and general 
manager of the Supermarine Aviation Works, who 
died very suddenly from heart failure on August 13, 
at Wickham, Hampshire. Sir James, who was 
63 years of age, was educated at Marlborough and 
was afterwards on the staff of Messrs. Armstrong, 
Whitworth and Company for a number of years 
before setting up in practice as a consulting naval 
architect in 1902. In 1914, he joined the Navy, 
afterwards transferring to the Royal Naval Air 
Service, in which he attained the rank of squadron- 
commander. On his return to civil life in 1918, he 
joined the board of the Supermarine Works and 
eventually acquired a controlling interest in it from 
Mr. H. Scott Paine. It was during his personal 
direction of the company that they competed 
successfully for the International Schneider Trophy. 
In 1928, Mr. Bird, as he then was, disposed of the 
business to Vickers Aviation, Limited, but he con- 
tinued to direct its affairs and was closely concerned 
with the production of the “Spitfire” fighter for 
the Royal Air Force, and the subsequent modifica- 
tion of it, the “Seafire.” Sir James, who was 
knighted in 1945, was a Fellow of the Royal Aero- 
nautical Society and a member of the Council of 
the Society of British Aircraft Constructors. 





SMALL DIESEL ENGINES.—We have received from 
Messrs. Turner Manufacturing Company, Limited, Vil- 
liers-street, Wolverhampton, two technical data sheets 
and several fully descriptive leafiets of the various types 
of heavy-oil internal-combustion engines manufactured 
by the firm. These types include marine propulsion 
Diesel engines ranging from 6 h.p. to 30 h.p., the appro- 
priate data sheet giving full particulars of the different 
vessels for which they are suitable; Diesel engines, of 
from 4 h.p. to 16 h.p., the sheets giving particulars of 
performance, equipment and suitable arrangements for a 
wide range of purposes; complete generating scts and 
auxiliary sets for ship lighting and driving pumps or 
compressors. The leaflets are well illustrated and are 
clear and informative. 
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LETTER TO THE EDITOR. 


THE RAILWAY GAUGE ACT, 1846. 
To THE Eprror OF ENGINEERING. 


Sir,—An interesting aspect of the railway gauge 
controversy which was not mentioned in the article 
on page 160, ante, and which rarely receives the 
recognition it merits for its influence on the adoption 
of the narrow, in preference to the broad, gauge, is 
the disparity between the train resistances of the 
two sizes of rolling stock. More particularly, the 
air resistance of passenger vehicles was the subject 
of many of the questions that appear in the 
‘Minutes of Evidence taken before the Commis- 
sioners appointed to inquire into the Gauge of 
Railways ” and no doubt affected the terms of the 
Act of 1846, although the views of prominent railway 
engineers at the time were widely discordant. 

The twenty years prior to 1846 were a period of 
furious mental, no less than financial, speculation on 
the future of rail transport, and the phenomenal 
increase of speed (up to about 60 miles per hour) in 
some passenger trains led many people to envisage 
speeds of 100 miles per hour in the near future. At 
the same time, while there was no clear understand- 
ing of the physical laws governing air resistance, 
some engineers seem to have appreciated that it 
increased in a rapid ratio relative to train speed, in 
contradistinction to the other components of train 
resistance, which were believed, apparently, to be 
independent of speed or, at most, to increase only 
slightly. Thus, as early as 1825, Charles Maclaren 
observed that “the resistance of the air, which in 
vulgar comprehension passes for nothing, comes to 
be the greatest impediment to the motion of the 
vehicles, and may in some cases absorb five parts in 
six of the whole power.”” Wyndham Harding wrote 
of ‘‘ the formidable resistance from the atmosphere, 
increasing rapidly with velocity,” while Dionysius 
Lardner, F.R.S., who published, in 1838, the results of 
two series of experiments, one of which he made in 
collaboration with the engineer to the Liverpool and 
Manchester Railway Company, formed the conclu- 
tion that “ If it shall appear, as now seems at least 
possible, that in railway traffic conducted at high 
speeds the chief part of the moving power is en- 
grossed by the atmospheric resistance, it will be a 
matter for serious consideration how this resistance 
can be diminished; and it is evident that, ceteris 
paribus, wide frontage and therefore increased gauge, 
is disadvantageous.” Dr. Lardner’s view that air 
resistance increased with the cubical bulk of the 
moving vehicles was evidently shared by Mr. W. 
Fernihough, who stated, in his evidence before the 
Gauge Commissioners, the opinion that ‘“ narrow 
gauge carriages, containing the same number of 
passengers as wide gauge, would move through the 
air with less resistance.” 

At the time of the great gauge controversy there 
was, nevertheless, sharp cleavage of opinion regard- 
ing the importance of air resistance as a factor 
affecting rail transport development. On the one 
hand, were engineers of the standing of Stephenson, 
Locke, Bidder and Scott Russell, who believed that 
high air resistance favoured the narrow, as against 
the broad, gauge, and who considered that the total 
resistance of a 40-ton passenger train amounted to 
about 40 lb. per ton at 60 miles per hour. They 
were supported by the most reliable experimental 
results available, many of which indicated resist- 
ances as high as 50 lb. to 60 lb. per ton. Opposing 
them was a powerful group, including Samuda, 
Gooch and I. K. Brunel, who maintained that 
17 lb. to 18 lb. per ton at 60 miles per hour was 
the correct*figure. In his evidence before the House 
of Commons relative to the projected Newcastle 
and Berwick Railway, Brunel maintained that 
atmospheric resistance at high speed was not nearly 
so great as had been generally assumed. About 
1838, Brunel had some lively discussions with 
Nicholas Wood, disputing that the increase of air 
resistance with speed was anything like so rapid as 
Wood thought it was, but rather spoiling his case 
by proposing to diminish air resistance at high 
speed “‘ by shaping the front of the engine on the 
principle analagous to that of the bow of a boat.” 
Since your recent article in ENGINEERING mentions 








that Brunel was considered to be so entirely pledged 
to the 7-ft. gauge that he could never alter his 
opinion, it is tempting to believe that this opinion 
coloured his outlook on train resistance. If the 
protagonists of the narrow gauge were biased in 
the contrary direction, it is less apparent, and 
their lack of imagination in forecasting the future 
development of railways is more to be deplored. 

In view of the lasting consequences of the stan- 
dardisation of the narrow gauge, it is worth while 
to consider briefly a few of the factors which go 
some way to justify those who, in 1846, exaggerated 
(as events have shown) the future importance of 
air resistance to passenger trains. In the first place, 
the introduction of smooth iron rails in long lengths 
had effected, within the memory of most of those 
concerned, an enormous reduction in the tractive 
resistance of vehicles, as compared with the plates 
or even the short fish-bellied rails that preceded 
them. However premature and false, therefore, it 
was perhaps not unnatural to conclude that mech- 
anical resistance to traction was so small as to be 
practically independent of speed and to present 
no problem. Rolling resistance was, in fact, intrin- 
sically small because a passenger coach weighed only 
about 4 tons. On the other hand, air resistance did, 
and by the more scientifically gifted was believed to, 
increase approximately in proportion to the square 
of the speed, and was additionally increased by the 
natural wind. For many reasons, the intrinsic air 
resistance of the earliest coaches was also high. 
They were short vehicles, bluff-ended, and anything 
but smooth externally. Indeed, Frith’s painting 
entitled “‘ The Railway Station,” exhibited in 1862, 
shows that the practice of carrying passengers’ 
baggage outside on the carriage roof was current 
even at a much later date. Moreover, the low tender 
and wide spacing between coaches afforded little 
shielding of vehicles by those ahead, especially in 
side winds. Compared on the basis of resistance per 
ton weight of train, therefore, air resistance at 
express speed appeared to preponderate enormously 
over other tractive resistance, and there was experi- 
mental justification for those, like Henry Bessemer, 
who held that the atmosphere accounted for over 
80 per cent. of the resistance of a train at 60 miles 
per hour, and for still greater proportions at the 
far higher speeds to which many enthusiasts confi- 
dently looked forward. 

When all necessary allowance is made for imper- 
fect knowledge, inaccurate experiments, and false 
deductions, it remains undoubtedly true that, in 
1846, the air resistance of broad-gauge trains was 
higher than that of narrow-gauge trains, and 
absorbed a significantly greater proportion of engine 
power. Equally certainly these arguments cannot 
have been without influence on the decision to 
standardise the narrow gauge, and the limited 
foresight of those who drew extravagant conclusions 
from them was unfortunate, even though other 
considerations were, no doubt, mainly responsible 
for standardisation on 4 ft. 84 in. 

Incidentaily, what were the “experiences with 
steam locomotives,” mentioned in your article, 
which induced Stephenson to add half an inch to 
his previous 4 ft. 8 in. gauge ? 

Yours faithfully, 
F. C. JOHANSEN. 

Scientific Research Department, 

London Midland and Scottish Railway, 
London-road, Derby. 
August 22, 1946. 





THE CONTROL OF MERCURY.—The Control of Mercury 
(No. 12) Revocation Order, 1946 (S.R. and O., 1946, No. 
1403, price 1d.), which came into force on August 23, 
removes the statutory maximum price control of mercury 
and its derivatives. 

THE INSTITUTION OF CIVIL ENGINEERS.—Awards have 
been made by the Council of the Institution of Civil 
Engineers in respect of papers presented by student 
members at various provincial centres of the Institution 
during the 1945-46 session. Thus the James Forrest 
Medal and a Miller Prize have been awarded to Mr. O. H 
Senogles, B.Sc., for his paper, ‘‘ The Superficial Geolo- 
gical Deposits of the Manchester Area.” Miller Prizes 
have also been awarded to Mr. F. N. Kirby, B.A., Mr. 
J. A. Williams, Mr. Wilfred Eastwood,:B.Eng., Mr. G. S. 
Glendinning, Mr. T. E. H. Williams, B.Sc. (Eng.), Mr. 
R. W. Winkler, Mr. G. F. Clark, and Mr. D. D. Treharne. 








THE DEVELOPMENT OF THE 
INTERNAL-COMBUSTION 
TURBINE. 


AmoneG the many notable war-time achievements 
of British technicians, the development of the 
internal-combustion turbine to an advanced stage 
of practical success in aeronautics is outstanding, 
not only in itself, as making the reciprocating 
aero-engine virtually obsolescent, but in its impli- 
cations, as representing a new form of prime mover 
having enormous possibilities over a wide range of 
industrial applications. In the latter connection, it 
is important to realise that the jet-propulsion motor 
is peculiarly suitable for high-speed aircraft, and 
that alternative lower-speed types, delivering 
power from the turbine rather than from the exhaust 
jet, will undoubtedly command the less specialised 
attention of engineers within the visible future. 
No doubt with some recognition of this point, as 
well as of the great extent of fundamental ground 
common to all gas-turbine technology, and of the 
widespread desire for authoritative information on 
the subject, the Council of the Institution of 
Mechanical Engineers arranged a symposium of 
nine lectures, covering the major aspects of internal- 
combustion turbine development in this country, 
which were delivered during the three days, February 
20 to 22, 1946, and repeated on March 19 to 21, by 
prominent members of the research teams who had 
carried out the work. The printed lectures, collected 
in War Emergency Issue No. 12 of the Institution’s 
Proceedings, have been distributed recently to the 
members, a few additional copies being available for 
general sale.* 

The prospective use of internal-combustion 
turbines for land transport, marine propulsion and 
electric power production, hitherto better appre- 
ciated in Switzerland and America than in Britain, 
is a welcome, though somewhat unexpected, inference 
from Mr. Hayne Constant’s introductory address 
to the conference, inasmuch as the lectures are 
concerned almost exclusively with power plants for 
aircraft. From its inception, in 1936, active and 
practical gas-turbine work in this country has 
followed two main lines, directed respectively to 
the axial and centrifugal types, and it is only since 
the amalgamation into the Government-owned 
company entitled Power Jets (Research and Develop- 
ment), Limited, that prominence has been given 
to the attempt to find general solutions to the basic 
problems of the turbine engine that will be applicable 
to most forms of power plant. In his lecture on 
the early history of the axial type, Mr. Constant 
reveals that the belief that the axial principle 
could give higher efficiency with a smaller frontal 
area and less bulk led to concentration on axial 
types at the Royal Aircraft Establishment, and the 
temporary abandonment of work on centrifugal 
compressors. This—as events have proved—short- 
sighted attitude was probably confirmed at the 
time by the conflicting requirements of mechanical 
and aerodynamic simplicity in any form of gas 
turbine, coupled with the fact that the centrifugal 
compressor is a difficult subject for analytical treat- 
ment. Nevertheless, a gas turbine for propeller 
drive was a legitimate objective in view of the 
types and speeds of aircraft envisaged up to the 
outbreak of war. After that event, accelerated 
progress led to the achievement, by the end of 
1943, of a jet-propulsion engine having a multi- 
stage axial compressor and turbine, and showing a 
thermal efficiency of 22 per cent. 

While admitting that the axial engines produced 
have been inferior to those of centrifugal type, Mr. 
Constant maintains his belief that the former are 
inherently capable of higher efficiency and will 
prove the more satisfactory in the future. Herein 
lies ample justification for two lectures by Mr. A. R. 
Howell, dealing with the fluid dynamics and design 
of axial compressors. The combination of theory 
and empiricism which underlies present design 





*Lectures on the Development of the Internal Combustion 
Turbine. By HAYNE CONSTANT, M.A., and others. 
Proceedings, 1945, vol. 153 (War Emergency Issue 
No. 12). The Institution of Mechanical Engineers, 
Storey’s Gate, London, S.W.1. [Price 7s. 6d. to non- 
members.] 
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procedure is exemplified in Mr. Howell’s considera- 
tion of flow through cascade blade formations at 
speeds up to the sonic, and his instructive discussions 
of the factors which influence the practical arrange- 
ment of the various component parts of the machine. 
As exemplifying these two aspects, particular interest 
attaches to three-dimensional flow experiments 
conducted with high-speed and low-speed cascade 
wind tunnels, and to the contrast between the 
drum and the disc-wheel types of construction for 
multi-stage compressors. 

The design and development of the other type 
of aircraft power plant, characterised by a centri- 
fugal compressor, is surveyed in a lecture by Mr. 
L. J. Cheshire, in which attention is drawn to the 
relative simplicity of the jet-propulsion engine and 
to the fact that this system is less dependent on 
compressor efficiency than gas turbines which 
generate external shaft power. His examination 
of the aerodynamic and mechanical problems 
suggests that the centrifugal compressor is not a 
convenient subject for analytical treatment because 
the flow pattern of the air gets out of control imme- 
diately after entering the machine, and that, there- 
fore, it owes its spectacular success very largely to 
ad hoc testing. Perhaps for this very reason, Mr. 
Cheshire’s consideration of compressible-flow theory, 
applied to a typical Whittle compressor, gains in 
value and interest. 

The remaining lectures deal with aspects of gas- 
turbine design and research that are common both 
to axial and centrifugal compressor types. If, in 
some respects, the latter predominates as regards 
the examples and underlying data, it is because the 
practical development of the single-stage centrifugal 
compressor has outdistanced that of the other. As 
regards the turbine part of the engine, Mr. J. 
Reeman shows that the available experimental data 
are much less comprehensive than those for com- 
pressors ; which may account for many similarities 
in the principles of design embodied in German and 
British practice. A feature of British aerodynamic 
design is its basis on the concept of vortex flow from 
the nozzles, in which connection the results of 
experiments upon a ring of nozzles in an annular- 
vortex wind tunnel are shown to have been helpful. 
The use of hollow air-cooled turbine blades and 
nozzles in German ‘‘ Jumo ” engines is considered to 
have impaired their efficiency. 

Brief references, in Mr. Reeman’s study of the 
turbine for the simple jet-propulsion engine, to the 
materials used for nozzles, blades and turbine discs 
are amplified, and extended in scope to cover the 
compressor, combustion chamber and casing, by 
Dr. T. A. Taylor. His lecture reviews the problems 
encountered since 1939 in the development of metal- 
lic materials, and is full of information on the 
strength and heat-resisting properties of many new 
alloys that have given relatively successful results. 
Very obviously, however, the ideal range of materials 
is still a matter for further research, and readers 
whose interests lie especially in the metallurgical 
aspects of the internal-combustion turbine will value 
Dr. Taylor’s views on the trend of future require- 
ments in respect both of manufacturing and per- 
formance qualities. 

Apart from the limitation of useful life, materials 
seem to have played a secondary part in the develop- 
ment of the combustion chamber, and Mr. P. Lloyd’s 
lecture on combustion emphasises rather the attain- 
ment of highly efficient and stable combustion over a 
wide range of air/fuel ratios and rates of fuel flow, 
than the successful results achieved by construction 
simply from light-gauge sheet metal. The problem 
is treated here mainly from the physico-chemical 
standpoint, with general reference to any type of 
internal-combustion turbine; and, while it is true 
that many important details, such as the superiority 
of spray atomisation over vaporisation as a pre- 
combustion preparation of liquid fuel, or the most 
satisfactory devices for flame stabilisation, have 
been established experimentally, Mr. Lloyd refers 
to substantial recent advances in the quantitative 
measurement and analysis of the combustion of fuels 
which underlie existing theory and will contribute 
- future developments with heavy liquid and solid 

els, 


The great practical importance of blade vibration 


centrifugal or axial compressor forms of aircraft 
gas turbine is apparent from Mr. R. G. Voysey’s 
lecture on this subject, although his illustrations of 
vibration-fatigue fractures and of vibration-testing 
technique are drawn mainly from his experiences 
with the Whittle centrifugal impeller. He also 
discusses, however, the special problems of turbine- 
blade vibrations and deals instructively with the 
incidental adaptation of frequency analysis for the 
detection of incipient flaws. The choice of material 
for blading affects the vibration problem from the 
standpoint of internal damping capacity, and Mr. 
Voysey’s emphasis on the value of this property 
for diminishing resonance peaks provides a directive 
to future research, notwithstanding the unsuccessful 
results obtained with plastic blades of high damping 
capacity, which probably failed owing to exceptional 
aerodynamic conditions when tried experimentally 
in the colder regions of an axial compressor. 

Details of the apparatus and procedure employed 
in stationary tests of centrifugal-compressor engines 
are the subject of a lecture of absorbing interest to 
experimental engineers. The author, Mr. D. N. 
Walker, deals comprehensively with the progress 
achieved in this essential aspect of gas-turbine 
development from the original, relatively crude, 
methods employed mainly to inspire faith in, and 
encourage financial support for, the earliest Whittle 
engine, up to the more refined and elaborate arrange- 
ments now available for more general test work. 
Not the least stimulating feature of the author’s 
account of performance tests on complete engines 
lies in the use or adaptation of simple, usually 
familiar, appliances for extreme conditions beyond 
the range of ordinary: mechanical engineering 
practice ; while his references to tests upon indivi- 
dual components, and to what is known as foreign, 
especially German, testing practice, are critically 
informative. 

It is hardly necessary to point out that, despite 
their considerable scope, this series of lectures by 
no means covers all the basic knowledge, theoretical 
and empirical, that is now well established relative 
to the internal-combustion turbine. In particular, 
a great deal of work has been accomplished as 
regards calculating the performance of various 
arrangements of turbine engines. On the other 
hand, much remains to be done before part-load 
performances and non-steady running characteristics 
can be pre-determined for the more complicated 
arrangements of the essential components. The 
present position appears to be that compressors of 
8:1 pressure ratio, with overall efficiencies of 
85 per cent., and turbines having over 91 per cent. 
overall efficiencies, can be constructed, while 
temperatures approaching 2,000 deg. F. and thermal 
efficiencies around 30 per cent. are in sight. The 
future of the internal-combustion turbine is thereby 
assured, and the many engineers who must, conse- 
quently, acquire sound knowledge of its principles 
and practice will hardly find a better or more ins- 
piring introduction to the subject than is comprised 
within these lectures. 





THE ASLIB CONFERENCE.—The twenty-first Aslib con- 
ference will be held in the Fyvie Hall of the Polytechnic, 
Regent-street, London, W.1, during the weekend, Sep- 
tember 13 to 15. The annual general meeting will be 
held at 6 p.m. on September 13, being preceded by an 
informal conversazione at 4 p.m. The general proceed- 
ings will begin at 10.30 a.m. on September 14, when Sir 
Reginald Stradling, C.B., M.C., M.Inst.C.E., will deliver 
his presidential address, which will deal with special 
libraries in research organisations. This will be followed, 
at 11.45 a.m., by a paper on the preparation and coverage 
of select bibliographies, p: ted by Mr. A. D. Roberts. 
In the afternoon, at 2.30 p.m., two papers dealing with 
information services in relation to industry will be pre- 
sented by Sir Arthur Fleming, in conjunction with Miss 
B. M. Dent, and by Professor R.S. Hutton. At 5.30 p.m., 
Dr. L. J. Comrie, of the Scientific Computing Service, will 
read a paper on machines and tables. On September 15, 
@ symposium covering a number of communications and 
dealing with ‘‘Some Aspects of Documentation in 
Europe ” will open at 10.30 a.m. At 2.30 p.m., a discus- 
sion on technical dictionaries and glossaries will be held, 
to be followed by a paper on the setting up of a film 
library. The inclusive fee for the conference, including 
lunches and teas, is 11. 10s. for members of Aslib and 21, 
for non-members. Further particulars may be obtained 








relative to the endurance in service of either the 





CRACKING IN SERVICE OF 0-5 PER 
CENT. MOLYBDENUM-STEEL 
STEAM PIPING.* 


Cases have arisen during the past two years of 
cracking in service of 0-5 per cent. molybdenum-steel 
steam piping, and the matter has become the subject 
of an investigation by Sub-Committee J/E of the 
British Electrical and Allied Industries Research 
Association. The Committee hope that their inquiry 
will lead as early as possible to a clear identification 
of the major factor or factors responsible for the 
cracking experienced, and that, so far as material may 
be concerned, suitable tests may be found which 
would enable material with a susceptibility to cracking 
to be excluded from service. A survey of the cases 
of cracking has shown that there is room for improve- 
ments, and that attention to a number of factors is 
needed to reduce the risks in practice. Pending the 
results of further investigation, the committee would 
recommend to all concerned with the manufacture and 
use of steam piping for high temperatures that attention 
be given to the following measures, the observance of 
which would, in their opinion, considerably reduce 
the risk of cracking. These measures would be 
generally advisable in the cases of all alloy-steel piping 
in steam power plant for high-temperature service. 

The Committee are not justified at this stage in 
making any definite recommendations on steel com- 
position in the absence of a clear identification of the 
factors responsible for the cracking experience and of 
an evaluation of these factors. It is recognised, however, 
that industry is obliged to make decisions now on the 
composition of steel to be used for new power stations 
and for replacements, and it is considered that those 
responsible for steel selection should be guided by 
their own experience, coupled with data relevant to 
their own particular service conditions. It is consi- 
dered desirable that the nickel and copper contents 
of the steel should be kept as low as possible, so as to 
help the pipe makers and fabricators to minimise 
the rooting of scale. The Committee recommend, as 
precautionary measures, that a chemically inactive 
material should be used in contact with the pipes in 
service. 

All piping on which welding has been done in fixing 
on flanges or other parts should be given a final stress- 
relief treatment, involving heating to 600-620 deg. C., 
and soaked long enough for the heaviest section to 
attain this temperature uniformly, followed by slow 
cooling to 450 deg. C., from which temperature cooling- 
off may take place in still air. All bends and corru- 
gated pipes, after fabrication, should be normalised 
and then relieved of stress by heating to 600 to 620 deg. 
C., and soaked long enough for the heaviest section 
to attain this temperature uniformly, followed by slow 
cooling to 450 deg. C., from which temperature cooling- 
off may take place in still air. Particular care must 
be taken to ensure that no surface damage by hammer- 
ing or other causes, which would create local residual 
stress, shall occur after thermal treatment to relieve 
stress has been applied. Hammering when a part is 
under hydraulic test should not be allowed. 

It is highly important that pipes should have smooth 
and undamaged surfaces. Grooves, fissures, indenta- 
tions, hammer marks and other irregularities, which 
would cause stress concentration, should be prevented 
or removed. Pipes which are to be corrugated should 
present smooth and undamaged surfaces for the 
operation. Particular care should be taken, in forming 
corrugations, to avoid sharp radii and sharp changes in 
surface contour, especially at the external valleys. 
Notch effects at fillet welds between flange and pipe, 
and in other similar cases, should be avoided or elimi- 
nated by machining smooth or grinding. 

Working stress at operating temperature should 
be minimised wherever practicable, by making the 
thermal expansion stresses small or negligible. Accord- 
ingly, the “cold pull up” should approach or equal 
the full thermal expansion, and the piping system 
should, where feasible, be designed upon this basis. 
(Note.—The circumferential bending stress at bends, 
i.e., Karman stress, which can make an important 
addition to the circumferential stress due to steam 
pressure, is proportional to the thermal expansion 
loading.) Peaks of high temperature are detrimental 
in their action in that, while operating, they increase 
thermal expansion stresses and also reduce the factor 
of safety against cracking. Every effort should be 
made, therefore, to prevent excessive and variable 
temperatures. Frequent going off and on load, as in 
“ two-shift ” working, involves more severe conditions 
than continuous or “ three-shift” working. Where 
frequent starting and stopping is unavoidable, steps 
should be taken to ensure a low rate of heating up of 
the steam-piping system. 








* Technical Report J/T 141. The British and Allied 
Industries Research Association, 14, Savoy-street, Lon- 





from Aslib, 52, Bloomsbury-street, London, W.C.1. 
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WATER AND ELECTRICITY 
SUPPLIES ON FARMS. 


Durine the period 1941-43, the work of the County 
War Agricultural Executive Committees embraced 
every important aspect of farm organisation and prac- 
tice. It was therefore necessary for them to assess 
both the needs and capacity of each farm for increased 
food production, and the capabilities of each farmer 
to carry through his part of the national food pro- 
duction plan. In consequence, an extended survey 
was undertaken with the object, inter alia, of forming a 
permanent and comprehensive record of the conditions 
on the farms in England and Wales and of providing 
data which would be useful as a basis for post-war 
administration and planning and for the foundation 
of a post-war policy. The results of this survey are 
given in National Farm Survey of England and Wales : 
A Summary Report, which was published by H.M. 
Stationery Office on Friday, August 23, at a price of 
2s. Though the greater part of the contents of this 
document are not of direct interest to engineers this 
does not apply to the portions relating to water and 
electricity supplies, which are reproduced, in abridged 
form, below. 

Water has such a variety of farm uses and the sources 
of supply are so diverse that it has not been possible to 
cover the whole ground by a general inquiry. The 
information obtained by the present survey, therefore, 
concerns the “ source” of the supply—whether pipe, 
well, roof, stream, spring or pond—to the farmhouse, 
farm buildings and fields. This matter is rounded 
off by a general question whether the holding does or 
does not suffer from a seasonal shortage of water. 
Pipe supply is defined as a supply from the public mains, 
and where any private pipe supplies do not reach the 
standard of public mains they are classified according 
to source of the supply : well, stream, etc. 

There are 290,600 farm holdings in England and 
Wales with areas of five acres and above, of which 89 
per cent. have farmhouses and 93 per cent. have farm 
buildings. Forty-seven per cent. of the holdings with 
farmhouses have a pipe supply to the farmhouse 
(which, in most cases, is a public mains supply), while a 
further 45 per cent. rely on a well as their principal 
source of supply. There remain about 22,000 holdings, 
or rather more than 8 per cent. of the total, either with 
a chief source of supply which by any reasonable stan- 
dard must be regarded as unsatisfactory or with no 
water supply to the farmhouse at all. The latter 
amounting to rather more than | per cent. of the total, 
are obliged to obtain their water off the farm premises. 
The proportion of holdings with buildings with a pipe 
supply to the buildings is not quite 37 per cent. About 
42,000 holdings, or 15-5 per cent. of the total, have no 
supply of any kind. These are mainly small holdings. 
On holdings where the farm buildings are in close 
proximity to the farmhouse there may be a common 
source of supply. The most usual form of supply to 
fields is a stream or river, about 42 per cent. of the 
holdings relying entirely on this source, while a further 
11 per cent. rely on ponds. Nearly 16 per cent. of the 
holdings have a pipe supply to one or more fields. 
Practically nine holdings out of ten have some source 
of supply to one or more fields. 

Generally, there is a distinct tendency for the pro- 
portion of holdings with a pipe supply to increase with 
size. This tendency is apparent in all counties, irre- 
spective of their general level of supply. As might 





proportion of holdings with a pipe supply. Generally, 
counties with a high proportion of holdings with a pipe 
supply to farmhouses and buildings also show a rela- 
tively high figure of pipe supply to fields. 

About 55,000 holdings—or one in every five—are 
subject to a seasonal shortage of water, which probably 
means as a general rule that they suffer from a fairly 
serious shortage for some period of the year in their 
chief source of supply. These holdings, for the most 
part, are not concentrated in any one part of the coun- 
try. The area most nearly approaching a black spot is, 
strangely enough, Wales, the region of highest rainfall. 
All the Welsh counties, except Flint, show figures of 
seasonal shortage well above the average, but for the 
rest any strong regional influence seems to be almost 
completely absent, except for three of the “ suburban ” 
counties of London—Surrey, Hertfordshire and Essex 
—which, with Lancashire, the Isle of Wight, East 
Riding, Cheshire and West Suffolk, suffer least, under 
10 per cent. of the holdings in each case being subject 
to a seasonal shortage. Broadly, the western counties 
(with the higher rainfall) appear to be subject to a 
higher degree of seasonal shortage than the eastern 
counties. The explanation may be, in part, that hold- 
ings in the west rely much more on surface water from 
streams and shallow wells than do holdings in the east ; 
and in part to the greater water requirements, particu- 
larly in summer, in the more heavily stocked areas in 
the west. 

Turning to the position of electricity it is stated in 
the report that about 78,000 holdings in England and 
Wales, or 27 per cent. of the total number of holdings 
of five acres and over, have a supply. Practically all 
these holdings are connected to the public mains, only 
about one in ten having a private plant. The proxi- 
mity of urban supply is clearly an overwhelming influ- 
ence in determining the proportion of holdings which 
use electricity at the present time. The proportion 
is highest in the Home Counties—over 50 per cent. of 
the holdings in Surrey, Hertfordshire and Middlesex 
being connected—but it is almost equally high, or 
certainly well above the average, in a belt of counties 
running from the south-east in a north-westerly direc- 
tion through the Midlands up to and including Lanca- 
shire. All these counties contain large towns or are 
adjacent to large urban populations. On the other 
hand, the essentially rural counties in Wales, in East 
Anglia and in the south-west and extreme north of 
England show, almost without exception, a proportion 
which is well below the average. An interesting, though 
not unexpected, feature is that private supply is of 
relative importance only in certain of the most inacces- 
sible counties—for example, the Welsh counties of 
Anglesey, Cardigan, Caernarvon, Montgomery and 
Merioneth and the adjacent county of Hereford—where 
the number of holdings with public supplies is very 
low. 

There is a fairly pronounced relationship between 
electricity supply and the size of the holding. For 
instance, 59 per cent. of the holdings of 700 acres and 
over have a supply, while the proportion for holdings 
between 100 and 300 acres is 30 per cent. A slightly 
higher proportion of holdings with areas between five 
and 25 acres have a supply than have those of between 
25 and 100 acres (25 per cent. as against 24 per cent.). 
The main reason for this is probably the fact that the 
smaller holdings tend to be located near towns and 
connection is therefore easier and less costly. This is 
borne out by the figures for public and private supply 


be expected, however, it is much less marked in the | by size of holding groups. While the proportion of 


ease of supplies to farmhouses than to farm buildings 
and fields. This is a reflection of the fact that pipe 
supplies to farmhouses is. much more common, the 
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holdings with private plant rises from 2 per cent. to 
16 per cent. as the size of the holding increases, the 
proportion with a public supply only rises from 23 to 43 


farmhouse being given priority over farm buildings | per cent., showing that the larger holdings, being less 


and fields. 
groups, particularly in the case of farm buildings and 
fields, rely much more extensively on the less desirable 
sources of supply and a far higher proportion of these 
holdings have no supply at all. 

The factors determining the type of supply on a 
particular holding are varied, complex and often of 
very local character; and it has not been possible to 
examine in detail the reasons for the wide county 
differences. It is worth noting, however, that Middle- 
sex, Surrey, Hertfordshire, Kent and Berkshire are 
among the counties with the highest en poe of 
holdings with a pipe supply to farmhouse and buildings, 
the reason undoubtedly being their close proximity to 
London. A group of counties in the north and north- 
west, however, comprising Cumberland, Durham, 
Northumberland, Westmorland, Lancashire, Cheshire, 
the West Riding, and Nottingham, also have a high 
ey sagen of holdings with pipe supply; as, too, do 
a few other counties—Holland, the Soke of Peter- 
borough, Somerset, Dorset and the Isle of Wight. 
It is not, therefore, always the essentially rural counties 
which are deficient in pipe supplies, although this is 
generally true of the majority of Welsh counties and 
of Devonshire, Cornwall, Rutland, Shropshire and 
Lindsey, and especially true of Norfolk and East and 
West Suffolk, which, with Anglesey, show the lowest 








Conversely, holdings in the smaller size | accessible to centres of supply, have to rely relatively 


more on private supplies. 

Figures show that about 53-6 per cent. of the bold- 
ings are connected for light only, indicating that the 
majority of occupiers obtain a supply to add to the 
amenities of their farmhouses, rather than to provide a 
source of light and power for farm uses. In nearly 
all regions well over half the holdings with electricity 
use it in the farmhouse only, while the number using it 
for farming purposes only is everywhere negligible. It 
is greatest in the eastern and south-eastern regions, 
where the larger arable holdings provide more scope 
for the application of electric power to farm machinery. 

The data given in the report suggest that the type of 
farming is not at present a particularly important factor 
in deciding whether a particular holding is connected or 
not. In fact, the connection of a particular holding, 
whatever the type, depends very largely on the avail- 
ability of supply, though there is some evidence to 
suggest that the number of cows, reflecting the import- 
ance of dairying, has some effect. The figures, how- 
ever, do not provide conclusive evidence, because of 
the strong direct relationship between size of herd and 
size of holding. Nevertheless, the effect of size of 
herd on the supply of electricity for a given size 
group is as pronounced as for all size groups taken 
together. 


NOTES ON NEW BOOKS. 


Examples in Engineering Drawing. Vol. II. By ¥. 
Bryns, A.M.I.Mech.E. Published for English Unj. 
versities Press, Limited, by Hodder and Stoughton 
Limited, Little Paul’s House, Warwick-square, 
London, E.C.4. [Price 6s. net.} 

Tis work is part of the “Technical College Series,” 
and is a useful contribution to technical literature of 
the educational sort, for which there is now so great 
a demand. The first volume provided a set of drawi 
examples suitable for the homework of students of 
first-year senior standard and was reviewed on page 438 
of our 159th volume (1945). The present book follows 
the same lines and is intended for students taking the 
second-year course. There are 52 drawing examples 
given and, as in vol. I, each is illustrated by an isometric 
view, the student being required to reproduce the 
drawings in orthographic projection. The importance 
of adequate and legible dimensioning has been kept in 
mind throughout. A paragraph deals briefly with limits 
and fits, and a reference is given to the British Standard 
Specification for further information. The degree of 
finish required on machined surfaces is a difficult subject 
to explain to a student of limited workshop experience, 
but a brief explanation is given of the best-known 
methods used to indicate the grade of finish needed, 
and again the appropriate B.S. Specification is recom- 
mended. Some consideration is given to the con- 
struction of the commoner curves of intersection, and 
cases are mentioned in which an approximate curve 
will usually suffice. Spur gearing is briefly dealt with 
and rules are given for the proportions of standard 
teeth, while the usual methods of drawing the approxi- 
mate shape of gear teeth are illustrated. The drawing 
examples given are mostly taken from ordinary machine 
and engine work. Some are of single components, 
but most are of assemblies, and the standard of com- 
plexity is progressively increased. It is pleasing to 
note the inclusion of a number of examples dealing 
with structural steelwork, for in the past the teaching 
of this subject has been much neglected in ordinary 
engineering-drawing courses. 





Wood Patternmaking. By Hervert J. MoCastiy. 
Fourth edition. The McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York, 


N.Y., U.S.A. [Price 2.60 dols.]; The McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
London, W.C.2. [Price 13s.] 


Tuis revised edition of this well-known American text- 





book, first published in 1923, forms a very complete 
manual of instruction in patternmaking for the student 
| or beginner. A good feature is the inelusion of moulding 
instruction and diagrams, side by side with details of 
the construction of the pattern. The methods described 
differ very little from the common practice in this 
country, excepting that the author assumes a high 
degree of mechanisation, common in the United States, 
but found in few pattern shops here. The instruction 
occurs frequently, to finish parts by sawing to the line 
and sandpapering ; this would be good practice where 
disc and bobbin sanders could be used, but it does 
not lead to accuracy of finish in the case of bevel-gear 
teeth, etc., except for a more or less rough “ one-off ” 
job. The author realises this when he specifies ideal 
conditions—“ a true running, evenly set, and narrow 
saw blade, plus a steady hand.” In actual practice, 
the patternmaker must use whatever machine is avail- 
able and arrange the method accordingly. Jigs are a 
feature much in evidence in the book, for holding the 
work to enable it to be machined to a line. The usual 
British procedure is to cut close to the line and finish 
with hand tools where only one or two similar parts 
are required. The large amount of hand work still 
done here is, in the main, the chief difference in practice 
between British and American methods. Mr. McCaslin 
makes no mention of loam boards ; a branch of pattern- 
making in which some of the young men do not get 
much experience, but an economical method of pro- 
ducing large pipes, rings, pans, etc. Altogether, this is 
a sound text-book. The glossary of technical terms and 
the index are complete and useful. 





STATISTICS OF CANADIAN MANUFACTURED GOODS.— 
Statistics of comparative figures of production in Canada 
indicate that some industries are more active now than 
they were in 1945, while, in others, a falling off in activity 
has to be recorded. Thus, while the production of steel 
ingots in May, 1945, was 254,629 short tons (of 2,000 1b.), 
that for May, 1946, declined to 251,697 tons. On the 
other hand, whereas the number of motor cars manu- 
factured in May, 1945, was 15,045, the figure for May, 
1946, was 20,022. Again, the production of newsprint 
paper in May, 1945, was 264,464 tons, and that for 
May, 1946, 359,943 tons. Moreover, exports of this last 
commodity totalled 367,251 tons in May, 1946, compared 





with 264,767 tons in May, 1945. 
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TAP-GRINDING ATTACHMENT. 


MESSRS. SPEED TOOLS, LIMITED, LONDON. 





TAP-GRINDING ATTACHMENT. 


Tue device shown in the illustration above, known 
as the ‘‘ Speetol”’ tap-grinding attachment, has been 
developed by Messrs. Speed Tools, Limited, 35-36, 
Percy-street, London, W.1, in order to enable worn 
and broken taps to be reground on any bench or 
pedestal grinding machine, so that tap recovery does 
not involve the employment of a special machine. 
The attachment is set up by bolting a baseplate to 
the normal rest of the grinding wheel, correct setting 
being determined by a right-angled notch in one corner 
of the baseplate, the faces of the notch being kept as 
close to the side and edge of the wheel as possible and 
the hole for the securing set screw being initially 
drilled to suit the wheel rest, so that the attachment 
can be fitted and removed as required without further 
adjustment The problem involved in tap re-grinding 
is to set the tap so that it makes the correct angular 
contact with the face of the wheel, the axis of taper 
tap making a smaller angle with the face than does that 
of a second tap, while the plug tap, since it has only 
an end chamfer, has a still greater angle. This problem 
is solved in a simple way by securing that part of the 
attachment holding the tap to the baseplate in one 
of three different positions, according to the kind of 
tap being ground. The tap is held in a chuck mounted 
on a spindle passing through a bracket attached to the 
baseplate, the outer edge of the plate being of quad- 
rantal contour and having three locating notches 
which determine the correct angular positions of the 
bracket in the horizontal plane. It will be apparent 
that a taper tap is being ground in the illustration and 
that the bracket would be moved to the notch in the 
foreground when a plug tap was being chamfered, while 
the middle notch is for use for a second tap, which has 
usually only three or four of the end threads tapered. 

It may be mentioned at this point that the attach- 
ment is intended for use with comparatively small 
taps only, these taps being normally more easily broken 
or worn down. It can deal with all sizes of Whit- 
worth-form taps up to } in. in diameter, and British 
Association sizes from 0 to 10, with either right-hand 
or left-hand threads and with either three flutes or 
four. Correct radial relief is given to the lands. The 
bracket is pivoted on a pin passing through the base- 
plate at some distance from the quadrantal edge of the 
latter and can be swung on the pin by means of the 
horizontal lever seen in the lower part of the illustra- 
tion, the lever actuating an eccentrically-mounted pin 
screwed into the bracket and passing through the base- 
plate notch. The small displacement given to the 
bracket assembly enables the tap being ground to be 
put into contact with the grinding wheel or moved away 
from it at will. The bracket carries the chuck spindle 
in a long bearing near its centre while a stiff overarm 
supports the shank of the tap in a hardened-steel bush. 
To cover the most commonly used sizes of tap, there are 
18 of these bushes provided in the carrying case in 
which the attachment is stowed when not in use. The 
bore in each case is finished to the top limits of Pratt 
and Whitney tap-manufacturing tolerances, the outer 
diameter being uniform so that all the bushes are 
interchangeable in the overarm. 








The shank spindle is, of course, capable of both 
rotation and axial traverse in the main bracket, manipu- 
lation of both motions being effected by a knurled 
knob at the outer end. The collar on the spindle to 
the right of the knob is the indexing device. There 
are three radiating pins at one end for three-fluted 
taps and four similar pins at the other for four-fluted 
taps. A knurled set screw is provided for locking 
the collar in position to agree with the angular position 
of the flutes. To the right of the collar is a bracket 
mounted on a spigot of the main bracket and carrying 
a quadrantal plate graduated at its outer edge. An 
arm, the outer part of which functio=s as a cam 
and the pointer moving over the graduated scale, is 
pivoted on the bracket-locking pin, so that both the 
bracket and the plate can be clamped in position 
when setting the tap for grinding. In order to make 
clear the procedure followed, one cycle of grinding a 
tap will be briefly outlined. The spindle is pulled 
back so that the tap can be inserted in the chuck and 
clear of the wheel. The collar is threaded on to the 
spindle in accordance with the number of flutes in the 
tap to be ground; in the case illustrated it is in 
the three-flute indexing position. The spindle is then 
turned clockwise until one of the pins makes contact 
with the straight edge of the camplate, which is the edge 
parallel to the axis. The whole camplate assembly 
is then rotated on the spindle in order to secure coinci- 
dence of the first flute with the first indexing pin. 
The complete unit camplate, spindle, chuck and tap 
is then turned clockwise until it is observed that the 
trailing edge of the tap land is just clear of the wheel 
in a position where the wheel will commence to grind 
on the cutting edge of the tap The camplate is then 
swivelled on its clamping pin until the pointer rests 
on the particular graduation which will give the degree 
of radial relief appropriate to the material to be tapped. 
The scale has a zero mark, with graduations on one 
side for right-hand taps and on the other for left-hand 
taps The camplate is then clamped and the spindle 
drawn back so that the tap is clear of the wheel, which 
is then started up. The spindle is then advanced 
with a clockwise rotary movement until the particular 
indexing pin concerned makes contact with the cam- 
plate edge, and the tap is brought into contact with the 
wheel by movement of the eccentric lever. The spindle 
is then reciprocated with a light movement and rotated 
so as to keep the pin in contact with the contour of the 
cam pointer which effects the grinding, with the desired 
relief on the first flute. Withdrawal of the spindle 
follows, and the operation is repeated for the other 
flutes. Once the attachment is correctly set for a 
specific size of tap, other taps of the same size do not 
require separate setting of the camplate, etc. The 
direction of rotation for a left-hand tap is counter- 
clockwise, and the other side of the camplate is 


used. 





ORDNANCE Factory AT HAYES, MIDDLESEX.—The 
Minister of Supply intends to cease production work 
at the Royal Ordnance Factory at Hayes, Middlesex, as 
from October 31, when the premises will be used for 
storage. 





ELECTRICAL RESISTANCE ALLOY. 


A new electrical resistance alloy is being marketed, 
under the name of ‘‘ Kumanal,” by the Metals Division 
of Messrs. Imperial Chemical Industries, Limited, 
Kynoch Works, Witton, Birmingham, 6. Kumanal 
has a copper base and the relatively high specific resist- 
ance of 41 microhms per square centimetre per centi- 
metre length. Its temperature coefficient is given as 
— 0-0039 per deg. C. between 20 deg. and 200 deg. 
C. and as + 0-0039 per deg. C. between 200 deg. 
and 350 deg. C. The net temperature coefficient in 
the 20-350 deg. C. range may, therefore, be said to be 
practically zero. The thermal e.m.f. between Kumanal 
and copper is 1 microvolt per deg. C. As regards the 
physical properties of this alloy, it is stated that the 
melting point is 950 deg. C. and the specific gravity 
8-196 grammes per cubic centimetre. The specific 
heat is 0-096 calorie per gramme and the coefficient 
of linear expansion 0-0000175 per deg. C. within the 
20-350 deg. C. range. The thermal conductivity at 
20 deg. C. is 0-087 calorie per square centimetre per 
centimetre per deg. C. per second. The tensile strength 
of the annealed wire is 28 to 30 tons per square inch, 
with an elongation of 25 to 30 per cent. on 2in. The 
wire in the hard-drawn condition (50 per cent. reduction 
in the cross-sectional area) has a tensile strength of 
44 tons per square inch and an elongation of 10 per 
cent. on 2 in. 

We understand that the alloy is being manufactured 
to meet the requirements of British Standard Speci- 
fication No. 115 and that it satisfies the one month’s 
heating test at 350 deg., which is laid down in Clause 7 
of that specification for Class C material. It is also 
said to show no appreciable change in resistivity when 
subjected for a fortnight to a heating and cooling cycle 
of one hour at room temperature followed by three 
hours at 400 deg. C. The results of these tests indicate 
that the alloy is metallurgically stable and that the 
oxide skin formed on heating prevents any continued 
deterioration on the surface of the wire. 

The corrosion resistance of Kumanal has been ascer- 
tained by exposing it to various forms of accelerated 
tests, such as continuous salt spray, continuous immer- 
sion in aerated circulating sea water, and air jet 
impingement in sea water. As a result, the resistance 
was found to be considerably better than that of 
copper, but not quite so good as cupro-nickel. There 
is, it is pointed out, no marked tendency to pit even 
under the most severe conditions, while the possibility 
of a local reduction in cross-sectional area due to 
normal corrosion alone appears to be negligible. 

Owing to the fact that it can be used safely either 
continuously or intermittently at temperatures up 
to 350 deg. and that the variation in its resistance 
up to that temperature is negligible, Kumanal is 
particularly recommended for use in such apparatus 
as voltage regulators, switchgear controllers and 
instrument shunts. It can also be used for all kinds 
of resistances, the properties of which are required to 
be constant throughout their service life. Kumanal 
can be readily spot welded without any special pre- 
cautions and the welded junction has a fine-grain 
structure. After slight abrasive cleaning or pickling, 
it can be readily brazed with the various brasses, hard- 
soldered with silver solders, or joined with the ordinary 
soft solders, using only a resin-type flux. In all these 
operations, and particularly in silver soldering, care 
must be taken to avoid overheating. As some indica- 
tion of its current-carrying capacity, it may be men- 
tioned that a Kumanal wire of No. 16 gauge, when 
suspended straight in still air, requires 8-48 amperes, 
12-04 amperes and 15-81 amperes, respectively, to 
bring it to temperatures of 100 deg. C., 200 deg. C. 
and 300 deg. C., respectively. The resistance of a 
wire of this size is 0-602 ohm per foot, and it weighs 
11-37 lb. per 1,000 feet. The approximate value of 
the fusing current of wires of circular section may be 
calculated from the formula C = a1/D%, where D is 
the diameter of the wire in inches and a is a constant, 
the best value of which is 5,900. For the finer gauges 
of wire (below No. 18 S.W.G.) a constant of 4,000 yields 
results which are more in accordance with actual 
practice. 





CONVERSION OF LANCASHIRE BOILERS FROM COAL TO 
Om.—In view of the impending shortage of coal this 
winter, the Austin Motor Company, Limited, Longbridge 
Works, Northfield, Birmingham, have decided to convert 
their seven auxiliary Lancashire boilers from coal to oil 
burning. 





Non-FerRRovs METAL Scrap.—The Ministry of Supply 
have announced that the Government’s stocks of non- 
ferrous scrap metal totalled 199,238 tons on June 30. 
This included 88,209 tons of shell cases and “ muffled ” 
small-arms ammunition, 18,834 tons of copper and copper 
alloys, 11,199 tons of zinc and zinc alloys, 1,537 tons of 
lead and lead alloys, 27,810 tons of ingots of various metals, 
and 51,649 tons of mixed metals from cancelled contracts 
and Admiralty, Army and Ministry of Works scrap. 
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LABOUR NOTES. 


AccorDING to a return issued last week by the Minis- 
try of Labour and National Service, Britain’s working 
population at the end of June was 20,232,000— 
14,569,000 men and 5,663,000 women. This, it was 
stated, represented a fall of 82,000 from the May total 
of 20,314,000, and a reduction since June, 1945, of 
1,337,000—277,000 men and 1,060,000 women. The 
total for June this year was, however, greater than in 
the middle of 1939 by 482,000, because, although there 
were 87,000 fewer men at work, the women numbe 
569,000 more. Ex-members of the forces who had not 
begun work in June last, totalled 760,000 compared 
with 800,000 in the previous month. Unemployment 
in June increased by 1,000 over May to 376,000. 





In the twelve months ending in June last 3,935,000 
more workers were engaged on production for home 
civilian needs and for export in the manufacturing 
industries, the basic industries, building and civil 
engineering, the distributive trades, and other civil 
services, the total being 16,257,000 compared with 
12,322,000 a year earlier. The latest total is thus only 
about 700,000 below the normal pre-war level. Workers 
in almost every section of manufacture for the home 
and export markets increased during June. Those pro- 
ducing for home and export, reduced by over 3,000,000 
between mid-1939 and mid-1943, rose by 2,900,000 
between mid-1945 and mid-1946 when the figure was 
271,000 above the number in June, 1939. The number 
working for export rose in the twelve months by 909,000 
while those working for the home market increased by 
1,991,000 and were only 65,000 below the figure for 
mid-1939. Altogether, 4,615,000 were producing goods 
for home consumption and 1,326,000 goods for export— 
a total of 5,941,000 compared with 5,789,000 in May 
and 3,041,000 a year previously. 





Between June 17 and July 15, the number of regis- 
tered unemployed persons increased from 7,835 to 
7,991 in the North Midlands region. In the London 
and South-eastern region it fell from 36,026 to 34,754, 
in the Eastern region from 7,450 to 6,947, in the 
Southern region from 7,774 to 6,893, in the South- 
western region from 10,267 to 9,214, in the Midland 
region from 17,369 to 16,450, in the E. and W. Ridings 
region from 20,373 to 19,963, in the North-western 
region from 68,810 to 66,101, in the Northern region 
from 54,110 to 50,723, in Scotland from 74,578 to 
73,919, and in Wales from 66,316 to 61,076. 





Mr. Beard, the general secretary of the United 
Patternmakers’ Association states, in the latest issue of 
the organisations’ Trade Report, that he made contact 
during July with the Engineering and Allied Em- 
ployers’ National Federation “ with reference to a 
reply to our recent application” on the subject of 
wages. ‘“‘ They inform me,” he continues, “ that they 
have circulated their members for information on the 
points raised by us and that the returns are not as yet 
complete. They assure me, however, that there will be 
no undue delay in presenting their reply.” ‘‘ On the 
light casting side,” he goes on to say, “‘ we cannot yet 
report that negotiations have been concluded, although 
it is true . . . that the employers have expressed the 
view that they are prepared to consider some method 
of increasing patternmakers’ earnings. In view of the 
employers’ previously expressed opinion that payment 
by results is not applicable, it is difficult to estimate 
what form of increased earnings they have in mind.” 





At the end of July, the membership of the United 
Patternmakers’ Association was 14,847. During the 
month, 22 members were paid trade benefit and 208 
members sick benefit. There are 771 superannuated 
members. The re-election of Mr. Beard as general 
secretary and of Mr. Ellis Smith, M.P., as general 
president is unopposed. Mr. Smith was nominated by 
55 branches and Mr. Beard by 54 branches. 





An informal conference with the Engineering and 
Allied Employers’ National Federation and the National 
Engineering Joint Trades Movement took place on 
July 24, when consideration was given to the question 
of jointly approaching the Minister of Labour and 
National Service on the subject of apprentices and 
conscription. ‘The parties concerned,” Mr. Tanner 
says, in the Amalgamated Engineering Union’s Journal, 
“‘have been seriously perturbed at the continued 
call-up of engineering apprentices into His Majesty’s 
Forces. While the Government White Paper on the 

‘Call-up to the Forces in 1947 and 1948’ clarified the 
position to some extent, we have had in mind the fact 
that the future position of the ngneene industry is 
likely to be prejudiced as the result of this drain upon 
the industry’s potential skilled man-power, particularly 








in the reconstruction period in which we are actively 
engaged and likely to be for some considerable time.” 





““The Employers’ Federation,” Mr. Tanner says, 
“‘ are in general agreement with our own views on the 
subject which can be summarised as follows: (1) that 
comes screening or exemption from military service 
should not be sought in respect of persons employed 
within the engineering industry ; (2) it would not be 
desirable to request the Government to introduce legis- 
lation to provide for everyone in the engineering indus- 


red | try to be deferred up to the age of 21 ; (3) there should 


be machinery set up in connection with deferment 
procedure so as to ensure that all the facts in every 
individual case are considered and applied, keeping in 
mind whether it would be best to allow any particular 
person to finish his apprenticeship or training; (4) 
insistence should be placed upon the necessity for the 
employment of engineering personnel within mechanicai 
units in H.M. Forces and the continuance of their 
technical training during their period of service.” 
Further joint discussions are to take place and will 
culminate in a meeting with the Minister of Labour and 
National Service. p 


Mr. Arthur Horner, President of the South Wales 
Miners’ Federation, has been elected general secretary 
of the National Union of Mineworkers in succession to 
Mr. Ebby Edwards, who was recently appointed a 
member of the National Coal Board. Mr. Horner was 
one of three candidates for the office, and the result 
of the ballot was: A. Horner, 226,605; W. E. Jones 
(Yorkshire), 167,074 ; J. Standing (Lancashire), 25,970. 
Mr. Horner, who is a member of the Communist Party 
executive, gave an assurance on his election that that 
Party would give maximum support to the Coal Board 
and the Labour Government in the effort to ensure the 
production of sufficient coal. 








The wages of workers in the leather goods and allied 
trades are to be increased, as from September 2, by 
24d. an hour in the case of adults, with corresponding 
advances for juniors. 


It was stated in London last week that the railway- 
men’s unions desire the companies to transfer their 
special war advances—which amount to 28s. a week in 
the case of men—to their basic rates of pay. So far, 
it was added, there has been “ failure to agree’ on 
the subject. Representatives of the management have 
offered to transfer 20s. of the 28s. to basic rates of 
men—with corresponding changes in the cases of 
women and juniors. In the opinion of the executive 
of the National Union of Railwaymen, that offer is 
not acceptable, and they have asked the Railway 
Executive Committee for an early meeting to discuss 
the matter. 





A national agreement covering the wages and condi- 
tions of the 250,000 distributive workers employed by 
retail co-operative societies throughout the country 
was signed last week. The main object of the nego- 
tiations, which led up to it and began nearly a year 
ago, was to remove anomalies and co-ordinate district 
and regional agreements, but,in the completed instru- 
ment, wage improvements are also provided for many 
thousands of employees, particularly women. There is 
also provision for a 44-hour working week without loss 
of pay, 15 minutes being allowed free of overtime for 
the closing of the shops, and an annual paid holiday 
of 12 working days. The majority of the employees 
covered by the agreement are at present working a 
48-hour week. If approved by the organisations con- 
cerned, the changes will take place on October 14. 





The dairymen employed by one or two London 
co-operative societies who ceased work last week are 
presumably covered by the foregoing provisional agree- 
ment, although they struck before its terms were 
announced. The National Union of Distributive and 
Allied Workers condemned the stoppages as “ irre- 
sponsible.” The original demand of the strikers was 
for a minimum weekly wage of 61., time and a half for 
night work, and a five-day 40-hour week. 





Industrial employees of the Government who are 
normally entitled to six days’ paid leave per annum, 
are to be given a further six days “on condition that 
they volunteer for one week’s harvesting work.” 





The claim of 300 foremen employed in London gas- 
works for increases of wages and improved conditions 
was discussed at a meeting, in London last week, attended 
by representatives of the foremen, the employers, and 
Mr. A. E. Stillwell, the chief conciliation officer of the 
Ministry of Labour and National Service in the London 
and south-eastern region. The parties agreed upon 
a basis of settlement, “ details of which will not be 
made public for the present.” 








COACHES FOR THE L.M.S. 
RAILWAY ROYAL TRAIN. 


Derarzs of three vehicles which were extensively 
used by Their Majesties the King and Queen during 
their war-time journeys, and which are now included 
in the permanent formation of the L.M.S. Royal 
train, are now available. Constructed at the Wol. 
verton Carriage Works of the L.M.S. Railway and 
completed in 1941, the vehicles comprise a saloon 
car for H.M. the King, a similar saloon car for H.M. 
the Queen, and a convertible sleeper, brake and power 
vehicle, or service car, for the accommodation of the 
train staff, generator sets, and luggage. The saloon built 
for H.M. the Queen is shown in Fig. 1, on page 204, and 
the convertible sleeper and power car is illustrated in 
Fig. 2, on the same page. The main constructional 
details of the two saloon cars are identical, the vehicles 
being 69 ft. long over the body ends, 9 ft. wide over the 
side panels, a weighing 57 tons each. The power car 
is also the same length and width, with a weight of 52 
tons. The general arrangement inside the two saloons ig 
the same ; each car having a lounge, bedroom and bath- 
room, a sleeping-berth compartment and lavatory for 
the attendants, spacious vestibule entrances with 
inward opening double doors on both sides and at 
both ends of the saloons; the vestibule at one end 
of each car is provided with a seat which can be 
converted into a bed, for the use of a footman. In 
each car, a corridor runs from this vestibule up to the 
lounge. The entrances used by Their Majesties the 
King and Queen are situated at the lounge end of each 
saloon, and folding steps, operated from outside, are 
fitted on both sides of the cars. When the steps are 
down, an electric red warning light near the solebar 
indicates that the loading gauge is exceeded, and the 
same lamp is arranged to illuminate the bottom step, 
so that it is visible in darkness, Pullman gangway 
equipment is fitted at both ends of the saloon cars 
and at the passenger end only of the service car. 

The underframes and bogies of the three cars are 
constructed of mild-steel rolled sections and are elec- 
trically welded throughout. The main centre longi- 
tudinal members are of the fabricated lattice-girder 
type with transverse steel angle frame braces to carry 
the solebars. All the cars are mounted on six-wheeled 
bogies of special design, the axle journals being 10 in. 
by 5 in. diameter and the wheel tyres having a tread 
taper of 1 in 100. To ensure smooth running and the 

uction: of track noises, the side friction blocks and 
the top castings over the bogies are fitted with rubber 
anti-vibration pads between the castings and the 
underframe, and by the use of rubber bushes on the 
securing bolts, all metal-to-metal contact is eliminated. 
The automatic vacuum brake is fitted to all three cars, 
each having two 24-in. diameter cylinders. The brakes 
on each bogie are operated by one cylinder, and all 
wheels are fitted with two brake blocks each. 

For emergency use, a hand-operated brake is fitted 
in the brake compartment of the service vehicle and 
operates on both bogies of this car. All the under- 
frame and bogie brake-work details have machined 
pins working in holes bushed with hardened steel, and 
special care was taken in assembling the brake gear to 
prevent rattle. All the cars are fitted with an unusual 
arrangement of buffing and drawgear equipment, con- 
sisting of hinged side buffers and centre couplers, which 
enable the cars to work either as centre-coupled or with 
other vehicles fitted with ordinary side buffers and 
screw-coupling drawgear. Rubber springs are used for 
both the buffing and drawgear ; the side buffers having 
a@ special arrangement of shock-absorbing springs 
behind the headstock. In the construction of the 
coach bodies, special attention has been given to insula- 
tion against sound and changes in external temperature. 
The inside faces of the sides, roof and end panels are 
sprayed with asbestos to a thickness of } in. and an 
insulation blanket of Limpet asbestos, 4 in. thick, is 
fitted between the outer sheeting and the interior 
finishing panels. The general design of pillars, cant- 
rails and roof-sticks is substantial, and the body sides, 
roofing and end panels are of No. 16 S.W.G. steel sheet 
with welded joints. Except in the engine room of the 
service car, the flooring throughout the vehicles is 
composed of No. 16 S.W.G. corrugated steel sheets, 
welded to the underframes, the underside being sprayed 
with asbestos to a thickness of 4 in. and the upper 
surface being covered with cork, 1} in. thick, on which 
is laid the underfelting and carpets. 

The convertible sleeper, brake and power car, which 
is essentially a service vehicle, can be marshalled either 
at the rear or front of the train, and its general arrange- 
ment and leading dimensions are shown in Figs. 3 and 4, 
on page 204. The car consists of a brake compartment, 
an engine room for two generator sets and compart- 
ments which can be converted for night or day use, to 
ee accommodation, for a train staff of 14. In the 

rake compartment there is space for luggage and the 
storage of spare parts for train maintenance, and it 
is also furnished with a steam-heated linen cupboard. 
Due to the extensive use of electricity for lighting, 
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CAR FOR LMS. ROYAL 


Fie. 5. GENERATING PLANT. 


heating and ventilating, and to the special condi- 
tions under which the train operates, a change was 
made from the standard axle-driven generators and a 
complete power plant is installed in the engine room 
of the car, as shown in Fig. 5. This consists of two 
35-kVA three-phase alternators with overhung exciters, 
directly-coupled to internal-combustion engines, and 
supplies current at 250 volts and 50 cycles. The 
engines are fitted with electric starting equipment and 
each set, with its water and oil cooling radiators, is 
constructed as a unit so that it can be installed or 
removed from the coach without dismantling. The 
units are isolated from the underframe of the car by 
“ Silentbloc ” anti-vibration mountings. Cooling air for 
the radiators is drawn in by belt-driven fans, through 
louvres in the coach sides, and is discharged through the 
floor, which consists of }-in. steel chequered plates 
welded to the underframe. The exhaust from the 
engines is led through the roof of the car and passes 
through double silencers. Fuel is stored in a tank 
housed in a protected position in the coach underframe, 
and is raised by engine-driven pumps. 

The electrical control panel is mounted adjacent to 
the generating sets and is shown in Fig.6. The lighting 
current in the saloon cars is at 50 volts and is supplied 
by a 250/50-volt three-phase transformer mounted 
in each saloon. In the event of a failure of the main 
supply, an emergency circuit is automatically switched 
over to storage batteries and the lamps on this circuit 
are distributed so that no part of the saloons is in 
darkness. Emergency lighting in the power car is 
provided by a 50-volt battery, automatically charged 
from the 250-volt supply by means of a transformer 
and rectifier. Under stationary conditions, arrange- 
ments exist for a suitable external supply to be con- 
nected to the train. Electrical heating is provided in 
the saloon cars under each window by thermostatically- 
controlled panels recessed into the side walls of the 
compartments and corridors at floor level, and current 
for this purpose is supplied at 250 volts. Normally, 
the hot-water supply is obtained from a steam calori- 
fier, automatically controlled at 140 deg. F., and 
taking steam at 40 Ib. per square inch pressure from 
the locomotive; but in the event of an interrup- 
tion of the steam supply, the water temperature is 
maintained by a hand-controlled electric immersion 
heater embodied in the calorifier. The saloon cars are 
air-conditioned, steam from the locomotive and elec- 








tricity being used jointly as the heating media, with 
wet ice for cooling purposes. Two conditioning units 
are provided in each saloon and are situated above the 
vestibules at the ends of the coaches. A range of six 
different temperatures in heating and cooling can be 
obtained and the selected temperature is automatically 
maintained by thermostats: Fresh air from outside 
is drawn through filters and over the heating or cooling 
coils by an electric fan and is thence delivered into a 
duct between the ceiling and the roof of the compart- 
ments. From this duct the air is distributed through 
louvres at ceiling height on both sides of the car and 
passes out through other louvres and grilles. The air 
circulation in the lounges is such that there is a com- 
plete change of air every four minutes, and in the 
other compartments, every six minutes. For cooling 
urposes, ice is stored in insulated bunkers in the under- 
rame and ice-cooled water is used for circulating 
through the air-cooling coils in the conditioning units 

Intercommunication throughout the train is pro- 
vided by three separate installations. There is a 
private telephone line for the use of the King and 
Queen and their personal attendants, a staff buzzer- 
call signal system, and a train telephone installation. 
Communication between the train guard and the loco- 
motive crew is by means of loud-speaking telephones 
and calling is by both sound and visual luminous signal. 
Space does not permit a description of the interior 
decoration and furnishing of the saloon cars, but it will 
be understood that utility and good taste have com- 
bined to attain the highest standard of comfort. Dur- 
ing the war the Royal train travelled nearly 36,000 
miles on the L.M.S. Railway and was also used for many 
journeys over the other systems. 





MINING-TYPE Capacirors.—The characteristics of 
the mining electrical load make it desirable to install 
apparatus for the correction of power factors. This 
apparatus must naturally be suitable for the conditions 
under which it is to work, a point which has been borne 
in mind by Messrs. British Insulated Callender’s Cables, 
Limited, Norfolk House, Norfolk-street, London, W.C.2, 
in designing their mining-type capacitors. These capa- 
citors are fully described in a pamphlet which has recently 
been issued. They are available for any voltage up to 
11 kV and in three ranges of tank size. They are equipped 
with self-coatained low-loss internal discharge resistances, 
in order to fit them for use above or below ground. 
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CABLE-WORKS LIGHTING. 


Tue cable-making factory of Messrs. W. T. Glover 
and Company, Limited, Trafford Park, Manchester, 17, 
is one of the oldest in the British electrical industry, 
having been established in the ‘seventies of last cen- 
tury to exploit the invention of a braiding machine. 
Some ten years later, machines of this type began 
to be employed for braiding cotton-covered telegraph 
wire, and during the period up to the outbreak of 
war, the activities of the firm were extended to the 
manufacture of every class of cable for electrical 
purposes. During the war, the Farmer lead presses 
and heavy armouring plant, which formed an important 
part of the equipment, were utilised for producing the 
pipe line for “‘ Pluto,” through which petrol was pumped 
across the Channel after D-day. This operation, among 
others, necessitated the use of artificial lighting for 
twenty-four hours a day. The original system of 
illumination was, therefore, re-designed by the Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, to comply with modern condi- 
tions. 

A high standard of general illumination is, of course, 
required throughout the manufacture of cables, as the 
operations include a large amount of preparatory work, 
such as the setting up of machines, the loading of fine 
wires and cotton strands. Im addition, where close 
inspection is necessary throughout a process, such as 
paper lapping, local lighting is provided on the machine 
itself. General lighting, consisting of 1,000-watt or 
1,500-watt lamps with 18 in. dispersive reflectors has 
therefore been installed in all the main bays above the 
crane gantries and gives a service illumination of 
12 lumens per square foot. In the rubber and braiding 
departments, the mounting height is, however, limited 
to 13 ft., so that the rating of the lamps has been 
reduced to 300 watts and 500 watts. In the kitchen, 
which forms part of the welfare establishment, moisture- 
proof fittings are installed and the illumination provided 
is 10 lumens per square foot. The total lighting load in 
the works is 610 kW. 





Paris TRADE Fatr.—Next year’s Foire Internationale 
de Paris will be held from May 9 to 26. Particulars are 
obtainable from Miss E. Lambert, 11-13, Rugby Cham- 
bers, 2, Rugby-street, London, W.C.1. 








DEVELOPMENTS.* 
By E. F. Retr, C.B.E., F.R.S. 


(Concluded from page 189.) 

Tue recent developments in aerodynamics so far 
considered relate primarily to geroplanes of moderate 
speed, and are endeavours to progress still further in 
the direction of drag reduction. I come now to very 
different aerod ic phenomena where the com- 
pressibility of the air is the main factor rather than 
its viscosity—say, roughly at speeds greater than 
seven-tenths of that of sound. Since the problems of 
aerodynamics at speeds well in excess of that of sound 
are in some respects much simpler than those quite 
near the sonic — whether above or below, I propose 
to say a little about “‘ supersonic” aerodynamics first, 
and then to return, to the so-called “ transonic ” 
region, which presents the most difficult problem of all. 
The advent of the jet engine and the development 
of rocket propulsion have made flight at speeds above 
that of sound quite feasible, and so have awakened 
great interest in supersonic aerodynamics. 

Many years ago, Sir Thomas Stanton made a 3-in. 
supersonic wind tunnel at the N.P.L. and was able to 
correlate the results of tests of tiny model bullets 
with those of firing tests on artillery He also 
tested aerofoils in his tunnel, even to the extent of 
determining the pressure distribution over model 
aerofoils of only }-in. chord. About this time, Ackeret 
stated the theory of thin sharp-edged supersonic aero- 
foils now generally known by his name, and G. I. 
Taylor restated it for English-speaking readers and 
compared its predictions with Stanton’s experimental 
results. This theory is a first approximation to the 
solution of the full equations of flow and has proved a 
good approximation for thin aerofoils provi that 
the Mach number is well above unity. It is exceedingly 
simple, amounting merely to the statement that the 
pressure at any point on the aerofoil surface is propor- 
tional to the angle between the tangent at that point 
and the direction of motion, the constant of propor- 
tionality being a function of the Mach number only. 

A number of important deductions follow at once. 
The lift coefficient is proportional to the angle of 
incidence and is independent of the shape of the 
aerofoil. Thus camber has no effect at at on lift, 
in marked contradistinction to its effect at low speeds. 
The lift slope decreases as the Mach number increases. 
The centre of pressure is at the half-chord instead of 
approximately at the quarter-chord point. The drag 
coefficient depends on the integral round the contour 
of the square of the angle between the tangent and 
the direction of motion, and it follows that, for similar 
shapes, the drag coefficient at zero lift decreases as the 
square of the thickness-chord ratio instead of being 
nearly independent of this ratio, as it is at low speeds. 
The best shape for a given thickness is a double wedge, 
the drag of which is three-fourths of that of a bi-convex 
section formed of circular arcs. The maximum lift- 
drag ratio of the double wedge (neglecting skin friction 
drag) is equal to half the reciprocal of the thickness- 
chord ratio, and occurs when the front part of the 
upper surface is exactly along wind, that is, when the 
angle of incidence is‘equal to half the angle of the 
wedge. Thus a section of 5 per cent. thickness has a 
maximum li ratio of 10, and it is at once evident 
that the supersonic aerofoil, if sufficiently thin, can 
provide aerodynamic efficiencies of at any rate the 
same order as those to which we are accustomed at 
low flight speeds. 

Further development of the theory of supersonic 
flow round an aerofoil brings to light other marked 
differences from the low-speed subsonic behaviour. It 
appears that aspect ratio is of much less importance in 
supersonic flight, and that quite small aspect ratios, 
of the order of unity, can be used without serious drag 
being encountered. Another important fact is that the 
customary downwash directly behind the aerofoil has 
almost disappeared, the air having downward momen- 
tum to balance the lift being only that confined 
between the shock waves springing from the leading 
and trailing edges. If we imagine a conventional air- 
craft with a tailplane, both the recession of the centre 
of pressure to the half-chord point and the removal 
of the downwash at the tail tend to make the aeroplane 
more stable in supersonic flight than at low speeds. 

We are also able to learn something about control 
characteristics. Thus the simple Ackeret theory tells 
us that the ratio of the lift change due to unit control 
angle to that due to unit incidence change is merely 
the ratio of control chord to wing chord. We thus 
find that the behaviour of control surfaces of the 
conventional kind is of the same nature and the same 
order of magnitude as in low-speed motion. 

The drag coefficient of fine pointed bodies of revolu- 
tion has been studied theoretically, notably by Light- 
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hill. Here we are not on such secure ground as in the 
corresponding two-dimensional problem of the thin 
wing, as there is evidence from experiment that the 
boundary layer separates from the surface on the 
tapering tail-end of the body. The outcome of this 
reasoning is that the aerodynamic behaviour of an 
aircraft of conventional lay-out, but with a considerably 
thinner wing than usual, is not strikingly different at 
supersonic speeds from what it is at speeds of to-day. 
In other words, there is no fundamentally different 
feature in the aerodynamic behaviour which suggests 
any major difficulty in flight at supersonic speeds. 
The aerodynamic problems involved are, in fact, 
simpler than those at subsonic speeds, and sufficient 
information exists to enable a reasonable design to 
be elaborated. It is not ange ge that such a design 
would closely approach the best possible for a super- 
sonic aircraft ; the point is merely that, given sufficient 
thrust from the propulsive mechanism, there seems to 
be no aerodynamic reason why a successful supersonic 
aircraft should not be achieved very soon. 

Experimental verifications of the theoretical pre- 
dictions are rather scanty, especially with regard to 
the behaviour of aerofoils of finite span, mainly on 
account of the lack of supersonic wind tunnels of 
reasonable size. There are only two such tunnels in 
this country and neither of them has been in use for 
very long. One is the 11-in. continuous-flow tunnel 
in the Engineering Division of the N.P.L., mainly used 
for work on projectiles ; the other is a 1-ft. injector- 
type tunnel in the Aerodynamics Division. No serious 
experimental work has been done on three-dimensional 
models, such as those of complete aircraft. A larger 
tunnel is badly needed for suck work, and the develop- 
ment of the experimental technique will take some 
time, not the least difficult point being the method of 
supporting the model without undue interference with 
the flow around it. 

These various experiments really only amount to 
@ little skirmishing on the fringes of the subject of 
supersonic aerodynamics ; we are, in fact, much in the 
same position with regard to the subject as we were 
about the year 1912 with regard to low-speed aero- 
dynamics, but with one important difference : we have, 
in the supersonic field, a well-developed theory. We 
may be very thankful for this; it will help us along 
the right path until we can build experimental equip- 
ment to study those problems which arise in practice 
and are hae too complex for theoretical treatment 
in detail. One such is the whole question of skin 
friction in supersonic flow, or, in other words, the 
relative importance of Mach number and Reynolds 
number in defining aerodynamic behaviour. Even 
here we have already some indications, and we shall 
not be far wrong if we assume the ordinary low-speed 
skin-friction laws to be true and add the drag they 
predict to that arising from the shock-wave systen. 

What will the supersonic aircraft of the future look 
like? This is not an easy question to answer, but 
some trends are fairly apparent. It will certainly 
have very thin wings, and if it has a body at all, in 
the conventional sense, that body will be as long and 
thin as it can conveniently be made. In fact, “ thin- 
ness” seems to be the key to low supersonic drag. 
The aspect ratio will probably be quite low, though 
whether the wings will be heavily swept-back or not 
is at present a moot point; we do not know enough 
to predict with any certainty. The problem will 
to obtain enough stowage space without sacrificing 
the slim lines necessary for reasonably low drag. 
Whatever form the supersonic aircraft ultimately 
takes, it will almost certainly differ greatly from that 
of present-day machines, and one problem which will 
arise is that of control at low speeds during take-off 
and landing. I have alreadys ted that boundary- 
layer suction may provide the key to the attainment 
of sufficient lift on thin wings, but the control problem 
« | prove difficult if the aspect ratio is very low. 

ortunately, we have the means to study this point 
in our present large low-speed wind tunnels, and it 
would be of much interest now to carry out low-speed 
experiments on the unconventional forms that appear 
likely to be suitable for supersonic flight in order to 
see if their low-speed control problems can be satis- 
factorily solved. The point is an important one, since 
the maximum lift coefficient attainable with full control 
will settle the supersonic operating conditions to a great 
extent. A little arithmetic shows that, if the aircraft 
is to fly at an incidence near that at which its lift-drag 
ratio is a maximum, either the wing loading must be 
considerably higher than present-day figures or else 
the operating altitude must be much greater. The 
former alternative makes the landing problem more 
difficult, while the latter has obvious difficulties 
relating to pressure cabins and engine performance. 

In recent years much information has been accu- 
mulated on aerodynamic behaviour at high subsonic 
8 s. The necessity for this was forced upon us by 
the ever-increasing s of aircraft, for although, 
until very recently, aircraft could not fly horizontally 
at speeds high enough to make compressibility effects 
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important, they could and did dive at such s 
and troubles that were met, particularly with controls, 
made it imperative to study the phenomena involved, 
The results have added enormously to our understand. 
ing of high-speed aerodynamic phenomena. Most of 
the basic facts are now so well known that I need 
not describe them in any detail. Suffice it to men. 
tion that, at a given incidence, the lift coefficient 
increases at first with the Mach number, but later 
falls abruptly; the drag coefficient remains nearly 
constant at first but, above a certain Mach number 
dependent mainly on “ thickness,” rises very rapidly, 
while the pitching moment can exhibit a variety of 
behaviours varying from almost complete insensitivity 
to very violent changes in either direction, depending 
on the wing shape, wing camber and relative positions 
of wing and ¢ail plane. Any of the more violent 
changes occur at a Mach number somewhat greater 
than the so-called critical Mach number, which is that 
at which the local — of sound is first reached at 
some point in the field of flow, usually near the point 
of maximum suction on the wing. 

This lead» to the general conclusion, well borne out 
in practice, that no trouble is likely to be experienced 
from compressibility effects as long as the speed of 
flight is below that corresponding to the critical Mach 
number. Since the increment of velocity when the air 
flows round a body is least when the body is thin, 
we should expect “thinness” to be good for high 
subsonic speeds, as it is at supersonic speeds. This 
expectation is realised in practice: for example, the 
Spitfire is one of the few aircraft that have given no 
trouble in fast dives, and it is a particularly “ thin ” 
aircraft. But the matter cannot be dismissed as simply 
as this; the more nearly we approach the sonic speed 
the more likely we are to encounter difficulties, and the 

ater is our ignorance of the precise nature of those 

ifficulties. 
reason for ignorance is that it is not possible 
effectively to use the wind tunnel to acquire knowledge 
in this region. High-speed tunnels can be used up 
to a Mach number of about 0-85, but if we attempt to 
go higher, they “ choke,” as we say. This means that 
the Mach number in the neighbourhood of the model 
rapidly increases to unity and a shock wave extends 
tight across the air stream. Hence the wind tunnel 
is of little use in a range of Mach number from about 
0-85 to 1-15. Yet we must fly through this range if 
we are to attain supersonic s so we must 
seek means of investigating aerodynamic behaviour in 

this range. 

The obvious answer is to move the model through 
the air, instead of blowing an air current over the 
model. One way of doing this is to drop heavy bodies 
from a great height and to make observations on them 
by means of internal instruments communicating 
with the ground by radio or salved after the fall, or 
by external observation such as is provided by radar 
tracking. This line of attack is being explored and 
some few observations have already been obtained. A 
second way is to project a model through the air by 
means of a rocket and to use similar methods of observa- 
tion. This also is being developed. The last way is 
by flight itself, but it is evidently unwise to proceed 
far in this direction, on account of possible unexpected 
dangers, until something has been learned by Paap 
of pilot-less models. 

I have already said that we know a good deal about 
aerodynamic phenomena at speeds well above that 
of sound. It is instructive to see how much we can 
guess of what will happen close to that speed from our 
knowledge of what happens well below and well above 
it. In Fig. 6, we have the drag curve of a typical 
supersonic aerofoil over the whole range of speeds for 
which it is known, there being a gap between the 
Mach numbers of approximately 0-8 and 1-2. On the 
same figure is shown the established drag curve for 
shells. It is evident that we can make a very reason- 
able guess as to how the aerofoil drag curve will behave 
in the unknown region near the sonic speed; the 
dotted part of the curve is my own guess. But if we 
plot the slope of the lift curve instead of the drag, as 
is, done in Fig. 7, we find that guessing is quite out of 
the question, nor have we in this case any rough guide 
from ballistic experiments. 

We are thus driven to the inexorable conclusion that 
only by experiments of the kind I have suggested can 
we learn enough to make the design of aircraft for 
flight in or through the transonic region a safe pro- 
cedure. It may be some time before aircraft are 
developed which fly through the region and attain 
supersonic speed, but our present-day machines can get 
very nearly up to the speed of sound in a dive. It is 
now quite a long time since a Spitfire attained a Mach 
number in the neighbourhood of 0-9, and the develop- 
ment of jet propulsion, together with continued aero- 
dynamic improvement of design, may be expected to 
increase this figure. With conventional designs of 
aircraft, however, the increase is slow, because of 
the extremely rapid rise of drag near the sonic speed. 








But is this rapid rise of drag unavoidable ? We are 
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beginning to think that it is not, or at least that it 
can be put off till a still higher Mach number is reached, 
possibly a supersonic one. Very little is known 
basically about drag in the region well above the 
critical Mach number but still below unity, for theory 
has so far failed to provide solutions to flow problems 
where parts of the field are subsonic and others are 
supersonic. We know from experiment that a shock 
wave first forms near the point of maximum suction on 
the wing, that the shock wave becomes “ stronger ’’ and 
moves back on the chord as the Mach number increases, 
and that, at supersonic speeds, it reaches the trailing 
edge and is accompanied by another shock wave, spring- 
ing from the leading edge. But we have not yet evolved 
a theory which will predict these c , and give 
information on the strength of the shock wave and the 
resultant forces in any given condition. 

We are therefore forced to rely on experimental 
evidence, and at present this is restricted severely by 
the limitations imposed by the wind tunnel. We 
know, however, that different wing sections behave in 
different ways in the high subsonic region, and, in 
particular, that a high value of the critical Mach 
number does not necessarily imply the best behaviour 
at still higher Mach numbers. 

Results for cambered aerofoils suggest that the 
symmetrical sections are the best at Mach numbers 
well above the critical, especially when the maximum 
thickness is set at about 0-4 chord. It thus appears 
that symmetrical sections are likely to be very good 
for high subsonic speeds, not only on account of drag, 
but also because they give less violent changes of 
pitching moment. Another way in which much more 
striking drag reduction seems to be possible was first 
brought to the attention of British scientists by a 
study of German work done in the war years. I refer 
to the effect of a large sweep-back of the wings. There 
is a theoretical argument which indicates the nature 
of this effect. Consider the potential flow round a 
two-dimensional wing moving in a direction perpen- 
dicular to its leading edge, that is, with zero sweep-back. 
Now superpose on this motion a velocity of the wing 
in the direction of its span. This will evidently have 
no effect on the pressure distribution, but the resultant 
velocity is now increased and is at an angle, as though 
we had given the wing a sweep-back. 

It is argued from this that, with a swept-back wing 
of infinite span, only the component of the velocity 
normal to the leading edge is effective in determining 
the forces on the wing. On this simple argument we 
should expect the forces at low speeds to decrease as 
the square of the cosine of the sweep-back angle. 
When the speed of motion exceeds that corresponding 


to the critical Mach number, a more spectacular drag 
decrease is to be expected, for the theory suggests 
that we have reduced the effective Mach number of 
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the section in the ratio of the cosine of the sweep-back 
angle. Thus, if the critical Mach number of a thin 
section were 0-8, we might expect to be able to use it 
at a Mach number of unity without any compressibility 
drag rise if it were swept back through an angle of 
cos~' 0-8, or 37 deg. 

This is such a surprising conclusion that a direct 
experimental verification of it would be very welcome. 
The theory is, of course, incomplete when applied to a 
real problem, since it neglects viscosity, in the presence 
of which the spanwise component of velocity can 
obviously affect conditions in the boundary layer. 
We might expect, therefore, that drag at low speeds 
would not behave precisely as the theory indicates, 
but that shock-wave effects, which depend rather on 
the pressure distribution than on the viscous forces, 
would very likely do so. Evidence from the rectangular 
high-s tunnel at the National Physical Labora- 
tory, in which an aerofoil was tested for drag by 
the Pitot-traverse method, first straight across the 
tunnel and then inclined at 45 deg., showed that some- 
thing like half the predicted improvement was realised. 
The failure to realise a greater gain may well be due to 
end effects, for the chord of the aerofoil was one quarter 
of the distance between the tunnel walls. 

Accepting for the moment that the two-dimensional 
theory would be borne out by a really two-dimensional 
experiment, there remains the question of how far the 
indicated gain can be realised when the aspect ratio 
is finite, and particularly when it is fairly small, as is 
likely to be the case for aircraft with rather thin wings. 
The Germans made some experiments of this kind. 
Their results show again that only about half the 
theoretical gain is realised, and this is attributed to 
the departure from two-dimensional flow at the centre 
and tips. It can be easily seen, by considering the 
combination of the varying chordwise velocity com- 
ponent with the constant spanwise component, that 
the flow near the centre section will be convergent, 
so that there is a tendency for high speeds and early 
shock stall in this region. 

While arguments of the kind I have advanced 
suggest that very considerable increases of speed 
without drag-coefficient increase may be obtained by 
using large sweep-back, the adoption of this device 
will involve the solution of other problems connected 
with sweep-back, of which perhaps the most serious 
is the tendency to earlier tip-stalling. This pheno- 
menon is well known to designers of tailless aircraft 
and presents a major difficulty in obtaining adequate 
contro] and stability during take-off and landing. 
Obviously the difficulty will become greater as the 
aspect ratio is reduced, while the proportion of the 
theoretical gain in drag will, presumably, decrease. It 
would appear that there will be a best compromise 
between these two considerations which can only be 
arrived at by experiment. The extent to which the 
Germans have been led by arguments of this kind is 
illustrated by Figs. 8 and 9, which show a design for 
a supersonic aircraft by Lippisch. Structurally, it 
should present no great difficulties ; aerodynamically, 
it is probably very good at high subsonic speeds and in 
supersonic flight, but one can well imagine that it would 
present considerable difficulties in attaining good 
control at low speeds. 

In summarising this part of my lecture, I can safely 
say that the transonic region is at present the greatest 
unknown in the quest for higher and higher —_ of 
flight, and that it presents great difficulties of investi- 
gation owing to the fact that ordinary laboratory 
smethods fail and we are being forced to develop a 
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I make no apology for a few words on the subject 


of engines in a lecture on aerodynamic developments 
for the jet-propulsion t of power plant involves 
aerodynamic problems at least as much as engineering 
ones. The ordinary jet engine is now so well known that 
it is almost unnecessary to describe its action. Suffice 
it to say that the intake air is compressed by a centri- 
fugal or axial blower, fuel is burned in the high- 
pressure air, and the energy of the resulting expansion 
is partly used to actuate a turbine driving the compres- 
sor and partly to provide the jet reaction for propulsion. 
The efficiency of the depends almost entirely 
on aerodynamic considerations. The compressor and 
turbine depend on aerodynamic reactions related to 
those of simple aerofoils, while the intake and ducting 
must be designed to minimise loss of energy by any 
breakaway of flow in them; they must be “ internally 
streamlined,” so to speak. Moreover, the air and gas 
speeds are high, so that the Mach number of the 
internal flow may often approach unity. It follows 
that general theoretical and experimental work on air 
flow at high Mach numbers has a direct bearing on the 
design of the engine as well as the aeroplane. Com- 
pared with the reciprocating engine, the jet engine 
is light and simple, and lends itself to good aero- 
dynamic design in a way which is quite impossible 
in the piston engine, with its awkwardly shaped ports, 
valves and gas-ducts. This fact can offset to some 
extent the lower thermal] efficiency of the gas turbine, 
which is, of course, due to the fact that the maximum 
temperature permissible in the blading is a lot lower 
than that which can be allowed in the cylinder of a 
piston engine. Even at moderate —_ the gas 
turbine may provide the best means of propulsion in 
some cases, for its lightness offsets the greater specific 
fuel consumption if the endurance is not too long, 
and the advantage of using a heavier and safer fuel 
than petrol is by no means negligible. 

When, however, we come to really high speeds, thcre 
seems no alternative, since the gas turbine alone can 
provide the necessary thrust’ without becoming of 
such unwieldy size that it cannot be accommodated in 
the available space. Moreover, with conventional power 
plant, it seems unlikely that good airscrew efficiency 
can be maintained when the Mach number exceeds 
about 0-8. When we come to supersonic flight speeds, 
@ curious position arises. The compressor of the jet 
engine becomes less and less a necessity as the speed 
increases because the compression of the air at the 
intake due to the forward motion, the so-called ram 
effect, becomes increasingly able to provide the pressure 
ratio required for the subsequent processes of com- 
bustion and ejection. If, for instance, we assume that 
there is a plane normal shock wave across the entry 
duct, the pressure ratio is 3-65 at a Mach number of 
1-5 and 7-85 at a Mach number of 2-0. 

The “engine” to which these ideas lead is, in a 
sense, no engine at all. It is merely a duct in which 
aerodynamic and thermal changes occur, and it has 
been described as an aero-thermodynamic-duct, a 
somewhat lengthy word that some have contracted to 
“ athodyd’”’ for convenience. The principle is pre- 
cisely the same as that of the normal gas turbine, 
except that the initial compression is now entirely due 
to ram effect, and so there is no rotating part at all. 
Since the compression increases with speed, so does the 
thermal efficiency. Moreover. there is not likely to be 
so much trouble with high temperatures as in the 
slender blading of a turbine. The one difficulty is that 
the action depends on the forward speed ; the “ static ” 
thrust is zero and the “ take-off’ thrust negligibly 
small. The use of the anthodyd for supersonic flight 
will thus involve some other source of power, possibly 
rockets, to accelerate the aircraft to a speed sufficient to 
allow the athodyd to begin to work with reasonable 
efficiency. An alternative may be to carry normal gas 
turbines plus athodyds. 

Before concluding this brief reference to new means 
of propulsion, I must mention the bi-fuel rocket, of 
the kind used by Germany in the V-2 weapon, and 
in a short-duration high-performance fighter. It has 
the inherent disadvantage of high fuel weight, since the 
oxygen as well as the combustible must be carried, 
but its interest lies in the fact that it may well provide 
an easy way to make supersonic flights in experimental 
aircraft for the purpose of beginning to study, in the 
air, the new problems involved. This is because 
the high temperature that is possible in the short 
combustion chamber and exit nozzle allows the produc- 
tion of a far higher specific thrust than can be obtained 
in the same space from a gas turbine, while avoiding 
the difficulty of take-off associated with the athodyd. 
It provides, in short, a very high thrust which is 
almost independent of speed or altitude. 

I shall be accused of not being up-to-date if I do not 
at least mention atomic energy. Needless to say, the 
possibility of a propulsive agent which involves an 
almost negligible weight would revolutionise all our 
ideas about high-speed aircraft. In fact, it would 
leave only one barrier to the attainment of almost any 





new technique. 





speed we wished: the barrier of temperature rise. 
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This limitation may soon prove quite serious, even 

with methods of propulsion that we can now foresee. 

As is well known, surface of a body in motion 

is raised in temperature by very nearly the thermal 

equivalent of the kinetic energy, that is, by an amount 
72 


—— or its equivalent for air, where M is the 


2Cp 

Mach number and T is the absolute air temperature. 
Thus for a Mach number of 1-4 the rise is 85 deg. C. 
in the stratosphere, and for M = 4/5 the absolute 
temperature of the air is nearly doubled. 

So, if we travel for long at speeds well above that 
of sound the problem will be not to keep the pilot and 
passengers warm, but to keep them cool, even at great 
altitudes. No doubt, refrigerating engineers can cope 
with the problem for some time to come, but it does 
seem that, if almost unlimited power ever becomes 
available for propulsion, the limit to man’s achievement 
in speed may finally be set by temperature. 

In this lecture, I have deliberately not gone into any 
great detail; I have tried to indicate the nature of the 
new ideas that have arisen recently in aerodynamic 
research, and to show what bearing they have on the 
future of aviation. In the past, there have been 
periods in which the greatest advances came from 
improved engines, and others marked by great improve- 
ments in cleaner aerodynamic design. It looks very 
much as though the next period will be characterised 
by both, for we see glimmerings of the possibilities of 
drags far lower than anyone could have hoped for a 
few years ago, while on the engine side the recent 
marked successes of jet propulsion can only be the 
first fruits of the new forms of power plant. 

I would be so bold as to suggest that we ought greatly 
to increase our research facilities for two very good 
reasons. One is that the war has produced so many 
urgent problems that we have not had time for the 
leisurely but very hard thinking which constitutes the 
research method. The result is a surfeit of ideas arising 
in all manner of ways, but not thought out in detail. 
We are therefore behindhand with the implication of 
these ideas, which will involve a lot of work by a lot of 
men. The second reason is even more important. The 
researches arising from the ideas I have sketched in 
this lecture need, for their proper study, equipment 
of a kind which we do not possess in this country ; 
equipment which, in some cases, is complex and costly. 
If we do not provide such apparatus, and that quickly, 
we shall lose a great opportunity for British aeronautical 
science. 

Lastly, one other thing that I hope most fervently 
is that we may be able, in the future, to advance hand- 
in-hand with our great war-time ally and friend, the 
United States of America. Surely the continuance 
of the close co-operation which was so effectively 
established during the war years into the years of peace, 
would be the greatest tribute we could pay to those 
two great men who did so much to ina te the aerial 
age, and in whose honour we hold this Wilbur Wright 
lecture every year. 








ANNUALS AND REFERENCE BOOKS. 

Directory of the Birmingham Exchange.—The 1946 
edition of the Directory of Members, Subscribers and 
Representatives of the Birmingham Exchange has recently 
been published by authority of the committee of the 
Exchange. The information given for each firm 
includes the postal and telegraphic addresses, the 
nature of the trade or business carried on, the telephone 
number and the names of the representatives. This 
section is followed by an alphabetical list of holders of 
tickets of admission to the Exchange and finally by 
an alphabetical classification of the professions and 
trades of member firms. Other, shorter, sections deal 
with the origin and development of the Exchange, its 
by-laws, the names of its officers and committee, and 
lists of books and periodicals in its reference library and 
reading rooms. Copies may be obtained from the secre- 
tary of the Exchange, Stephenson-place, Birmingham, 2. 





PLASTIC BONDING OF METAIS.—A description of the 
bonding of metal to metal, metal to wood, metal to 
thermosetting plastics, etc., by means of the Redux bond 
manufactured by Messrs. Aero Research, Limited, 
Duxford, Cambridge, was given in ENGINEERING, vol. 160, 
page 116 (1945), and may now be expanded by a note 
of its use in several directions. These applications include 
the de Havilland all-metal Dove air-liner, the Vickers 
Viking air liner, and other aircraft, over 3,000 clutch 
assemblies for Churchill and Cromwell tanks, 1,000 steel 
guides for the “‘ Danarm” chain saw. Experimental 
applications now proceeding include aluminium case- 
ments and cycle frames, frame work for an omnibus, a 
light-alloy pontoon, etc. It is stated that in the case 


of the Dove aircraft Redux bonding has been found 
a cheaper method of construction than riveting without 
sacrifice in other directions. The latest technique is 
to clamp the parts treated with Redux together and stove 
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AERONAUTICS. 

576,957. Variable Overload:Release Device. Blackburn 
Aircraft, Limited, of Brough, and W. H. Thirsk, of 
Beverley. (3 Figs.) March 16, 1944.—The invention is 
used in towing bars for towing aircraft. Normally the 
movement between parts of over load release devices is 
controlled by a spring so that, after a movement corres- 
ponding to a particular load on the spring, the release 
mechanism is operated by a cable, the slack in which is 
taken up by the movement of the parts. The invention 
enables the critical load at which the overload release 
mechanism will operate to be varied so that it may be 
used for aircraft of different sizes and weights. In the 
plate 1, on the side arms of the towing bar, are two rows 





























(s76,987) 
of holes. A cover plate 5, with similar rows of holes 6, is 
hinged on the plate 1. The free edge of the cover plate 
is slotted to take an eye ring 10 through which is passed 
a@ padlock to prevent unauthorised opening of the cover 
plate. The free end of the cable 12, connected to the 
overload release device, has a trunnion of square section 
with sideways projections. The cover plate is opened 
and one projection on the trunnion is placed in a hole 
in the plate 1; the cover plate is closed with the other 
projection in the hole in the cover plate above the first 
hole. The padlock is then locked. The amount of slack 
in the cable is determined by the distance between the 
pair of holes in which the trunnion projections are, and 
the overload release device. (Accepted April 29, 1946.) 


AERONAUTICS. 


577,132. Fuel-Feed Control. F. Whittle, of Rugby. 
(4 Figs.) March 2, 1940.—The invention is a fuel- 
balancing system in the vaporiser-feed of a gas-turbine 
system. The device is for the controlled equal supply 
of six branches from a main feeder. The master branch 
is on the right and one controlled branch on the left. 
Fuel oil under pressure is fed to two bores 2a runping 
through the body and from these are fed the valve 





chambers 5 through matched flow-restricting nipples 6, 
accessible by removing plugs 7. The valve chambers 5 
communicate through bores with the upper parts of the 
chambers 8, in five of which are fluid-tight flexible dia- 
phragms 9 carrying needle valves 10, which work in the 
valve ports 12 leading to the branch connections 13. 
The lower ends of the chambers 8 are all intercennected 
by bores 14 in the body. The valve and diaphragm are 





them in an oven for 15 minutes. 





omitted in the master branch and the pressure beyond 
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its restrictor 6 is transmitted through the body to the 
underside of all five of the diaphragms. If the rate of 
flow through one branch changes, the pressure-drop 
through the restrictor 6, and thus the pressure in the 
upper part of the chamber 8, will change, and the dia. 
phragm will move the needle valve to compensate the 
change and bring the rate of flow back to normal. The 
six parts of the body can be machined identically, 
(Accepted May 7, 1946.) 


METALLURGY. 


577,243. Refractory Mould. A. H. Taggett, Limited, 
of Gerrard’s Cross, and S. G. Killick, of Uxbridge, 
April 12, 1944.—The object of the invention is to produce 
a refractory mould for casting metals and alloys which 
will expand irreversibly at the temperature of solidifica- 
tion of the metal to an extent equal to the contraction 
of the metal on cooling, so that the casting will be true 
to size and shape without using an oversize pattern, 
This is achieved by the use of kyanite (a natural silicate 
of aluminium), which changes to mullite and quartz 
glass and increases 20 per cent. by volume on heating 
to 1,350 deg. C. 


Kyanite. Mullite. 
1,350 deg. C. 


3(Al,0,Si0,) —————-+3Al1,0,2Si0, + SiO, 


The change is irreversible. The mixture of mullite 
and quartz glass is called sillimanite. By mixing sillj- 
manite and kyanite it is possible to prepare refrac- 
tory moulds which expand irreversibly up to 10 per cent. 
by volume. These moulds may be used for practically 
all metals and alloys, as few contract more than 10 per 
cent. The moulds are strong enough to permit pressure- 
casting and are sufficiently porous to allow the escape of 
gases. The surface of the mould is smooth and has no 
chemical action, so that the casting is smooth and requires 
no machining. The moulds are particularly useful for 
the Stellite group of alloys (0-01 per cent. to 1 per cent. 
carbon, 6-0 per cent. to 30-0 per cent. chromium, and 
40 per cent. to 90 per cent. cobalt). A mixture of 60 per 
cent. kyanite and 40 per cent. sillimanite by weight is 
bonded by a solution of silicon ester, depositing colloidal 
silica and moulded around a wax pattern. The bonded 
refractory is then allowed to harden by evaporation and 
drying and is then heated slowly to allow the wax 
pattern to run from the mould. The temperature is 
then raised to convert the kyanite completely. The 
mould is then cooled to a temperature of 800 deg. C. and 
the metal cast into it. (Accepted May 10, 1946.) 


MISCELLANEOUS. 


577,401. Automatic Grain-Weighing Apparatus. 
W. and T. Avery, Limited, of Birmingham, and A. E. 
Page, of Birmingham. (1 Fig.) May 3, 1944.—The 
invention permits the speedy and accurate filling of a 
hopper with a predetermined weight of grain The 
supply of grain is contained in an overhead bunker a 
from which the grain can flow through a bottom outlet 
into a weight hopper b, mounted at one end of a weigh- 
beam. The grain flowing from the outlet falls into and 
through a pivoted tilting hopper c having an open 
outlet c!, and then passes through an intermediate 
hopper d into the weigh hopper b. The hopper c is 


Quartz Glass. 





























tilted by a lever e operated by a pneumatic cylinder g, 
controlled by the weigh-beam. The lever e moves the 
tilting hopper between the restricted-flow and free- 
flowing positions as the weigh-beam moves. In the 
restricted-flow position, the outlet c! is above a plate 
and some of the grain flowing from the hopper c lies on 
Plate j so as to form a seal when the plate is stationary. 
In order to obtain a reduced supply, the plate is vibrated 
by a shakér controlled by the weigh-beam so that grain 
is shaken into the hopper d until the weigh-beam moves 
to its final position and cuts off the supply. The plate jis 
mounted on a pair of leaf springs k, secured to the frame- 








work supporting the hopper. (Accepted May 16, 1946.) j 
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REINFORCEMENT OF 


BRANCH PIECES. 
By J. 8. Bruarr, B.Sc., M.I.Mech.E. 
(Continued from page 4.) 

As a result of these earlier tests, it became evident 
that the true function of a reinforcement is to hold 
in the curved part of the tube, which is inadequately 
constrained due to the hole cut in it, against the 
internal pressure tending to straighten it out. 
Previous reinforcements have generally been based 
on the assumption that it is necessary to replace 
the area of metal removed by a similar or greater 
area disposed more or less uniformly round the open- 
ing cut in the pipe ; and, in fact, often the basis of 
calculation of the reinforcement is simply the pro- 
vision of a sufficient area of metal, without dealing 


Fig.18. UNBALANCED TRIFORM (No.15) 





a A: 
-* 








(ea2s a) 





. Fig. 21. 





three shoes joined at their open ends, embracing 
both branch and barrel, as in the triform reinforce- 
ment (see Figs. 18 to 21, and 22 to 25, on this page). 
Such an arrangement not only derives additional 
strength from the fact that there are three shoes, but, 
since they are joined at their open ends, the complete 
arrangement has greatly enhanced strength com- 
pared with three unjoined horseshoes. Further- 
more, the arrangement of three horseshoes round 
barrel and crotches in this way leads to a more 
balanced type of loading and more symmetrical 
stressing in the pipe wall than could be obtained by 
means of a single clamp, even one of adequate 
strength. The unbalanced triform No. 18, in 
Table III, on pages 218 and 219, is similar to the 
45-deg. equal branch piece, No. 15, shown in Fig. 18, 
which is 6} in. outside diameter and } in. thick, 
except that the radial width of all shoes is reduced 





.o 1-8 in. and the thickness of the reinforcement is 


plied by the product of the bores of branch and 
barrel, that is, dd’(1 —S). The load W tons on 
this area is, of course, W = Pd d’ ——™), where Pis 
the internal pressure. For purposes of design, this 
internal pressure should be the pressure causing 
yield in a straight unbranched pipe ; thus, the com- 
bined strength of the three horseshoes must be such 
that they are just on the point of yielding when 
they are withstanding a total load W, tending to 
separate their ends. 

To determine the required dimensions of these 
horseshoes, it is necessary to know the strength of 
such short curved beams. Published theories seemed 
to vary so much that it was decided to carry out 
some actual tests on both horseshoes and rings of 
about the proportions considered reasonable for this 
work. Details of these tests will be given in 
Appendix II, and it is interesting to note that both 


Fig. 22. BALANCED TRIFORM (No.16) 



























Fic. 26. UNBALANCED TRIFORM REINFORCEMENT No. 15 UNDER 


TEST. 


with the very important question as to bow it is to 
be dis In other words, the reinforcement 
should be thought of, not as a mere addition of a 
certain area of metal, but as being in the form of a 
clamp to prevent radial movement of the unrein- 
forced area of the branch. Obviously such a clamp 
or support could be made in a variety of ways, the 
simplest consisting of a rod passing through the 
branch piece from side to side and suitably attached 
at its ends so that the pull in this rod is evenly dis- 
tributed over the area requiring support. Generally 
speaking, since such an arrangement obstructs the 
bore of the pipe, it is not feasible, although in certain 
cases it has been used successfully. 

An external clamp, since it must encircle the 
branch, would obviously require a great deal more 
metal to resist the same outward thrust, since the 
metal will be subjected to bending stresses instead 
of tension. None of the single or double horseshoe 
reinforcements previously tested has been of suffici- 
ent strength to withstand the outward thrusts, and 
it is doubtful whether any single-shoe arrangement 
can be made sufficiently strong to form an adequate 
reinforcement, since the resulting stress distribution 
is very uneven. The logical development is to use 





Fig. 27. Test Prece 


increased to 1} in. in the acute-crotch shoe, 0-8 in. 
in the obtuse-crotch shoe, and 0-75 in. in the 
barrel shoe. The balanced triform, No. 17, in 
Table III, is similar to No. 16, in Figs. 22 to 25, 
except that the radial width of all shoes is reduced 
to 1-6 in. The thickness of the shoes is the same 
as for No. 16. 

To design such a reinforcement, it is necessary 
first to know the load which the clamping horse- 
shoes are required to withstand at their open ends. 
It can conveniently be considered that the function 
of the clamp is to hold a certain area of the wall at 
the junction of the barrel and branch, since this area 
does not receive sufficient support from the sur- 
rounding material. It is as though a small area on 
either side of the branch piece had been cut out and 
its place taken by a stopper which is held in by the 
clamp. This area and the load on it can be obtained 
most easily from consideration of the pressure 
strength ratio of the unreinforced branch piece, 
since, in general, the reinforcement will require to 
supply strength sufficient to make good the differ- 
ence between the P.S.R. of the unreinforced branch 
and unity. In other words, if 8 is the P.S.R. of any 
branch, the area requiring support is (1 — S) multi- 


AS IN Fig. 26, aFTER BurRSTING IN BARREL CLEAR 
OF REINFORCED ZONE. 


|the horseshoes and the rings are much stronger 
than would be predicted from either simple bending 
theory or the more complex theories put forward 
for curved beams. This difference is so marked 
that it is considered that an empirical formula for 
their strength should be used, the following values 
being obtained from the test results :— 

For a simple horseshoe of mean radius R and with 
open ends, the concentrated load at the open ends 
which just causes yield is :— 

1-7 fy 

7 
atZ 
where f, = stress at yield point, A = area of cross- 
section, and Z = bending modulus. For a complete 
ring pulled across a diameter :— 

2-4 fy 

l R° 
2A +az 


W,= 





Wr= 


] 
When two or more horseshoes are joined together 
at their open ends so as to form a ring not in one 
plane, the strength is increased to 2-2 times that of 
the sum of the strength of the individual horseshoes, 
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7ARLe | Ill. INTERNAL-.PRESSURE TESTS. 
Test Piece. Dimensions and Details. 
| Barrel (Nomi-| Branch( Nomi-| Reinforcement. 
| nal Sizes). | nal Sizes). } ee 
; 
} Calcu- 
| | | lated Horseshoe Details. 
| | } | Branch | Press. 
} Rati ‘ee = ides cacadi -_ 
| . oo | l “Shoe A. » Shoe B. ‘Shoe €. 
_ 7: | Talek| ore. = Bore. | Angle.| — Un- a a see ee a iv * 
No. Description. | | ea. F nr Type. | Width | | eerec- | ; ie | | Bite a | Total 
| | “ | (All —, Thick-| tive | Lame’ tive | Weight. 
| shoe oea) Tae Load. | ‘ness. | Semi | 4°84: | ‘ness. | Semi | 184 ght 
| | } | | Major Major Major 
| | | ' | Axis. Axis. | Axis. 
|— — —_—_ , | | | —_—— —-- = — - _ - 
T. | @. | qd’. a B. {Sy or Sy. w. a | Xa. | Wa. | oe. Xs. | Ws.] tc | ac. | we. 
| In | In. | In. | In. deg. | _ -- In. “In. In, Tons. In. In. Tons.| In. | In. | Tons. | Lb. 
| | } 
Plain ( U norancned;. 7 
ery pipe we of | | | 
| tests) J 6 = | 1-0 1-0 
Unreinforced. ae, 2 pee  —. yar | 7 : ow 
| Equal branch pieces } } | 90 1-0 | 0-70 
(ranges from numerous | All sizes Same as barrel] 60 »» | 0-65 |—- | 
tests) ; : 45 » | 0-50 
Unreinforced. 5 i we wee z i ae a | J 
1 Unequal branches(lapweld)} 4& | 11% t 10 90 84 0-75 i - | 
2 os *» aw Pal seers a 60 is 0-68 — H 
| ie 2 ae pee Rie oe ee Ss 0-58 _ | 
4 ” ” * | 0-176) 6-148) 0-144) 4-212) 90 0-685 0-80 — - | iG | 
5 ee mf ja oa ia hoe Se 60 a 0-73 — — | } 
el ‘ - ae i x. oo i 0-66 = 24s - | - 
7 , (Seamless) Se A ; i me } — - | i—|- | 
—|——_ ——_— | | —_——_—__ | —_____ —— ———____—__— EE ———— = a — — — 
aie | | 
: tnforcements. | | 
8 | Single shoe a mine 2 Se ais 6 45 1-0 0-50 | Single sone in obtuse 2 0-50 (3-4) | - i_— - 4 
crote 
9 | Two shoes (light) ne a et oe 2% = ra Two crotch shoes on 0-50 “ -0) 4 - 0 50 7°8 (1-0) t 
10 » (heavy) “f 99 ae of +s 99 ” “Shwe Fe Se (6. 3) | } - 0-75 | ,, | (3-6) 13 
11 | Straps and gussets ae re es pe 2 Straps and Gussets.. 2 straps xl gusset in ac ute c rote h 3 in. x jin. 15 
12 |Compensating ring 7 2 Be 7% 90 0-70 | Compensatingring .. . — | | 19 
oe —— ' | | | 
13 a ngr vanes 3) . a) SS ae ee 90 os - i. | | 4 
14/ Strap. "| 5 0 | os : “4 a 4 nolding branchto| #¢ | } j } 8 
rre 
_ |... Ist Triforms. ; ‘ ek. | RR pe | i 
15 | Unbalanced .. an wm | € Fah | 6 45 1-0 0-50 perme (1 times | 3 0-53 3-25 | 13-6 | 0-50 | 3-0 | 13-5 [1-0 | 7-8} 16-1 32 
} req strength) } | j 
16 | Balanced | . jaa. Bo ie é Balanced (1} times re-| 2} 0:64 | 4-6 | 13-5 | 0-625) 4-25 | 13-6 | 0-84 4-6 | 17-7 29 
| quired strength) } 
17 ” (reduced) ..| ,, es ee ae » ” Balanced (reduced 1-6 ia m S41" 4 ok FOO | Goaw >, 7-6 l4 
, | | | width) | | 
18 | Unbalanced (reduced) ..| , | ns os Unbalanced (reduced 1-8 | 0-80 | 3-25 | 10-5 | 0-75 | 3-0)! 10-4 1-5 7-8 | 11-2 26 
| width) | } | 
Seale Models. ae 4 of he ee : 7 
19 | Bent ring. . | *%& | 11% t.a 4 86 0-632 | 0-81 | Bent ring 1p | O- oas| 5 5-0 | (3-6) — As shoe A 11 
= Ring and shoe (light) tte eo * bs Bent ring and barrel shoe as » | > * 5-4 | 0-625 11-5 3-0 As shoe A 19 
: avy)..| > os, | “She a . 1} 10:1'1-0 ! 55 As shoe A 35 
22 | Gussets and rings oe, oe o> J ss ae’ ioe je Gussets and rings 7 Two ati lk in. x $ in. round barrel, one ring 14in. x ¢in, 37 
round branch, and 10 gussets t in. thick. | \ 
2nd Triforms. # 7, } e : es, eee } $ a ‘ ne j 
23 | Equal branch $ Sit 2. © 90 1-0 0-70 | Three shoes (balanced) 1} 0-625) 4°25 5-4 | 0-5 3-0 5-3 | As shoe A 10 
24 ”» np - i aa 60 s 0-60 ig a 1-8 f- 4-0 7°3 As shoe A As shoe A 14 
Si} ss eel ee | within | @ “ 0-50 7 7 2 | 0-75 | 4-6 | 9-2 | 0-75 | 4-25 | 10-3| As shoe A 20 
26 | Unequal branch +} * 11 ts 7k 60 0-664 0-73 ” ye 1% 0-50 | 5-2 5-0 | 0-875) 9-25 5-8 | as shoe A 23 
PEE oi falas. pa Sok SR ASA emi! Wen a ech Ae PRRs ets ns Dace ae pa : 
Unreinforced ““Y” ” Pisces. | } | | | | 
27 | Equal... 6 3 fs 60 | 1-0 0-62 None ; — _ . - . . = 
28 = oud on | > cin et ome +0 30 ” 0-35 } { — - s: 
} a eS Ewa eee —— a _— = - = 
Reinforced “ ¥”” Pieces. | | | | 
29 | Unbalanced we ne t 6 t 6 60 | 1:0 0-62 | Threeshoes(unbalanced)| 2 0-594| 3-1 | 9-2 As shoe A | 0-504" 6-0 6:1 15 
30 | Balanced ’ es 99 * 7 oo | -_ ” Three reneieerwane, . Se 0-563) 4-1 7-4 As shoe A | As shoe A 14 
31 0 es Fe eee ane eke ey ia 0°34 id 3%] ., | 6-0 | 11-2 As shoe A As shoe A 32 
| : i ! | 











Notes on Table III.—{1) The calculated load (shown in brackets) of si 
(2) Where yielding of the reinforcement occurs after yielding of the tube, 
unity, although they occur, cannot be measured since the reinforcement is not fractured when the tube bursts elsewhere. Such values are, however, marked > 1. 


and observed results, the P.S.R. value is, wherever possible, taken as that at the yield point. 


(4) The expected load on the reinforcement is obtained from W = io uae 


le horse-shoes is taken as 45 per cent. of that of the triform joined type, and of double horse-shoes as 67 per cent. 
.S.R. values greater than unity are possible and are shown in the Table. 


In bursting tests, P.S.R. values greater than 
(3) in comparing the calculated 
Py 62 (1-8), (5) Calcu 


lated load on reinforcement provided : where the individual loads for each reinforcement differ by more than 10 per cent., the total load is considered to be half-way between the sum of the 
individual loads and three times the minimum load. In tests Nos. 23 to 26, the actual “ point of the material was 17-2 tons per square inch, but in all others has been taken = Sg tons 


per square inch. 


or the value for each horseshoe when joined to 
others is 
3-74 { v 


ate 


Wy = 


It should be remembered in this connection, how- 
ever, that the above formule, being empirical, are 
only strictly applicable to the sizes of horseshoes 
actually tested. While it is not considered likely 
that reasonable changes in, dimensions will very 
greatly affect the relationship, care should be used 
in calculating horseshoes outside the limits of, say, 
one third to three times as large as those tested ; 
that is, the above formule probably apply suffici- 
ently accurately within a range of 2 in. to 18 in. 
internal diameter, and with width to thickness 
ratios (w/t) of from 2to 8. Outside these limits some 
slight additional factor of safety may be advisable. 


(6) Load at which reinforcement yielded: this is Wy = 





Pyadd’(1 — 8) 
2240 

Tests on the horseshoes were carried out with con- 
centrated loads applied at the open ends of the 
shoes. In practice, when a horseshoe encircles a 
branch, the load will be more uniformly applied over 
the internal surface of the horseshoe, and it is 
assumed that the line of application of the load 
half-way between the centre of curvature of 

the horseshoe and its inner curved surface ; that 


~ 
is, at a point > from the centre of curvature of the 


horseshoe. The value of R used in the above 
formule then becomes 

_X+6 

=< 


In addition to the above assumptions, the follow- 
ing were used in calculating a preliminary series of 
reinforcements for test purposes. (a) The horse- 
shoes must alone be capable of withstanding the 


(7) Calculated P.S.R. after reinforcement : 


this is obtained from Sg = Sy + (1 — a5 = are 
outward thrust; that is, they derive no additional 
strength from the wall of the pipe to which they are 
welded. (b) The strength of the reinforcement 
should be made 1} times that actually required, to 
ensure adequate additional strength to cover con- 
tingencies. (c) The additional material added due 
to the welding of the shoes to the pipe will not con- 
tribute in any way to the strength of the horseshoes. 
The point of intersection of the ends of the shoes 
of a triform reinforcement can be arranged to fall 
anywhere inside the zone requiring reinforcement. 
In the case of unequal branches, if the ends of the 
shoes meet at the intersection point of the centre 
lines of branch and barrel, the three horseshoes will 
be of unequal size. Such an arrangement is known 
as an “unbalanced” reinforcement (see Fig. 18, 
page 217). By moving the point of intersection of 
the shoes approximately to the middle of the zone 
requiring reinforcement, the two crotch shoes can 
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TABLE III. INTERNAL-PRESSURE TESTS.—(continued). 





































































































Internal-Pressure Test Results. 
Test Piece, a aaa ———; see --——-—— — | Calculated and Observed Values at Y.P. 
At Yield Point of Branch Piece. | At Bursting Point of Branch Piece. 
Bid ot Lidestdie : * be : nahn | —— : a ee 
Pressure to Yield. Bursting Press. | Ex-. | Caleu- | Calcu- i 
peel Ao 3 | cted | ,lated Load at} jatea | Ratio 
| = ——_—___—___— pe Load of | which | pgp | Actual 
Tube | alee * os — Rein- Rein- after eG - 
— | Junc- | P.S.R lated | *rved from Rein- — —_ Rein- — 
pa tion from for for Burst- force- Pro- | Yielded.| @™°e- | P.S.R 
No Description. A Point. | Yield. | Position of Tube, | Branch | “ing. Position of ment. ided ‘| ment. pai 
Liders’ Lines. | Piece Bi ic il 
Point | | urst. 
Py Pra. | Sy. | Pur. | Pu. | Ss W. Wr. Wy. Se. | S1/Sr. 
aa ata LA = » a 
| ' 
Lb. per | Lb. per|  — Lb. per | Lb. per | sae 
sq. in. sq.in. | ai. | sq. in. Sens, | Deus. | oom. mg 
— Plain (Onbranched). ~~~ ne} : : vhs "2 Bee a 
—. ) Pipe (mean of | 3,200 ies, 1-0 | Parallel to axis of tube ..| 5,200 - 1-0 | Longitudinal split oan) re -- — ae 
mi ei | } | | 
= Unreinforced. | ns ae os ee whee Set ss ~ ae es | 
Equal branch pieces -- - | 0-6-0-8 | } f —- | = | 0-6-0-8 ot - ; o— 
(ranges from numerous - 0-5-0-7 | >Shoulder and/or face | 0-5-0-7 | Lace (or occasionally i - - = 7 
testa) a — 0-4-0-6 | J {| - | 0-4-0-6 |) crotch) | — sit 
g Onreinforced. | | Oe i aie "7 eae. od ae ae i | j i m i 
1 | Unequal branches (lapweld | 1,800* | 1,420 | 0-79 |) “| 2800 | 2,200 0-79 | } = i “ee z= 
2 o» r ? » | 1,000 | 0-56 | » | 1,850 0-66 | | “vl as Dae os a 
3 - - < ta ae 2 ee ; x | 1,230 0-44 | | —- |-— er 
+ ” ” - | 2,200* | 1,820 | 0-83 | > Shoulder and/or face 3,400 2,920 0-86 Face = -— 2s 2 2 is 
5 ra > - | S 2240 | 0-66 | ~— — — | — 
6] ‘ = 1,120 | 0-51 | | hs 2, | 0-59 _~ — | - — | > 
7 *” »” (seamless) | - _ _ - 2,150 0-63 J _ se ahw Piz 
ou ee ee = > a a ee ee eee a, Nets Ss SA |{——————_ ——____|_——__ — 
| Preliminary | | | 
Reinforcements. 
8 | Single shoe oe 3,200* | 1,500 | 0-47 | Shoulder .. - ..| 5,200 2,700 0-52 Face to acute shoulder... _ -_— Fs — | - 
sig 
9 | Two shoes (light) .. » — | - Crotch 3,400 | 0-65 | Crotch : — — ~~ — 7 
10] oe (heavy << ame [3,000] | [0-94] | Face * 94s 3,600 | 0-69 | Face me és i Me i, Tee ~ 
11 | Straps and gussets .. a | _ Opposite branch . . oid td 3,250 | 0-63 Opposite branch... <a ~ > - Po eee! 
2 | Compensating ring 5,200° | 3,700 | 0-71 | Lower face Js ..| 8,750 8,750 1-00 Lower face .. ae - . | - } ~ - 
(American data) | | | 
13 | Compensating ring (CK 3) | 3,700 2,900 0-78 | Face = - .-| 5,200 4,800 0-92 | ” - > St ewe — 
14 | Strap ee i :.| 3,900¢ | 2'700 | 0-69 | Crotch and branch 5,700¢ » | 0-84 | Croteh — — | — | 


lst Triforms. | 











shoulder | 
























































15 | Unbalanced ..| 3,600 5,200 | 1-44 | Barrel and branch (axial) 5,300 | 1-00 Barrel 25-7 | 41-9 41-8 1-32 1-09 
| | } } 
16 Balanced si ” * } 1-44 Barrel (axial) <i je _- 5,200 |>1-00 = ma 42-7 41-8 1-33 1-08 
a» | | | 
i | ” (reduced) ..| 3,400 | 3,000 | 0-38 | Barrel and branch -.| 5,200 4,600 0-89 | Leaks at weld ve on * 18-4 | 24-1 0-86 1-01 
. | | | 
18 | Unbalanced (reduced) . 3,200 | 4,200 | 1-31 | “ » (axial) | — 5,200 |>1-00 Branch me 82-1 | 33-8 | 1-11 | 1-18 
me ees ees Teel Te | - 
Scale Models. | | ter Ue Fees! G i Sap 
19 | Bent ring .. = ..| 1,900 | 1,500 | 0-79 Upper face, near weld 2,900§ | 2,600 0-90 Upper face 14°3 8 — = 
20 | Ring and shoe (light) ? 2,100 | 1-10 | Barrel (axial) iy == 2,900 |>1-00 - ae 4 11-4 | 15-8 0-96 1-15 
21 |» »» (heavy) ..| 2,000 2,200 | 1-10 a a as rf . pes = >1-00 ed ad ee sag o 21-1 | 16-6 | 1-09 1-01 
22 | Gussets and rings .. ‘| eo | 1,700 | 0-85 Crotch near weld . 7 2,900§ | 2,600 0-90 Barrel end of gusset a6 - v —_ 
| 
2nd Triforms. | oe 4 Sap = ne me, oi a irovres CE le u ean — 
23 | Equal branch | 3,800 | 4,600 1-21 | Barrel and branch (axial) — 5,200 |>1- Barrel 15-4 18-5 22-1 | 1°06 1-14 
2 » | 3,600 3,900 1-08 | Barrel(axial) .. # — | 5,100 |>1-00 ‘ is 20-6 25-2 25-1 1-09 | 0-99 
= - ’ gx = ie | 3,900$ | 1-08 Branch (axial) .. ..| 5,200 4,950 0-95 At junction weld 25:7 | 32-4 31-3 1-13 0-96 
26 | Unequal branch .. ..| 1,900 | 2,300 1-21 Barrel and branch (axial) | 2,900 2,700 0-93 wa - 21-4 | 17-7 25-9 0-95 1-27 
= Unreinforced “P" Pieces. ois 3 : | | = agiers 2 rs Bs oe ak 
27 | Equal ; 3,100 1,950 | 0-63 | Branch face and shoulder | 5,200 | 3,400 | 0-65 Crotch 19°5 - = — sad 
2/ », Sa - :.| 3.200% | 1,100 | 0-34 | i ts: ze 2,400 | 0-46 | Face 33-9 — ~ _ 
i. "Sa a ie ee Obl VE Se Lee ees BOE MR I She oy 
29 | Unbalanced © ..| 3,300 | 4,000 | 1-21 | Branch(axial) .. ..| — | 4,900 -|>1-00 | Main pipe 19-5 21-9 24-4 1-05 1-15 
” | Balanced .. a6 ..| 3,200 3,500 | 1-09 | Main pipe (axial) ‘“ — | 5,500 |>1-00 9 - 22-2 21-3 : eed 
, 77 Crotch 33-9 33-6 31°8 ; } 1- 
| 


1 | o° Loy a ..| 3,000 


3,000 | 1-00 [ a ..| 5,200 | 4,000 | 0O- 


{ 








* Calculated. 


be made of equal size, such an arrangement being 
known as a “balanced ”’ reinforcement (Fig. 22). 
At first sight it may seem that the balanced type 
leaves a vital part of the reinforced zone uncovered 
by the shoes. Further consideration will show, how- 
ever, that it is actually better placed from the point 
of view of supporting the area than the unbalanced 
type since tests indicate that bursts occur in the 
middle of the area requiring reinforcement rather 
than near the point of intersection of the centre lines 
of branch and barrel; see, for example, Figs. 4 and 
5, on page 1, ante. In the case of equal T-pieces, of 
course, there is no difference between the balanced 
and unbalanced types. Unequal T-pieces, if of the 
balanced type, will have their intersection point so 
arranged that the crotch shoes bisect the angle 
between branch and barrel, each being at 45 deg. to 
the centre line. The essential feature about the 
balanced type of reinforcement, therefore, is that 
the two crotch shoes should be equal, and that the 
one in the acute angle should bisect that angle, thus 
making for the best possible welding conditions on 
either side of this crotch shoe. 
Similarly, in the case of symmetrical Y-pieces, the 


+ Higher Y.P. = 22 and U.S. = 31 tons per sq. in. 





two shoes not in the common crotch will always be 
alike whether the reinforcement is of the balanced or 
unbalanced type ; but, with the balanced type, the 
intersection point of the shoes is moved to such a 
position near the middle of the reinforced area that 
all three shoes are alike. Both balanced and un- 
balanced reinforcements were tested, with various 
dimensions of shoes when applied to 45 deg. angle 
branches, and to Y-pieces; but the results, as can 
be seen from Table III, indicate no appreciable 
difference between the two types, and, since the 
balanced type is the more economical of material as 
well as having a neater appearance, it was decided 
that in future designs this type should be used. 

The aim in making triform reinforcements should 
be to make the three shoes each capable of with- 
standing one third of the total load. This is not, 
however, essential to the design, and an “* unequally 
loaded ” design is one in which the individual shoes 
are capable of withstanding different loads. Such a 
design should be avoided, particularly in cases in 
which the shoes have greatly different strengths, 
since complications may arise through unequal stress 
distribution. On the other hand, it is frequently 





t At 3,000 on faulty weld. 





§ Lower tensile (26 tons per sq. in.). 


difficult, when using commercial thicknesses of plate, 
to ensure that the three shoes have exactly the same 
strength, and, provided that the calculated load for 
the strongest shoe is not more than about 10 per 
cent. greater than that for the weakest, the total 
effect may be considered as the sum of the three. 
On the other hand, if the differences between the 
horseshoes exceed this amount, it is probably advis- 
able to make some allowance for a reduction in 
strength arising from the unequal loading, by assum- 
ing the total effective load to be half-way between 
the sum of the individual loads and three times the 
load for the weakest shoe. 

The first series of tests, which were carried out 
on triform reinforcements on 45-deg. equal branches, 
6} in. outside diameter and } in. thick, were based 
on the assumptions mentioned previously, which 
were later found to require some modification. 
Four reinforced branch pieces were made up, two 
of the balanced type and two of the unbalanced 
type. It was assumed that the three horse-shoes 
would require to withstand a load of approximately 
30 tons (in fact, later calculations, with more correct 
assumptions, showed this load to be 26 tons) and 
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Fic. 28. Batancep TrirorM REINFORCEMENT No. 16 at YIELD 


PRESSURE. 





Fic. 30. Batancep TriFoRM REINFORCEMENT 
(No. 17) Repucep 1n RapiaAL THICKNESS AFTER 
FaILure. 


the horseshoes were given an additional strength 
factor of approximately 1} to allow for contin- 
gencies, so that they were made capable of with- 
standing 45 tons, that is, 15 tons each. 

The results of the tests are shown in Table III, 
and Figs. 26 to 30, on this page and on page 217, 
show various stages in the testing. It was obvious 
after the first two tests that these reinforcements 
were far stronger than was necessary, since the test 
pieces burst well clear of the zone requiring reinforce- 
ment, while the reinforcement itself only began to 
yield practically at the bursting pressure. As a 
result, the remaining two test pieces were reduced in 
radial width by cutting off the outer part of the horse- 
shoes by an oxy-acetylene cutter. This made them 
capable of withstanding approximately 19 tons in the 
one case and 32 tons in the other. It is interesting 
to note that, as is to be expected, the former was 
insufficiently reinforced, yielding occurring at a 
P.S.R. of 0-88, whereas the latter was adequately 
reinforced, thus confirming that a reinforcement of 
approximately 26 tons total strength was required. 

A noticeable point about these tests was that the 
first Liiders’ lines to appear were of axial type on 
the barrel and on the branch, except in the first 
** reduced ”’ reinforcement, in which, due to insuffi- 
cient reinforcement, the Liiders’ lines were of the 
usual crossed and curved type which occur in the 
case of an unreinforced branch. In fact, so distinc- 
tive is this difference in the pattern of the lines that 
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it is immediately possible to tell whether the rein- 
forcement is adequate from a study of the first lines 
to appear. Subseqient tests to yield point and 
bursting invariably confirmed the indication of the 
first Liiders’ lines. 

By noting the pressure at which Liiders’ lines 
first appeared on the reinforcement, as compared 
with the pressure at which they first appeared on 
the barrel or branch, it was possible to make an 
estimate of the P.S.R. of the reinforced zone and 
hence of the additional strength of reinforcement 
actually supplied over that really required. It will 
be remembered that a 50-per cent. allowance had 
been made in these cases, and, in fact, the indication 
from the yield points of the reinforcement and of 
the barrel in the first two cases was that the shoes 
were 49 per cent. and 52 per cent. stronger than was 
necessary. Obviously, no such check is possible 
after the pipe has burst. A similar method applied 
to the other two test pieces indicated that the first 


Fig.32. RING & SHOE (LIGHTKNo. 20) 
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reduced reinforcement was only about 70 per cent. 
of that which should have been applied, while the 
second one was still 24 per cent. stronger than was 
necessary. 

As a result of the first triform tests, the design 
of such reinforcements was reconsidered and the 
following points were noted. (a) It was unnecessary 
to allow additional strength in the horseshoes to 
cover contingencies. Although such addition might 
be useful to make sure of being on the safe side in 
special cases outside the range dealt with here, 
in future tests the horseshoes should be made no 
stronger than was calculated to be strictly neces- 
sary. (6) The effective radial width of the horse- 
shoes may be taken to include the thickness of the 
tube to which they are welded. 

Shortly after the first triform tests had been 
carried out, and before an adequate design basis 
had+been established, it became urgently necessary 
to design a reinforcement for a large hydro-electric 
branch piece having a barrel 504 in. outside diameter 
and a branch 31} in. outside diameter at an angle 
of approximately 86 deg. At this stage, very 
incomplete data were available with regard to the 
design of the horseshoe reinforcement, but the first 
tests had indicated that the reinforcement then used 
was far too strong. Four types of reinforcement 
were suggested for this large branch piece, as follows : 
(a) a curved ring (substantially, two horseshoes) 
encircling the branch, but without the third horse- 
shoe round the barrel; (b) the same bent ring, but 
with the addition of a shoe encircling the barrel, 
i.e., practically a triform; (c) similar to (6) but 
with heavier section horse-shoes ; (d) an elaborate 
system, consisting of flat plates encircling both 
barrel and branch and connected by gusset plates. 

It was decided to carry out quarter-scale tests on 
these reinforcements, details of which are shown in 





Figs. 31 to 33, herewith. The results of these 
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tests are included in Table III and the appearance 
under test is shown in Figs. 42 to 45, on page 228. 
It will be seen that the bent ring (two horseshoe) 
type, which is No. 19 in Table III, while adding a 
certain amount of reinforcement, gave a P.S.R. of 
0-9 and failure occurred in the reinforced zone. 
The light triform arrangement (No. 20 in Table III) 
shown in Fig. 32 burst at the same pressure as that 
calculated as necessary to burst the straight pipe ; 
and, what is perhaps more important, yielding 
occurred first in the barrel, clear of the reinforcement, 
indicating that it was of adequate strength. The 
actual fracture, however, occurred in the reinforced 
zone and appears to have been localised there to 
some extent, jue to somewhat inadequate welding of 
the three horseshoes together at their junction point. 
There seems no doubt that, had sufficient attention 
been paid to making a really satisfactory weld at 
this point, bursting would have occurred clear of 
the reinforced zone. The similar, but heavier, 
reinforcement (No. 21 in Table ITT) was adequate, 
failure occurring clear of the reinforced zone. No. 
21 was similar to No. 20, except that the shoes were 
1 in. thick and 1} in. wide. 

The fourth type (No. 22 in Table III), shown in 
Fig. 33, in spite of its elaborate nature and the 


very large amount of metal involved, showed a_| 


P.S.R. of only 0-9, the low value being due to 
stress concentration at the point where the gussets 
met the barrel. The gussets undoubtedly reduce 
the strength of this reinforcement; but, in ‘any 
case, the design is unnecessarily complicated, and 
a correctly designed triform reinforcement would 
require only about half the amount of added mate- 
rial, as well as being more efficient and involving 
much less welding. In this model, the hoop ring 
was 1} in. wide and }$ in. thick, and was stiffened 
by three axial ribs, } in. thick, on each side of the 
branch. The two horseshoes round the barrel 
were 1} in. wide and $ in. thick, and were joined on 
each side of the barrel by two stiffeners } in. thick, 
as shown. 

As a result of these tests, and the subsequent 
development of the triform reinforcement (in 
particular, the method of joining the shoes together) 
& reinforcement was designed for the full-sized 
branch piece, and also two other similar ones. These 
reinforcements involved, in the case of the branch 
piece for which the model tests were made, the use 
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of two crotch horse-shoes, 6 in. wide (radially) and 
24 in. thick, and, for the barrel shoe, a radial 
width of 7 in. and thickness of 24 in. It should be 
noted that in this case, due to lack of space, the 
| radial width was not the same for all shoes. The 
working pressure for this branch piece was 596 lb. 
per square inch and it was subjected to a static 
test of 895 lb. per square inch—that is, 50 per cent. 
more than the design pressure—and under these 
conditions showed no sign of yielding or defects. 
Fig. 46, on page 228, shows this reinforced branch 
piece, and Fig. 47, on the same page, one of the 
| others mentioned above. 





| series of tests was carried out and, at the same time, 
|a check of the actual load sustained by the first 
| triform and the scale model reinforcements (when 
| calculated on the new basis) was made. These are 
given in Table ITI, from which it will be seen that 
the agreement between actual and calculated loads 
is reasonably good except in the case of one of the 
reduced reinforcements ; perhaps due to somewhat 
rough cutting of the shoes, with consequent un- 
cartainty as to their exact width. 

The second triform reinforcements were designed 
| without extra strength allowances; that is, the 
strength of the shoes was exactly the same as that 
calculated to be necessary to withstand the required 
load. Four types of reinforced branch pieces were 
used (Figs. 34 to 37, on this page), the first three 
being equal branches 64 in. outside diameter and } in. 
thick, at 90 deg., 60 deg. and 45 deg., respectively, 
their numbers in Table IIT being 23, 24 and 25 ; and 
a fourth, No. 26 in Table III, an unequal 60-deg. 
branch having a barrel and branch 12} in. and 8} in. 
outside diameter, respectively, and ¥ in. thick. 
All the reinforcements were of the “ balanced ”’ type, 
the junction point of the horseshoes being in the 
middle of the reinforced zone. 

These tests were all satisfactory, yield occurring 
in all cases in the barrel or branch well clear of the 
reinforced zone (Figs. 48 and 49, on page 228). In 
two cases, bursting also occurred in the barrel well 
clear of the reinforced zone, but in the 45-deg. equal 
branch and the 60-deg. unequal branch, unfortun- 
ately, failure occurred by breakage of the weld at 
the junction of the horseshoes. The strength of 
the reinforcement was from 1-21 to 1-08 times as 








great as that of the barrel at the yield point. This 


As a result of the above considerations, a further | 
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is partly due to the fact that, while the calculation 
was made on the assumption that the yield point 
of the material of the shoes was 15 tons per square 
inch, it was found that the yield point of the material 
actually used was about 17-2 tons per square inch ; 
the final P.S.R., therefore, should have been about 
5 per cent. greater than that originally calculated. 
The corrected values are given in Table ITI. 

| As a result of these and previous tests, it was 
| considered that the basis for the reinforcement had 
| been adequately established and that, for purposes 
of calculation, the last assumptions should be con- 
sidered as correct. It was obvious, however, that 
more attention would have to be paid to the junc- 
tion point of the horseshoes. As welding at this 
point was somewhat difficult if the three shoes were 
merely welded together at their ends, as in the first 
test pieces, a flame-cut solid Y-shaped centre-piece 
had been used in later tests. This also did not 
appear to be a satisfactory arrangement and it was 
decided in future to use a round bar standing out 
from the surface of the branch piece, the three horse- 
shoes being welded to this bar, as can be seen from 
Figs. 38 to 41, on this page, which also shows the 
earlier types. This arrangement allows more satis- 
factory welds to be made, and gives a larger junction 
point, transferring the load more uniformly to the 


i t. 
seietapsemnans (To be continued.) 
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C.-E. A. WiInsLow and M. H. McCrapy. John Wiley 
and. Sons, Incorporated, 440, Fourth-avenue, New 
York, N.Y., U.S.A. 
Hall, Limited, 37, 
[Price 27s. net.] 
THE first edition of this book was written by 
Prescott and Winslow in 1904 to provide a text-book 
for students undergoing a special course in the 
bacteriology of water and sewage at the Massa- 
chusetts Institute of Technology. Successive editions 
appeared in 1908, 1913, 1925 and 1931. The present 
edition has been produced with the co-operation of 
Mr. M. H. McCrady and is considerably enlarged to 
include information on the collection of samples, the 
detection and examination of coli-form organisms, 
and an instructive review of the more recent litera- 
ture on water bacteriology. Almost every aspect 
of the part played by bacteria in water is dealt with, 
but special stress is laid on the sanitary aspect. 
About the end of last century, a bacteriological 
examination of water included counts of organisms 
growing at ordinary temperature and at blood heat, 
and an enumeration of organisms which liquefy 
gelatine and those which do not. Since that date, 
there has been a large development in the technique 
of bacteriological examination of water and, at the 
present time, considerable stress is laid upon the 
study of the coli-form group of bacteria; in fact, 
over one-third of the book is devoted to a study of 
present information about this group of organisms 
and their significance as indices of pollution. The 
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work in the United States of America and Canada, as 
well as in Europe and Australia, and a most excellent 
bibliography gives ample references to the work 
which has been carried out. Besides enumerating 
and critically examining all this work the authors 
summarise it and place it in proper perspective, 
which their experience and official positions qualify 
them in an exceptional degree to do. 

The book is not a mere text-book on water 
bacteriology, but, in its 13 chapters, provides a 
manual which brings up to date the knowledge of the 
subject. Clearly, further advances are to be 
expected and the book is most stimulating to anyone 
who is prepared to take up the subject and increase 
existing knowledge. Commencing with the con- 
sideration that bacteria in water are either indigen- 
ous or adventitious, the book expounds the public- 
health aspect of water bacteriology, but recognises 
throughout that a bacteriological examination of 
water should be correlated with a topographical 
survey of its source. The four chapters relating to 
the coli-form group of organisms, which are normally 
inhabitants of the intestinal tract of man and many 
other animals, and which have a very close associa- 
tion with pathogenic organisms, show very clearly 
the significance of this group. Specific disease germs 
are difficult to isolate from water unless they are 
fairly numerous and, of course, water may be grossly 
polluted with sewage without any specific disease 
germs being present. All sewage-polluted water, 
however, is potentially dangerous because, where 
fecal matter exists, these germs are at any time 
likely to appear. The organisms of the coli-form 
group, while not dangerous in themselves, are 
indices of the probable presence of disease germs, 
derived from patients or carriers. The work of the 
past 50 years has done much to increase knowledge 
of this group of isms, which, at one time, were 
included in the description B. coli. There are many 
types of B. coli and it is the function of the water 
bacteriologist to say whether the organisms found 
are of intestinal origin. This is accomplished by the 
use of special nutrient media, all of which are very 
carefully discussed in Chapter VI. Statistical 
science has been applied to the interpretation of the 
results of bacteriological examination of water, and 
it is quite a complicated matter to determine the 
most probable number of intestinal organisms pre- 
sent in a sample of water. How thisis done is very 
ably set out in an appendix to the book. 

There are other bacteria than those of the coli- 
form group found in water; some of these may 
have been derived from an intestinal habitat and 
our knowledge of them, especially Streptococci, is ably 
summarised in Chapter X, in which also the methods 
of isolating pathogenic organisms from water are 
included. Chapter XI onthe significance and 
applicability of the bacteriological examination 
deserves special note. It correlates the results of 
the bacteriological examination with sanitary 
chemical analysis and a topographical inspection of 
the source of supply. The problem of standards, 
which has received more official recognition in the 
United States than in this country, is set out at 
some length and the bacteriological examination of 
swimming pools and bathing places is also dealt 
with. The two last chapters, on the bacteriology 
of sewage and sewage effluents and the bacteriolo- 
gical examination of shellfish, include the most 
recent information on these subjects, but it is clear 
that this knowledge is not so advanced as that of 
the bacteriological examination of waters to be used 
for drinking supply. 

An excellent bibliography enables the reader to 
refer to original work, and it is pleasing to note that 
the valuable contributions of Sir Alexander Houston, 
in this country, have been fully recognised. As 
already stated, the book is written in a very stimu- 
lating manner and presents the results of the latest 
researches on the subject with which it deals. The 
authors are to be congratulated on the accomplish- 
ment. of a very difficult task. Their book will serve 
as a work of reference for the laboratory worker 
in the application of bacteriological technique, and 
for all investigators who, in the future, will improve 
and extend these techniques. It is to be thoroughly 
recommended to all those who have to judge the 
quality of water proposed to be used as a drinking- 
water supply. 


THE FUEL PROBLEM.* 
By W. B. Kennepy, M.Inst.Fuel. 

THE field of atmospheric pollution and smoke abate- 
ment is so extensive that it is necessary to direct my 
remarks principally to those aspects of smoke abatement 
work which deal with steam raising and heating plant, 
and arrangements for domestic cooking and heating. 
In consuming coal, we are living on our capital and 
necessarily polluting the atmosphere. Consequently, 
it behoves all planners to give due consideration to the 
practicability of utilising other sources of energy, such 
as water power, tidal and wind power, which, being 
constantly renewed, are a form of national income, and, 
in addition, cause no pollution of the atmosphere. As 
regards hydro-electric installations, Scotland is the only 
area in these islands where water is used on a large 
scale for this purpose, and it has been estimated that 
there is ample scope for the output to be increased more 
than six times the present figure of a million kilowatt 
hours generated per annum. In regard to wind power, 
there is a trial windmill of 1,000 kW capacity erected in 
America and feeding the mains of the Central Vermont 
Public Service Corporation, and one would consider 
that there is scope for the provision of similar plant on 
suitable sites in Great Britain. Regarding tidal power, 
it is estimated that the Severn Barrage scheme would 
give 2,190 million units per annum during the first 
15 years, at an average cost of 0-209d. per unit and 
paying 3 per cent. interest on capital. This energy is 
equivalent to one million tons of coal per annum, at 
present efficiencies. Claims have also been made that 
it is possible to construct other tidal-power plants, with 
their respective capacities as follows: at Morecambe 
Bay, 253,000 kW ; River Humber, below Hull, 173,000 
kW ; River Humber, above Hull, 68,000 kW; River 
Mersey, above Liverpool, 152,000 kW ; and the River 
Dee, 141,000 kW. The present need for renewals of 
plant, reconstruction of works, reconditioning and erec- 
tion of new houses, provide opportunities for improving 
the utilisation of fuel in this country that may never 
recur. 

In a recent analysis, an industrialist claimed that 
80,000,000 tons of coal could be saved each year. The 
greatest economy, 37,500,000 tons, could be derived 
from the better generation and use of power, a large 
saving of 23,000,000 tons would result from the better 
use of domestic fuel, and improved efficiency in indus- 
trial heating would save 11,700,000 tons a year. The 
significance of such economies and increased efficiencies 
is very evident when we remember that an average of 
5 per cent. of the coal we burn passes into the atmo- 
sphere. On the 1938 coal consumption, we burned 
180,000,000 tons ; therefore, nine million tons passed 
into the atmosphere. Three million tons of this is solid 
matter and two million tons of this solid matter is in so 
fine a state that it does not settle to the ground by 
gravity. There is an average of three tons of SO, pro- 
duced for every hundred tons of coal burned, giving a 
total sulphur dioxide emission of 5,400,000 tons in 1938. 
The reduction in consumption of 80,000,000 tons of coal 
would reduce the atmospheric pollution from nine 
million to five million tons, and probably much below 
this because of the higher combustion efficiency. The 
SO, emission would be reduced from about 5,400,000 
tons to 3,000,000 tons. The total consumption of coal 
by steam locomotives in Britain during 1929 was ap- 
proximately 13-4 million tons. If the railways were 
electrified, and assuming a coal consumption of 1 -43 Ib. 
of coal per kilowatt-hour, the total coal required would 
be about 3-65 million tons, so that the net saving of 
coal would be about 9-75 million tons per annum. 

About 50 per cent. of the total coal used for steam 
raising is burned under cylindrical boilers, and less than 
half of these boilers are mechanically fired. With hand- 
firing, the continually opening furnace door causes 
irregular admission of air, with consequent inefficiency, 
but it should be remembered that hand-firing has a 
special advantage in that it can be adapted to the type 
of fuel in use. In fact, instances have occurred where 


mechanical stokers have had to be removed because |B 


they could not cope with the variations in quality and 
grade of the fuel. Chain-grate stokers are very flexible 
over a large range of coals and allow a high degree of 
control, but owing to the mechanical difficulties in- 
volved, little progress has been made in their adaptation 
to small boiler plant. Concerning the significance of 
different types of combustion chambers to smoke abate- 
ment, the ideal chamber is one in which the combustion 
gases are adequately mixed at a temperature above 
their ignition point and in which there is adequate 
volume to allow combustion to be completed before 
the gases contact any cooler surface. Many types of 
vertical boiler have inadequate combustion space and 
cannot meet heavy steam demands without causing a 
smoke nuisance. In some cases, the nuisance has been 

* Paper entitled *‘ Atmospheric Pollution, with Parti- 
cular Reference to the Domestic Problem,” read at a 
Conference of the Sanitary Inspectors Association, 
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remedied by the provision of underfeed stokers below 
the normal firegrate level, thus increasing the combys. 
tion space. 

Due to the shortage in fuel supplies, two grades of 
smokeless fuel have come into more common use for 
steam raising during the past few years. In many cages 
the limitations of these fuels, coke and coke breeze, haye 
only been recognised after bitter experience of bej 
unable to cope with heavy steam demands, and in other 
cases by causing a public nuisance by grit emission jn 
the vicinity. More successful results have been ob. 
tained by using mixtures of bituminous fuel and coke jp 
varying proportions, depending on the load and the 
characteristics of the coal. Except in cases of ample 
boiler power with low and steady demand, most users 
revert to bituminous fuel at the first epportunity, due 
to the relatively high price of coke, combined with its 
limitations in combustion. ‘The use of dry slacks and 
fines has greatly increased during the last few years and 
has created much difficulty. There is a high ash con. 
tent, the lower calorific value and the resistance of the 
fuel bed to primary air flow causing the fireman to do 
all he can to increase the rate of combustion by exces. 
sive “‘ working ” of the fire, which, in turn, increases 
smoke emission, fuel loss in the ashpit and possibly dust 
or grit nuisance and clinker trouble. In short, the 
problems involved in the application of fine dry slacks 
to ordinary industrial plants have not yet been solved. 
So far as grit emission with pulverised fuel is concerned, 
it appears that with existing plant, electrical engineers 
prefer a coal with an ash content below 7} per cent. 
Ash becomes a major difficulty at 13 per cent. and 
quite undesirable at 20 per cent. 

In addition to the significance of low-grade fuels, 
other factors which contribute to inefficiency and smoke 
emission from steam-raising plant must not be over- 
looked, for example, deliveries of coal may vary both 
in quality and grade, and under present labour condi- 
tions the firemen may be careless or unskilled. Varia- 
tions in quality cause him great difficulty. Watching 
the boiler pressure decreasing, he tries all sorts of 
methods to restore it to normal, ignoring, or not having 
time to think of, smoke production. In my experience, 
there is a general lack of interest on the part of manage- 
ments in boiler-house efficiency and little incentive for 
a fireman, apart from reduction in his own labour, to 
reduce his employer’s fuel bill. With some notable 
exceptions, any type of instrument which might assist 
in maintaining efficiency is absent. This is most 
apparent in small-scale steam raising plant, where the 
management has no knowledge of or interest in fuel. It 
is hardly necessary to refer to the advantages, from the 
smoke-abatement angle, of the use of oil fuel. At the 
same time, it is necessary to remember that this fuel 
can cause serious smoke nuisance where there are faulty 
atomisation, unsuitable burners, incorrect air admission, 
and unsuitable design of the furnace. Also, if water 
obtains access to the oil tank, heavy smoke emission 
may be caused. It is interesting to note that the 
Minister of Fuel and Power recently stated in the 
House of Commons that he is anxious to facilitate the 
greater use of fuel oil in industry, that ample supplies 
would be available by the end of the year, and that the 
Chancellor of the Exchequer would be asked to remove 
the heavy oil duty, if necessary. 

Regarding smoke from the domestic coal fire, it has 
been estimated that in 1938, this was responsible for 
the emission to the atmosphere of over one million 
tons of smoke and the equivalent of one and a half 
million tons of sulphuric acid ; or, in other words, one 
half of the total smoke and one-fifth of the total 
sulphur dioxide produced by the combustion of coal 
in this country. It seems illogical, therefore, to con- 
centrate attention on the industrial chimney and 
ignore the remaining half of the national smoke emis- 
sion, especially as the smoke from the domestic chim- 
ney, besides being more objectionable owing to its 
tarry nature and the low level of emission, is steadily 
carrying the fouling of the atmosphere into rural areas 
as the towns gradually extend. For the year 1938, 
estimates of the domestic-fuel consumption in Great 
ritain are as follows :—bituminous coal consumed 
raw, 49-2 million tons; anthracite, 1-2 million tons ; 
coal as used in the manufacture of gas and coke, 
7-4 million tons; and coal used for the generation of 
electricity, 4-1 million tons; giving a total of 61-9 
million tons. On heating bituminous coal between 
300 deg. and 500 deg. C., tarry hydrocarbons giving 
smoke its brownish colour are evolved, but at 600 deg., 
if mixed with sufficient air, ignition of the volatiles 
occurs. Thus, anything chilling the hydrocarbons 
prevents ignition, and if flame impinges on a relatively 
cold surface, or if there is an insufficient air supply, 
incomplete combustion occurs with deposition of soot 
and emission of dark smoke. In the normal open fire, 
conditions tend to prevent or extinguish flame, both 
by surroundings and uncontrollable supplies of air; 
consequently, a great proportion of the volatile matter 
may pass off unburned into the atmosphere and it is 
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estimated that the efficiency of the. average open fire 
is between 15 and 25 per cent. 
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s0QIL CONSERVATION IN CANADA. 


War against the encroachment of the desert is 
never-ending. In former times, conservation and irri- 

tion schemes were fairly efficient, considering that 
the digging of ditches and the building of terraces had 
to be done by hand, but unless the world is to resort 
to soilless culture of crops, a strong effort to combat 
erosion should now be made, using all the knowledge 
and resources of modern science. The population of the 
world has increased from some 465 millions in the 
middle of the Seventeenth Century to about 2,200 
millions at the present time. This implies an enormous 
demand on every year’s crop of grain, vegetables, live- 
stock fodder, and all the other things which contribute 
to human food. The destruction of resources—and 
there is no more important resource than the 8 in. or 
10 in. of top soil—is an injury with wide implications, 
and the response now made to the demand for conser- 
yation will make the difference between adequate food 
and famine in the next few generations. 

In a statement, entitled ‘‘ Conservation of Soil,” 
issued recently by the Royal Bank of Canada, Montreal, 
it is pointed out that, while the tragic history of a few 
decades has focused attention on sections of the Cana- 
dian West, the need for preservation and restoration in 
Eastern Canada is also pressing. The ‘ Garden 
Province’’ is being washed away, little by little. 
Workmen had to go through 90 ft. of mud to reach a 
solid foundation for bridge piers at Charlottetown, 
Prince Edward Island, and this mud was once the fertile 
top soil of the soepqpoving acres. In New Brunswick, 
it is reported that one week of high water in the Saint 
John River carries down as much silt as would cover 
more than 3,000 acres to a depth of 1 in. Ontario is 
exercised because not only are good agricultural lands 
being swept away, adding new devastation to the 
abandoned lands which should never have been opened 
to agriculture, but rivers are being spoilt because silt 
is injurious to fish life. Quebec has set aside a ten-year 
fund of ten million dollars to be spent on approved 
schemes of land utilisation. 

Since the first period of settlement of the Canadian 
West, there have been many difficulties, but none 
greater than drought and erosion. Before the land was 
tilled, three reports had been made, the first being 
that of Captain John Palliser in 1857. He reported 
unfavourably, outlining ‘‘ arid plains” extending in a 
triangle based upon the United States border, running 
from points near Brandon and near Waterton Lakes, 
to an apex near Saskatoon. Basing his opinion on 
the climate, the soil and the lack of fuel, Henry Y. 
Hind, an English geologist, confirmed Palliser’s opinion. 
Fifteen years later, in a period of heavy rainfall, John 
Macoun reported enthusiastically to the Dominion 
Government, stating that there were 200 million acres 
suitable for agriculture, this being about half the 
total area of what are now the Prairie Provinces, and 
settlement followed rapidly, without any comprehen- 
sive planning. An indication of the fluctuations 
suffered in this promising land may be given by com- 
paring the wheat crop figures for 1928, a year of 
adequate rain, with those of 1937, a year of drought, 
the acreage in both years being practically identical. 
The figures are shown in Table I. 








TABLE I. 
| 1928. 1937. 
| 
Area. | Total Yield Total Yield 
Crop. per Acre. Crop. per Acre, 
| Bushels. | Bushels.| Bushels. | Bushels. 
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Soil erosion by wind is a difficult problem of the 
west, and many farms have been abandoned on account 
of it. As articles published in our columns have shown, 
this is not a new problem, and as early as 1887 there 
was severe drifting at the Indian Head experimental 
farm. Monarch, in Southern Alberta, made, appa- 
rently, the first determined attempt to control drifting, 
and such good progress has been made since 1918 
that this district is regarded as the most outstanding 
example of successful control in Canada, even in an 
area in which serious drifting is to be expected almost 
every year. Soil is not blown about if it is adequately 
covered by vegetation, and it is not washed away if 
there are forests to soak up the rairfall on the heights 
and grass or adequate crops to hamper the flow on 
slopes or on level stretches of land. One small area 
on a farm, left unprotected; however, may be attacked 
by wind or rain and the damage will spread to neigh- 
bouring fields, farms, counties and municipalities. 

_ Soil erosion has been called a “‘ creeping death.” It 
is fatal not only to the growth of plants, but to human 
development. Concurrently with a farmer’s realisa- 











tion that the soil on his farm is being washed or 
blown away, with consequent loss of productivity and 
revenue, there comes loss of morale. 

The wastage of capital, in the form of the soil’s 
productivity, is obviously chief among the hazards to 
be guarded against. Not many years ago it would have 
seemed nonsensical to suggest that farms should be 
‘*managed”’ as are business enterprises, and that 
records should be kept, but times have changed. 
Farm management studies and records of production, 
acre by acre, show very quickly where attention is 
needed to retain or restore fertility. The exchange of 
information and views which such records make possible 
widen the basis upon which every farmer can assess his 
progress and plan his future. The correction of mis- 
takes made when the land was settled, or the repair 
of the damage done by the mistaken use or neglect of 
precautions, cannot be accomplished in a month or a 
year, buat it should be started immediately. The 
beginning of a conservation system of land use need 
not be expensive, and such a system should, in average 
cases, prove to be more productive in quantity and 
quality than are exploitation systems. 

The level of employment in manufacturing is affected 
by the purchasing power of the people, and the farming 
community make up 27 per cent. of Canada’s popula- 
tion. If the standard of living of 27 per cent. of a 
country’s pp en: is at a low level, from whatever 
cause, it is obvious that the standard of living will be 
depressed everywhere in the country. In one small area 
in Ontario there are 75 farm buildings classed as fair or 


poor, while 44 buildings have been abandoned or | 


levelled. In some cases, the land was good to start 
with, but it was farmed without foresight. The plough 
actually prepared it for erosion by wind and water. Pro- 
ductivity declined ; income decreased ; the population 
went away to cities; and a farm which housed, fed 
and clothed a large family only a few years before 
supported no one, and was a menace to its neighbours. 
A similar state of affairs exists in Western Canada. In 
1941, there were more than four million acres of aban- 
doned farms in the Prairie Provinces, an acreage which, 
at the long-time average yield of 15-6 bushels per acre, 
might produce 62,400,000 bushels of wheat a year if 
the land had been saved. 

In view of these alarming facts concerning the result 
of erosion upon the well-being of individual farmers, 
and the nation at large, it may be worth while to 
examine briefly the causes and some of the conse- 
quences of erosion. The slope of land is an important 
factor, as are temperature, rainfall, and the physical 
nature of the soil. The ee - of rainfall which 
remains usefully available is determined by three 
factors, namely, evaporation, underground water, and 
surface or run-off water. In the absence of i 
factors, such as vegetation or mechanically-contrived 
obstacles like dams, terraces and ditches, the run-off 
water washes away soil, carries it into water courses, 
and, ultimately, loses it as silt. 

This “‘ sheet erosion,” as it is termed, is particularly 
dangerous because it is scarcely noticed. It may go on 
for years, the farmer not realising what is happening 
except that he finds certain spots decreasing in their 
crop yield. Sheet erosion is not so spectacular as gully 
erosion, but as it is difficult to see, it is more serious. 
Where the land slopes, or where the surface of the field 
falls into slight natural channels, small rills are created 
after heavy rain or when the snow melts. Neglected, 
the rills form gullies, but gullies may also follow ruts 
formed by wagon wheels, the trails made by livestock, 
or even furrows running up and down the slope The 
rate of increase of the gullies is cumulative and many 
of them reach a depth of 100 ft. or more. These carry 
off tons of surface soil. 

To realise the importance of doing something now 
in the war on erosion, it is not necessary to go far 
afield. The beginnings of desolution may be seen near 
every community in Canada. Around Drumheller, in 
Alberta, farmers have a striking object lesson before 
their eyes. Stretches of the valley are gashed by gully 
erosion and carved by wind and water into fantastic 
pillars and mounds, grey and dead and utterly useless. 
The only living growth is an occasional sage bush or 
cactus. South, in the foothills, streams which flowed 
all the year round and yielded rich catches of trout 
30 years ago now run dry a month after the snow 
melts. Even far back in the hills, the only water 
to be had from a once-plentiful spring has to be squeezed 
from mud. All around these scenes there are millions 
of acres of still useful land, bearing rich crops ; but they 
must be saved, and a beginning must be made at once. 

The problem is immediate. Two English scientists, 
Messrs. G. V. Jacks and R. O. Whyte, joint authors of 
the book Vanishing Lands, have reported: ‘‘ As the 
result solely of human mismanagement, the soils upon 
which men have attempted to found new civilisations 
are disappearing, washed away by water and blown 
away by wind. To-day, destruction of the earth’s thin 
living cover is proceeding at a rate and on a scale 
unparalleled in history, and when that thin cover— 
the soil—is gone, the fertile regions where it formerly 





lay will be unhabitable deserts.” Does it, then, seem 
far-fetched when the farm-equipment dealer reports 
that about 14 per cent. of the land on this continent 
has already lost all of its crop-growing capacity ? 
Or when Professor A. F, Coventry, of the Department 
of Zoology, University of Toronto, says that there are, 
in the agricultural areas of Ontario, some five million 
acres, about one-sixth of the whole, unfit for anything 
except trees, but lacking the trees ? Soil drifted from 
one acre, to a depth of one inch, is equivalent to the 
removal of about 700 Ib. of nitrogen, 155 lb. of phos- 
phorus, and 5,380 lb. of potash. This amount of phos- 
“vant alone, states a —— distributed by the 

minion Department of Agriculture, is equal to that 
removed from the soil in the production of 485 bushels 
of wheat. Dr. Wyatt, of the University of Alberta, is 
quoted as saying that it would take from 200 to 350 
dols, per acre of commercial fertiliser to restore these 
vital minerals. 

The millions of tons of Canada’s fertile top soil 
which have been washed into the ocean cannot be 
replaced, and certain natural processes of erosion cannot 
be completely stopped, though the losses can be reduced 
to moderate proportions. Much good has been accom- 
plished under the Prairie Farm Rehabilitation Act, 

by Parliament in April, 1935, to provide for 
the rehabilitation of the drought and soil-drifting areas 
in the open plains of Manitoba, Saskatchewan and 
Alberta. Using all necessary resources of the Dominion 
and Provincial Departments of Agriculture, and co- 
ordinating all existing agencies, the activities are 
grouped under three headings, namely, cultura] work, 
land utilisation, and water development. The cultural 
work has benefited directly or indirectly more than 
12 million acres of farm land. Tree planting, as part 
of home building and to provide shelter belts, has 
been greatly stimulated. Individual or small water- 
development work is benefiting directly some 25,000 
farmers, while thousands more are being served by 
community projects. Fifty district experiment sub- 
stations have been established on different types of soil 
and under different climatic conditions, where the 
success of such measures as strip farming, scientific crop 
rotation, ploughless fallow, trash cover, cloddy culture, 
cover crops and types of machinery different from those 
commonly used can be demonstrated. Irrigation, 
naturally, occupies a very special place, not only 
because of its conservation possibilities, but because 
it adds so much to the earning capacity of certain 
lands. 

Other things are needed, of course. Afforestation of 
the upper catchment areas of rivers is needed, with 
proper and sustained m ent of both these 
reserves and other forest lands. Limitation of herds 
and flocks is necessary in accordance with what the 
vegetation can support. Sonie people protest because 
there are so many prohibitions in the reclamation 
scheme, but reclamation necessitates them, so that 
all the good work done by one section of a community 
is not wiped out by the thoughtless or selfish actions 
of another section. The first task of a farmer is to 
determine to what use the different parts of his land 
are to be put, with one eye on the probable crop yield 
and the other on placing crop, pasture and woodland 
so as to provide the most complete protection against 
erosion by water and wind. The second task is to 
determine what is to be done concerning conditions 
already calling for treatment ; and the third is to apply 
intelligently and energetically the accumulated know- 
ledge and experience from all sources. 

Canadian farmers during the war stepped up produc- 
tion by about 50 per cent. In an article published in 
the Agricultural Institute Review for May, Mr. L. B. 
Thomson, President of the Agricultural Institute of 
Canada, states: ‘‘ This progress was made possible by 
the farmer applying his experience and the findings of 
scientists to the cultivation of farm lands, to the grow- 
ing of crops, and to the raising of livestock. However, 
if agriculture is to maintain its position in the Canadian 
economy and if Canadian farm goods are to be able 
to compete on world markets, farmers must be able 
to introduce scientific farming on an ever-increasing 
scale. It is recogni by all that farming cen no 
longer be done by rule-of-thumb. Scientific agriculture 
to-day makes farming a profession.” 

Preparation of a plan of conservation, concludes the 
author of the Royal Bank of Canada’s statement, is a 
task for experts; carrying out the plan requires scien- 
tifically-trained men. At the farmers’ level, the 
enthusiastic support of energetic associations will go a 
long way towards making the effort successful, and this 
support is being given. Implement manufacturers are 
doing their part to impress farmers with the need for, 
and the possibility of, betterment in soil conditions. 
Farm journals seldom appear without at least one article 
supporting the idea of conservation. The Agricultural 
Improvement Associations are showing what can be 
done by studying, deciding, and putting into action 
the best cropping and tillage practices to control soil 
drifting and promote the general well-being of agri- 
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GAS-TURBINE DEVELOPMENT. 


MESSRS. ROLLS-ROYCE LIMITED, DERBY. 

















Fie. 1. 


WELLAND ENGINE, 

















Fic. 2. DERWENT V ENGINE. 


ROLLS-ROYCE GAS TURBINE 
DEVELOPMENT. 


In his James Clayton Lecture on “‘ The Early History 
of the Whittle Jet Propulsion Gas Turbine,” delivered 
before the Institution of Mechanical Engineers, on 
October 5, 1945,* Air Commodore Whittle stated that 
in January, 1930, when his first patent covering the 
application of the gas turbine to jet propulsion was 
taken out, the idea of such a development was turned 
down by the Air Ministry on the ground that the 
practical difficulties in the way were too great. In 1929, 
however, Dr. A. A. Griffiths, of the Royal Aircraft 
Establishment, had written, “‘ the turbine is superior 
to existing Service engines and to projected compression- 
ignition engines in every respect examined. The 
efficiency is higher and the weight and bulk Jess. No 
external cooling is required. At high altitudes there 
is an inherent supercharging effect, coupled with a 
substantial decrease in specific consumption. The use 
of a variable-pitch airscrew is unnecessary. Starting 





* See ENGINEERING, vol. 161, pages 212, 237 and 261 


presents no difficulty and control is simpler than in the 
case of existing engines. Any liquid fuel of suitable 
composition may be used, without reference to anti- 
knock value or volatility.” This opinion did not 
immediately modify the attitude of the Air Ministry, 
and it was not until 1936 that the Royal Aircraft 
Establishment inaugurated work on the subject. 
Power Jets, Limited, was formed in that year, the 
Air Ministry being a shareholder from the first. 

The name Rolls-Royce, which is so prominently 
associated with the development and practical applica- 
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tion of gas-turbine propulsion, did not appear in con- 
nection with the matter in these first years, and it was 
not until 1938 that Messrs. Rolls-Royce Limited began 
to consider the possibilities of the gas turbine for air- 
craft propulsion. In 1939, Dr. Griffiths joined their 
technical staff. This article is concerned with Rolls- 
Royce development, but it should be said that, in the 
years about 1940, three organisations were at work on 
the many problems involved. These were Power Jets, 
Limited, with which the British Thomson-Houston 
Company were associated ; the Royal Aircraft Estab- 
lishment, in conjunction with Metropolitan-Vickers ; 
and Rolls-Royce Limited. There can be no doubt that 
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| all workers on the subject were greatly encouraged by 

the successful flight of the Gloster-Whittle machine 
in May, 1941. The first Rolls-Royce design was on the 
test-bench in December, 1942. Early in 1943, the firm 
took over the work of the Rover Company, which had 
assisted in the manufacture of units of Power Jets 
design. Prior to this,. Rolls-Royce manufacturing 
facilities had been made available both to Power Jets 
and the Rover Company, for machining supercharger 
casings and wheel-cases, as well as for the manufacture 
of turbine blades and oil-pump assemblies. 

The scheme for the first Rolls-Royce internal- 
combustion turbine was agreed on early in 1940, and 
within three years the Welland engine had been 
developed. This was the first jet-propulsion engine 
to go into quantity production and into service with 
the Royal Air Force. It first went into action when 
the twin-engined Gloster Meteor was used to shoot 
down flying bombs in 1944. It was remarkably 
successful and shot down more bombs per flying hour 
than any other aircraft. The Welland, which was 
designed in collaboration with Power Jets, Limited, 
had ten reverse-flow combustion chambers. It was 
43 in. in diameter and gave a thrust of 1,700 Ib. for a 
weight of 850 1b. It passed its 100-hours type test in 
April, 1943, and deliveries to the R.A.F. began in May, 
1944. On test, the only mechanical troubles which 
arose were connected with the sheet-metal work of the 
combustion chambers. A view of the Welland engine 
is reproduced in Fig. 1, on this page. 

Following on their successful experience with the 
Welland, Rolls-Royce designed a new engine of the 
same overall diameter and with a similar compressor, 
but with straight-through combustion chambers and 4 
design thrust of 2,000 lb. This was the first of the 
Derwent class and was followed by Derwent II, III 
andIV. Derwent II and IV each gave a 10 per cent. 
increase in thrust over previous models ; Derwent III. 
was an experimental engine intended to provide 
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suction on the wing surfaces for boundary-layer removal. 
Early in 1944, the Ministry of Aircraft Production issued 
a specification for a jet engine, for installation in a 
single-seater interceptor fighter, which was to have 
a minimum thrust of 4,000 lb., a maximum overall 
diameter of 55 in., and a maximum weight of 2,200 Ib. 
With the experience which had been gained with the 
Welland and Derwents, the meeting of this specification 
did not present any insuperable problems and a design | 
for an engine having a thrust of 4,200 Ib., and capable 
of an increase to 5,000 lb. was put in hand. The 
overall diameter was 49 in. and the weight approxi- 
mately 1,600 Ib. In view of the urgency of matters at 
that time, work was pressed forward so that an engine 
conforming to these figures was on test within six 
months. This engine, which is now known as the 
Nene, will be described in detail later in this article. 

_ From the point of view of performance in the air, it 
i8 necessary, to preserve historic sequence, to refer 
now to an engine which was actually designed later 
than the Nene. This is Derwent V. The performance 
of the Gloster Meteor aeroplane had shown that it was 
capable of utilising thrust greatly in excess of the 
original estimate, and in view of the success of the Nene, 
it was decided to produce a scaled-down version of 
— size they ment which would enable the 
performance of the Meteor to be improved atly. 
The Derwent V was designed and built in just he six 
months, and so convinced were the technical staff of 
the soundness of the design that the engine was put 
into production straight from the drawing board. The 
first engine built successfully passed the Ministry of 
Aircraft Production 100-hours official type test at a 
rating of 3,000 lb. thrust. In July to September, 1945, 
modifications increased this figure to 4,000 lb. This 
development doubled the power of the Derwent engine 
without alteration to the installation dimensions and the 
speed of the Gloster Meteor was increased from 460 
m.p.h. to 606 m.p.h. when the world air-speed record 
was established on November 7, 1945. 

A general view of Derwent V is given in Fig. 2, on 
the opposite page. Although basically similar to 
Derwent I, it incorporates an increased-capacity centri- 
fugal compressor mounted on the forward end of a shaft 
carrying an axial-flow turbine. This main shaft is 
carried on two roller bearings, with a centre thrust 





bearing, and is surrounded by nine combustion chambers. 
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These are fed with compressed air from the impeller 
and fuel from a high-pressure pump driven from the 
engine. Fuel control to the burners differs from that 
of Derwent I, in which the pumpstroke remained fixed 
and the flow to the burners was varied by by-passing 
fuel in excess of the requirements of the engine. In 
Derwent V, the pump stroke is varied by means of an 
aneroid, to reduce the supply at high altitudes. The 
pilot may also control the fuel supply by means of a 
throttle valve actuated by a rack and pinion. For 
starting up, a flame igniter assembly, comprising a 
starting plug and solenoid, is employed. To obviate 
burning of the plug, it is not located directly in the 
combustion chamber, but is placed between the outer 
casing and the flame tube, being thus shrouded from 
the hot gases. When starting up, the control switch 
for the solenoid is operated for a fixed time, and fuel 
is sprayed directly on to the sparking plug. A high- 











ressure cock, which cuts off the fuel supply, is provided 
or ing the engine. 





Altitude Ft. 

the combusion chambers, and combustion is completed 
before the gas enters the turbine vane ring at the rear 
end of the shaft. Balance pipes are provided between 
the combustion chambers to equalise the pressure and 
allow the flames to ignite the fuel in adjoining flame 
tubes when starting up. To obviate splitting and 
cracking of the welding due to the high temperature at 
which the engine operates, the discharge nozzle box at 
the rear of the combustion chamber is a casting instead 
of being fabricated. The fixing of the vanes inside the 
nozzle box is improved by employing a buttress type 
of holding which reduces the differential expansion of 
the vanes and castings. The combustion chambers, 
of which there were ten in Derwent I, have been reduced 
to nine in Derwent V, but are of greater cross sectional 
area to cope with the increased mass of air flow from 
the blower. 

Cooling of the air system, including the centre and 
rear bearings of the front face of the turbine disc, is 
provided by a small centrifugal fan mounted in front 
of the centre bearing. The cooling air enters through 
apertures at the centre of the engine and passes out 
through a cooling-air manifold to the exhaust outlet at 
the rear. Lubrication is by a triple-gear pressure pump 
which supplies the various bearings, the oil being col- 
lected by two scavenge pumps and returned to the oil 
pump. As the plain type of bearing used on Derwent I 
has been dispensed with, no oil cooler is fitted in Der- 
went V. A filter on the pressure side of the oil pump 
ensures that no grit or foreign matter passes to the 
engine. The accessories, including the fuel and oil 
pumps, generator and gearbox, together with an elec- 
tric starter motor, are mounted on the wheel-case at 
the front of the engine, as shown in Fig. 2. 

The progress made between the production of the 
Welland engine in 1943 and the Derwent V in 1945 
is indicated by the three curves given in Figs. 3 to 5, 
on this and the opposite pages. As shown in Fig. 3s 
the Welland had a specific weight of 0-57 lb. per lb. of 
thrust ; in Derwent V, this figure was reduced to 0-36 Ib. 
The intermediate figures for Derwent I and Derwent II 
are indicated in the diagram. The increase in thrust 
per square foot of frontal area is shown in Fig. 4, in this 
case the progress made being still more impressive, as 
in a period of three years, the thrust per square foot 
was more than doubled. The figure for the Welland 
was 150 lb. and that for Derwent V is 380 Ib. Fig. 5 
shows the specific fuel consumption in pounds per hour 
per lb. of thrust. It will be seen that the consumption 
of Derwent I was greater than that of the Welland 
engine, but in a year the figure was greatly reduced by 
Derwent II, and Derwent V shows a consumption of 
1 Ib. of fuel for 1 lb. of thrust. The progress made in 
the period covered by these curves is further illustrated 
by Fig. 6, on this page, which shows, from right to left, 
the turbine blades of the Welland, Derwent I and 
Derwent V. 

Mention has already been made of the specification 
issued by the Ministry of Aircraft Production in 1944, 
calling for an engine for installation in interceptor 
fighters and having a minimum thrust of 4,000 Ib., 
a weight not exceeding 2,200 Ib., and a maximum 
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represented by this specification, Messrs. Rolls-Royce BRITISH STANDARD PERSONAL. 
designed the Nene engine, which is now in production. SPECIFICATIONS. 


It represents a great advance on the Ministry’s require- 
ments in every particular. It has a thrust of 5,000 Ib. 
and weighs only 1,550 Ib., these figures representing 
improvements of 25 per cent. and 30 per cent., respec- 
tively, over the specification figures. The thrust per lb. 
of weight is 3-2 1b., and the overall diameter is only 
49} in. This gives a thrust of about 375 Ib. per square 
foot of frontal area. It is considered that the high 
thrust and light weight of this engine makes it a serious 
competitor with the piston engine for heavy bombers 
and civil transport machines. Using an existing 
Lancaster bomber, it is stated that, for an all-up weight 
of 60,000 Ib., the cruising speed would be 400 m.p.h. at 
all altitudes up to 35,000 ft.; using the existing fuel 
tankage, the range would be approximately 1,000 
miles at 30,000 ft., but this might be augmented 
by fitting extra tanks, as four Nene engines would 
have an installed weight of only 8,000 Ib., against 
12,000 Ib. for four Merlins. 

The test-bed curves of the Nene engine are repro- 
duced in Fig. 7, on page 225, and Fig. 8, on the same 
page, shows the estimated performance at 600 m.p.h. 
and the fuel consumption at various altitudes. The 
fuel consumptions appear to be very high, but it is 
claimed that when comparison is made with a piston 
engine of sufficient power to propel an aeroplane at this 
speed there will be found to be very little difference in 
the two cases. It is estimated that a piston engine 
of 12,000 h.p. would be required to propel a correspond- 
ing aeroplane at this speed, and that owing to the weight 
of such an engine, and decrease in airscrew efficiency, 
the fuel consumption would be 1-5 Ib. per Ib. thrust, 
compared with about 1-4 Ib. for the jet engine. Curves 
of estimated performance at more moderate speeds, 
at 30,000 ft., under various atmospheric conditions, 
and with the engine running at 12,300 r.p.m., are 
given in Figs. 9 and 10 on page 225. The high take-off 
thrust and remarkable freedom from failure at take-off 
are features in favour of jet engines. There has been only 
one take-off failure among the large number of Rolls- 
Royce jet engines in service with the Royal Air Force. 
The first aircraft to be fitted with the Nene engine 
was the American interceptor fighter ‘‘ Shooting Star.” 
Speeds of the order of 580 m.p.h. have been attained 
and excellent rates of climb up to 42,000 ft. Flight 
trials of the de Havilland “‘ Vampire ” fitted with the 
Nene engine are now in progress. 

(To be continued.) 
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Associate Member to Member.—Joseph Brown, 
Rochdale; James Gordon Bulger, Slough; Allan 
Herbert Cowan, M.Eng. (L’pool), London ; John Glyn 
Davies, Coventry; Francis John Everest, M.Sc. 
(Eng.) (Lond.), Huddersfield ; Colonel Kenneth George 
Hessey Fryer, O.B.E., R.E.M.E., London; John 
Morrison Hay, B.Sc. (Glas.), Dundee ; Brigadier Regi- 
nald Arthur Holt, R.E.M.E., C.M.F.; Henry McPhie, 
B.Sc. (Glas.), London; Comdr. (E.) Bertram George 
Henry Meager, R.N., London; Eric Stanley Moult, 
B.Sc. (Eng.) (Lond.), Edgware, Middx.; Comdr. (E.) 
Frank Murray Paskins, O.B.E., R.N.R., Bath; Guy 
Taite Shoosmith, M.A. (Cantab.), London; Colonel 
Walter John Lindley Smith, R.E.M.E., York; John 
Frederick Sutton, M.Sc. (Eng.) (Lond.), Havant ; 
Arthur Taylor, Middlesbrough ; Thomas Buck Thomp- 
son, London; Henry Ivor Warrell, Hemel Hempstead, 
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B.Se. (Eng.) (Lond.), Brighouse, Yorks. ; F./L. Tadeusz 
Czaki, Polish Air Force, London, S8.W.1; Charles 
Edward John Dingle, M.B.E., B.Sc. (Durham), Dowlais, 
Glam.; Charles Hugh Doherty, London, S.W.1; 
Maurice Alberic Fiennes, Sheffield, 4; John Geddes, 
Twickenham, Middx.; Percy Joseph Hambleton, B.E. 
(N.Z.), Greymouth, N.Z.; Cuthbert Frank Harding, 
London, 8.W.1; Lt.-Col. James Edward Land, Bun- 
crew, Inverness-shire; Dirk Lion-Cachet, Germiston, 
Transvaal, S. Africa; Frank Charles Long, Leicester ; 
Randal Forrester Lowe, Redhill; Gerald Lyon, M.Sc. 
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Tx following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 


Synthetic-Resin Bonded-Paper Tubes—In 1929, a 
specification, B.S. No. 316 covering synthetic-resin 
varnished-paper boards and tubes for general electrical 
purposes was published, it being based on technical data 
provided by the British Electrical and Allied Industries 
Research Association. In 1943, however, that portion 
of the specification which related to boards was super- 
seded by B.S. No. 1137, and, with the publication of 
the present specification, B.S. No. 1314, that portion 
relating to tubes has also been superseded, B.S. No. 316 
being cancelled in consequence. Three types of 
synthetic-resin bonded-paper tubes are dealt with in 
the specification B.S. No. 1314, the internal diameters 
ranging from } in. up to 3in. The tubes are intended 
for electrical-insulating purposes, for use on power 
circuits with direct current, and with alternating 
current of frequencies up to 100 cycles per second only. 
Three types of tube, A, B and C, are covered by the 
specification. Type A tubes are characterised by a 
low water-absorption value, high resistivity and good 
machining properties. Type B has greater radial 
electrical strength at high temperature than type A. 
It has also a higher water-absorption value and is, in 
general, less brittle than type A tube. Type C tube has 
a greater radial electrical strength than that of types 
A or B. The water-absorption value of type C, how- 
ever, is greater and its machining properties are inferior 
to type B tube. All types must comply with the 
mandatory clauses contained in Part 1 of the specifica- 
tion. These deal with finish, tolerance on dimensions, 
warping, electrica] strength, surface breakdown in air, 
water-absorption value, effect of hot oil, cohesion 
between layers, machining tests, and freedom from 
corrosive substances. The methods of test are 
described in detail in appendices. Part 2 of the 
specification contains optional clauses dealing with the 
power factor of all tubes, and the electrical strength of 
tubes having a wall thickness greater than }in. [Price 
2s., postage included.] 

Non-Ferrous Metal Pipes for Boilers.—Another 
addition to the series of specifications relating to land 
boilers, prepared by the Mechanical Industry Com- 
mittee, has been issued. It covers non-ferrous metal 
pipes and piping installations for, and in connection 
with, land boilers and is similar and complementary to 
B.S. No. 806 which relates to ferrous pipes. The new 
specification, which is designated B.S. No. 1306: 
Part 1, applies to the general and detailed construction 
of the copper pipework connecting a land steam boiler 
to an engine, turbine, or industrial plant and all 
auxiliary pipework in connection therewith, together 
with the individual pipes and pipe fittings forming part 
of such installations. The specification will be com- 
pleted at an early date by the issue of Part 2, which 
will cover seamless copper tubes, with plain and screwed 
ends, for steam services. [Price 2s., postage included.] 
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Arbor, Mich., U.S.A. [Price 4.50 dols.] Oxford Uni- 
versity Press (Geoffrey Cumberlege), Amen House, 
Warwick-square, London, E.C.4. 

Legal Phaggs of Construction Contracts. By I. VERNON 
WERBIN. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
2.75 dols.} McGraw-Hill Publishing Company, Limi- 
ted, Aldwych House, Aldwych, London, W.C.2. 
[Price 14s.] 

Experimental Plastics and Synthetic Resins. By Dr. 
G. F. D’ALELIO. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
3 dols.] Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 18s. net.]} 

Fuhrer durch die Schweizerische Dok tati 8 d 
edition, revised and enlarged. Secretariat, Swiss 
Association for Documentation, Library of the Swiss 
Federal Institute of Technology, Ziirich. [Price 
4.50 Swiss francs.) 

Government of India. Railway Department. Railway 
Board. Technical Paper No. 316. Curve Realignment 
on the East Indian Railway. By J. M. Fenton. The 
Manager of Publications, Civil Lines, Delhi. [Price 
2 rupees 10 annas.] Publications Manager, India 
House, Aldwych, London, W.C.2. [Price 4s. 3d.) 
Modellversuche tiber die Knickfestigkeit der Druckgurte 
offener Fachwerkbriicken mit trapezférmigen Haupt- 
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Mr. T. G. SYMONDS Babs, O.B.E., Ohief Mechanical 
and Electrical Engineer, Air Ministry Directorate Genery 
of Works, retired on September 2. MR. A. Watsoy, 
B.Sc., M.I.E.E., M.I.Mech.E., previously Deputy Chiet 
Mechanical and Electrical Engineer, has been appointeg 
as his successor. 

Mr. W. E. YATES, M.I.A.E., assistant road-motor 
engineer, London Midland & Scottish Railway, \ atford, 
has been promoted to the position of road-motor engineer, 
as from September 1, in succession to MR. J. SHEARMay, 
M.1.Mech.E., M.I.A.E., who is retiring. MR. V. R. B, 
COOKE, previously assistant to the road-motor engineer, 
has succeeded Mr. YATES as assistant road-motor 
engineer. Mr. D. CHaDDOcK, hitherto inspector, roaq. 
motor engineer’s department, has been made assistant to 
the road-motor engineer. 

Lt.-CoL. S. C. GuImLLAN, T.D., who has been op 
service with H.M. Forces since August 24, 1939, has now 
returned to civilian life and has re-assumed his duties ag 
Editor of the Institute of Metals publications. Mnr. A. B, 
CHATTIN, formerly joint assistant secretary of the Iron 
and Steel Institute and the Institute of Metals has now 
relinquished the latter position which has been taken 
over by Lt.-Col. Guillan. Mr. N. B. VAUGHAN, M.So,, 
has resigned his post of assistant editor of the Institute 
of Metals publications to take up the position of informa- 
tion officer and librarian, Aluminium Development 
Association. Mayor W. G. ASKEW, M.C., has succeeded 
Mr. Vaughan as assistant editor. 

Dr. 8S. WERNICK has been elected President of the 
Electrodepositors Technical Society for the year 1946-47, 

The Council of the Institution of Electrical Engineers 
have nominated Mr. J. W. J. TOWNLEY to serve as their 
representative on the Technical Committee on Con- 
sumers’ Supply Controls of the British Standards 
Institution. Similarly, Mr. E. M. LEE, B.Sc., M.I.E.E., 
has been appointed to represent the Council on the 
Advisory Panels for Radio Service Work and for Radio 
Experimenters’ Licences of the City and Guilds of London 
Institute, in place of Dr. R. C. G. WILLIAMS, B.Sc. 
(Eng.), M.I.E.E., who has resigned. . 

Mr. A. F. AIKEN has retired from the position of 
manager of the metal foundry of the Hoyt Metal Company 
of Great Britain, Limited, Deodar-road, Putney, 
London, 8.W.15, after occupying it for 32 years. 

Messrs. THE DE HAVILLAND ENGINE COMPANY 
LIMITED, inform us that, as from September 1, their office 
will be moved from Carlisle House, 30, Uphill-road, Mill 
Hill, N.W.7. All correspondence for the engine technical 
office or for Dr. W. Ker Wilson should be addressed to 
the company at Stag-lane, Edgware, Middlesex (Tele- 
phone : EDGware 0171). 

Messrs. A. A. JONES AND SHIPMAN, LIMITED, have 
announced that, after September 16, all correspondence 
should be addressed to their new works at Narborough- 
road South, Braunstone, Leicester (Telephone: Leices- 
ter 34222). 

Messrs. MERZ AND MCLELLAN, 32, Victoria Street, 
London, S.W.1, have established a separate associated 
firm to undertake consulting engineering work in British 
India. The new firm, Messrs. MERZ AND MCLELLAN 
(INDIA) will practise at 16, Lee-road, Calcutta, the 
partners being the present partners in Merz and McLellan 
and Mr. FELIX HENRY SHARPE, who has been their chief 
engineer and manager in India for some years. 

BRITISH INSULATED CALLENDER’S CABLES, LIMITED, 
Norfolk House, Norfolk-street, London, W.C.2, have 
announced that their Worcester office has been removed 
to 37, Broad-street. The telephone number remains 
unchanged as Worcester 2070. 

MaRCONI’S WIRELESS TELEGRAPH COMPANY, LIMITED, 
Marcohi House, Chelmsford, have entered into an agree- 
ment with Pre Luurep, for the design, manufacture 
and sale of a radio-instrument landing system for aircraft 
operating at very high frequencies and offering reliable 
glide-path and localiser guidance from a distance of 
several miles to within a few feet of the runway. 








THe LaTe Mr. W. HamiuTon.—We announce with 
regret the death of Mr. William Hamilton, which 


eccurred at Monkseaton, Northumberland, on August 28.: 


Mr. Hamilton, who was manager of the North-East 
Coast branch office of Messrs. G. and J. Weir, Limited, 
Glasgow, was a native of Campbeltown, Argyll, and was 
70 years of age. He received his early engineering 
training with Lobnitz and Company, Limited, Renfrew, 
and jomed Messrs. G. and J. Weir in 1901. After 
experience in various departments of the works and 
outside staff, Mr. Hamilton went to Newcastle-upon-Tyne 
to assist Messrs. Weir’s representative on trials and other 
operations. He remained on the North-Hast Coast and, 
in 1912, was appointed to take full charge of the New- 
castle office. Mr. Hamilton was an experienced engineer 
and he was widely known and consulted. He was a 
vice-president of the Institute of Marine Engineers, 4 
member of the North-East Coast Institution of Engineers 
and Shipbuilders and an associate member of the 
Institution of Naval Architects. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Scottish Steel.—The demand for the lighter descriptions 
of plates and sections has increased still further, and 
makers are being overwhelmed with orders. The pre- 
ponderance of the lighter products in current specifica- 
tions postulates a serious problem for rollers, as it tends 
to slow down the output at a time when plant is being 
operated at full capacity ; consequently there has been a 
jengthening of delivery dates. Light plates are now 
taking about four months to deliver from the date of 
order, and sections about 12 to 16 weeks. This charac- 
teristic of the present-day demand is thought to be of 
a permanent nature, and it is stressed that the replanning 
of the industry and all future developments must be 
carried out in such a way as to redress the balance 
between smelting capacity and that of the finishing mills. 
Far more light-plate mills and sheet mills will have to be 
installed in addition to any necessary increase in steel- 
making capacity that may be undertaken. An addendum 
to the new price list which came into force on August 14 
is a later decision to increase the price of light plates, 
rolled in a sheet mill, by 10s. per ton to 221. 5s. The 
increase is less than Scottish makers believe would have 
been justified. A strike of bricklayers at the Scottish 
steelworks threatens to bring operations to a standstill. 
It is hoped that a settlement of the wages dispute will 
be reached before production becomes seriously involved. 

Scottish Coal.—The directions being issued to collieries 
to give additional supplies to gasworks and electric power 
stations is the main topic this week. The Government, 
apparently is much concerned with utility supplies, and 
the low level of stocks, it is felt, must be raised as quickly 
as possible to avert a serious situation next winter. The 
diversion will affect Scottish industry, as there is no 
margin to make the change workable without a direct 
cut in the supplies to other consumers. It is understood 
that exceptional pits are hoping to give the utilities the 
extra coal without encroaching on industrial deliveries, 
but it remains to be seen how far these hopes can be 
realised. Production generally is disappointing. Ayr- 
shire is endeavouring to cover commitments, but the 
output is inadequate, and the effect, on opencast opera- 
tions, of the recent wet weather has increased the general 
embarrassment. The problem, as the market sees it, 
is the inability of the Government or the collieries to 
induce the men to work harder. Wages are high and 
men seemingly can make sufficient in four of five days 
to live comfortably, so that absenteeism is rife in all 
quarters. Mr. Shinwell was considerably impressed, 
during his visit, with the progress made and grasp of 
technical problems revealed by his contacts with the 
Fuel Efficiency personnel in Scotland, and he is under- 
stood to have taken immediate action to increase the 
staff and give his strongest support to the panel engineers 
in carrying out their work, namely, the reduction of the 
gap between output and essential fuel requirements for 
the coming winter. Mr. Shinwell was extremely frank 
during his speech at the dinner heJd in his honour with 
the Fuel Efficiency Committee, and left no doubt about 
his enthusiasm for the campaign against waste. 





NOTES FROM THE SOUTH-WEST. 


CaRpDIFF, Wednesday. 


The Welsh Coal Trade.—Officials, including overmen, 
firemen and shotmen, numbering between 1,300 and 
1,500 from about 70 West Wales anthracite collieries, 
have decided to hand in their notices. They complain 
that the owners have failed repeatedly to de long- 
standing requests for additional payment for work in wet 
districts, application of seniority rules in promotion, and 
elimination of non-unionism. If the threat is garried 
into effect it will affect 20,000 miners. Mr. Arthur 
Horner, the new secretary of the National Union of 
Mineworkers, speaking in Cardiff last week said that 
production needs were now so great that the time had 
come to apply the slogan that if a man did not work 
neither should he eat. The Union warned them that 
help in the form of additional personnel for the mines 
must come quickly. The community must be prepared 
to concede to the miners a new status which would 
express the importance of the work they did in terms of 
working and living conditions. It has been announced 
during the past week that South Wales export quotas for 
September will be reduced, in the case of France, by 
10 per cent. in comparison with the August level. Ship- 
ments during September to France will be limited to 
9,000 tons. Fears had been entertained for the future 
of the export trade, owing to theincreasing home demand, 
during the winter months. Meanwhile, the demand on 
the market continues to outstrip the available supplies 
and most collieries are hard pressed ta prevent the further 
accumulation of arrears of deliveries to the inland trade. 
As a rule, order books are well filled forward, and there is 
no sign of any slackening in demand. ll the top grades 
were reserved for the inland users and only the most 
inferior sorts, principally the anthracite duffs and coke 
breeze, are obtainable for shipment. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Supplies of pig-iron are adequate, but 
a heavier demand for finished iron necessitates an endea- 
vour to obtain more labour. Special steels are in strong 
request, and the best possible use is being made of 
research and experiment carried out during the war years. 
Sheffield firms are supplying markets and customers 
abroad formerly supplied by German and Austrian steel- 
makers, as well as those of Czechoslovakia. One firm 
alone is sending special steels to 46 overseas markets, and 
the expansion is expected to continue for some time. A 
gradual increase in competition is anticipated from the 
United States, Canada, and Czechoslovakia. Anxiety 
is felt about the fuel position ; with further depletion of 
stocks, some Sheffield firms have obtained priority per- 
mits for the installation of oil burners to supplement the 
use of coal later on. Makers of heavy machine tools are 
very busily employed, and there is a strong demand, at 
present unsatisfied, for hand tools for many trades. 

South-Yorkshire Coal Trade.—Disappointing coal pro- 
duction makes the task of allocators very difficult. The 
heavy claims of the railways are being given careful 
attention, but reserves: at locomotive depots are below 
the safety level. Industrial steams are in heavy demand, 
and the supply is far from adequate. Coke works have 
to be content not only with relatively small allocations, 
but with mixed types of coals which do not coke well. 
Gasworks have been receiving rather better deliveries. 
Increased production of outcrop coal has permitted more 
generous deliveries to electric power plants. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Nearly all descriptions of iron and 
steel are wanted in much larger quantities than are 
obtainable and there seems little likelihood of an early 
increase in output. The bulk of the iron and steel pro- 
duction is absorbed by priority claims for urgent home 
needs. Only very moderate parcels are released at 
present for shipment to overseas buyers. Shipbuilders 
and engineers are pressing for larger supplies of materials 
than has been the case for many years; all descriptions 
of railway requisites are in great demand, as also are pit 
props, roofings and other colliery equipment. The 
aggregate tonnage output of these commodities is heavy, 
but falls considerably short of current requirements. 

Foundry and Basic Iron.—Difficulties in obtaining 
adequate supplies of high-phosphorus pig iron are ham- 
pering the efforts of makers of light castings to keep pace 
with their delivery obligations under running contracts. 
The production of Cleveland foundry pig is negligible and 
the substantial parcels of high-phosphorus grades from 
other iron centres regularly reaching consumers in the 
Tees-side zone fall short of requirements. Some increase in 
the deliveries of Midland brands to North-East Coast users 
is likely but there seems little grounds forthe hope of any 
expansion in the make of Cleveland foundry iron. Tees- 
side basic blast-furnaces are turning out sufficient 
material for the needs of the adjacent consuming plants 
but no tonnage is available for use elsewhere. 

Hematite, Low-Phosphorus and Refined Iron.—Stocks of 
East-Coast hematite at makers’ yards are fairly large and 
are reported to be increasing, but the tonnage available 
for distribution is still carefully allocated. Home con- 
sumers are receiving ample quantities for their require- 
ments but complaints are still heard of inability to secure 
permits to ship parcels to overseas buyers. Increasing 
quantities of low- and medium-phosphorus iron are being 
used and the outputs of plants producing refined qualities 
are well taken up. 

Manufactured Iron and Steel.—Satisfactory quantities 
of semi-finished and finished iron are available for users, 
but the demand for steel is straining the sources of supply 
severely. Re-rollers have heavy bookings and are 
demanding larger deliveries of steelsemies. Prime billets 
in particular, are in short supply and available parcels of 
sheet bars and slabs are quickly taken up. Makers of 
sheets and plates have sold their outputs for the next 
six months and manufacturers of joists and sections have 
as much work as they can handle, while firms turning out 
rails, railway chairs, points and crossings have heavy 
order books. Plants supplying various types of colliery 
equipment are also busily engaged. 

Scrap.—Ample supplies are available to meet the 
demand for good heavy grades of iron and steel scrap. 





THE CONTROL OF QUARRYING : ERRATUM.—We regret 
that owing to a printer’s error a sentence in our article 
on “ The Control of Quarrying,” on page 206, ante, is 
meaningless. In the last paragraph but one of the article 
the eleventh line from the bottom of the paragraph should 
be deleted and the commencement of the sentence should 
read ‘‘ Surface mineral working which was being carried 








NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


INSTITUTE OF METAIsS.—Tuesday and Wednesday, 
September 10 and 11, The Institution of Civil Engineers, 
Great George-street, Westminster, S.W.1. Autumn 
Meeting. Tuesday, September 10, 2.30 p.m., official 
business, and papers for di ion Wed day, Sep- 
tember 11, 10 a.m., two technical sessions to be held 
simultaneously. 1.15 p.m., the Connaught Rooms, Great 
Queen-street, Kingsway, W.C.2, luncheon. For pro- 
gramme, see page 154, ante. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Septem- 
ber 10, 5.30 p.m., 85, The Minories, E.C.3. Presidential 
Address, by Sir Amos L. Ayre. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, September 11, 5.30 p.m., The Institution of Mechani- 
cal Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
Discussion on “ The Future Motive Power of British 
Railways.” 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
lands Students’ Section: Wednesday, September 11, 
6.30 p.m., James Watt Memorial Institute, Great Charles- 
street, Birmingham. Chairman’s Address on “ Electric 
Resistance Furnaces,”’ by Mr. F. Crook. 

INSTITUTION OF PRODUCTION ENGINEERS.—Luton Sec- 
tion: Wednesday, September 11, 7 p.m., The Central 
Library, Luton. Film: “ The Pluto Pipeline.” Derby 
Sub-Section : Monday, September 16, 6.45 p.m., School 
of Arts, Green-lane, Derby. Lecture: ‘“* Continuous 
Gauging of Rolled Material.’’ 

INSTITUTE OF WELDING.—North London Branch : Wed- 
nesday, September 11, 7.30 p.m., The Polytechnic, 
Regent-street, W.1. “ The Weldability of Malleable Cast 
Iron,” by Mr. T. J. Palmer. 

INSTITUTION OF CIVIL ENGINEERS.—Birmingham and 
District Association: Thursday, September 12, 6 p.m., 
James Watt Memorial Institute, Great Charles-street, 
Birmingham. Film: “ The Pluto Pipeline.” 

INSTITUTION OF AUTOMOBILE ENGINEERS.—London 
Graduates’ Section: Wednesday, September 18, 6.30 p.m., 
12, Hobart-place, Westminster, S.W.1. “‘ Racing Cars,” 
by Mr. H. Pringsheim. Birmingham Centre: Tuesday, 
September 24, 6.45 p.m., James Watt Memorial Institute, 
Great Charles-street, Birmingham. Brains Trust Mcet- 
ing. 

INSTITUTION OF MECHANICAL ENGINEERS.—East Mid- 
lands Branch: Friday, September 20, 7 p.m., University 
College, Nottingham. Chairman’s Address, by Colonel 
J. M. Dickson. Southern Graduates’ Section: Friday, 
September 20, 7 p.m., the R.A.E. Technical School, Old 
Post Office, Farnborough. “‘ An Approach to Research 
Problems in Aeronautical Engineering,’ by Captain J. 
Morris. 








WooDWORKING MACHINERY.—The Ministry of Supply 
announce that as from September 1, all classes of wood- 
working machine tools, both mew and used, and other 
woodworking plant and machinery, with the exception 
of drying plant, may be acquired and disposed of without 
lincence. Copies of the Control of Machine Tools (No. 15) 
Order and the Machinery Plant and Appliances (General) 
(No. 19) Order, which give effect to these changes may 
be obtained from the Stationery Office, price 1d. each. 
The prices of new woodworking machine tools still remain 
subject to control. 





MEASURING AND INSPECTION EQUIPMENT EXHIBITION. 
—aAn exhibition of measuring and inspection equipment 
will be held in the Edgwick Works of Messrs. Alfred Her- 
bert, Limited, Coventry, from September 23 to October 5. 
It will be open daily from 10 a.m. to 6 p.m., including 
Saturdays. The display will cover a wide field and show 
the numerous improvements made latterly in the class 
of equipment exhibited. The exhibition should be of 
considerable interest to inspection and production 
engineers and the firm invite all persons interested in 
modern inspection methods to see the display. 





RESEARCH ON MOLECULAR STRUCTURE, CAMBRIDGE 
UNIVERSITY.—The Dunlop Rubber Company, Limited, 
are contributing 3507. net per annum for seven years to 
the Department of Colloid Science at Cambridge Univer- 
sity for research work on molecular structure. For the 
past two years the Department has been carrying out 
research work for the Dunlop Company on the structure 
of natural and synthetic rubber molecules and the changes 
occurring in vulcanisation. The research will continue 
under the direction of Dr. G. B. B. M. Sutherland, a 
pioneer and recognised authority on the use of the infra- 
red spectroscope. The work under the new scheme will 
probably also include ultra-violet light and ultra short- 





on before July 22, 1943, cannot be prohibited . . .” 


wave radio technique. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 
All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 


Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 


stalls, or it can be supplied by the Publisher, post free, | = 


at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £218 6 
Thick paper copies _............ £ 3 0 
For all other places abroad— 
Thin paper copies ................ £3 3 0 
Thick paper copies £3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be teed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one irch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all-classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

y ” instructions yan alterations to standing 
PP. then for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years, 
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INDUSTRIAL 
EXPERIMENTATION. 


THE universal acknowledgment of the part 
played by scientific research during the war, and 
of the service that it can give to post-war industry, 
makes the present an opportune moment for the 
publication of an official monograph* intended to 
encourage the use of statistical methods for analysing 
the results of industrial processes. It is predomi- 
nantly the work of Mr. K. A. Brownlee, M.A., of the 
Ministry of Supply, who has been actively and 
intimately concerned for some years with statistical 
studies of the operation of plant for the production 
of explosives in the Royal Ordnance factories, 
and who, in consequence, is able to bring to his 
task not only a comprehensive grasp of the statistical 
approach to practical problems of industrial produc- 
tion, but also a remarkable faculty for demonstrating 
its potential value over a range of applications 
where hitherto it has had neither use nor recognition. 
The importance of both these qualities is evident 
from the very fact that a publication of this sort 
should be necessary long after the establishment of 
statistical methods of analysis on a firm theoretical 
basis and their extensive development in a number 
of practical directions by the Royal Statistical 
Society. Even among engineers—who, usually with 
justice, can claim to be knowledgeable and enter- 
prising—the use of statistical analysis has been 
largely restricted to what has come to be known 
as quality control ; and although Dr. E. 8. Pearson, 
in a British Standards Institution publication No. 
600-1935, wrote an admirable account of how 
applied statistics can assist industrial standardisa- 
tion and control the quality of mass-produced 
articles, two further British Standards publications 
—600R and 1008—and a joint meeting of the 
Institutions of Civil, Mechanical, and Electrical 
Engineers were deemed necessary, in 1942, to impress 
upon the profession as a whole the importance of 
quality control as a means of improving the produc- 
tion of munitions. 

No more than a small proportion, however, of 
those who used quality-control charts during the war 





* Industrial Experimentation. Ministry of Supply, 
Directorate of Royal Ordnance Factories (Explosives). 
H.M. Stationery Office, York House, Kingsway, London, 
[Price 2s. net.) 


W.C.2. 





and came to appreciate their merits, have realised 
that almost identically the same technique is 
applicable to other processes and other industries 
than the repetition manufacture of engineering parts, 
or that similar statistical operations can be equally 
serviceable in quite different forms of industrial 
activity. In particular, the analysis of large-scale 
experiments, and the prior design of trials on an 
industrial scale so that they will yield conclusive 
results, offer immense scope for statistical treatment, 
inasmuch as experimental work of this type must 
play an important part in the conversion and 
expansion of industries during the immediate 
post-war years. To achieve the improved efficiency 
of production and quality of product essential to 
successful comipetition in world markets, a large 
proportion of technical processes and manufactured 
articles will have to be modified on the basis of 
laboratory research, followed by factory-scale trials. 
In the former type of experiment, variable factors 
can be controlled and their separate effects investi- 
gated one at a time; but when the output of a 
complete plant is under investigation, control of 
every influential factor is impracticable, and the 
experiment must be carried out under normal 
operating conditions in which many factors are 
fluctuating more or less at random, while others, 
upon which interest is specially centred, can be 
varied only moderately without intolerable inter- 
ference with the operation and output of the plant. 
It is worth recording, in this connection, that the 
statistical technology now available for mechanical 
industries was largely developed some 15 to 20 years 
ago by research workers in scientific agriculture, 
prominent among whom were Professor R. A. Fisher 
and his colleagues of the Rothamsted Experiment 
Station. They had to contend with wholly un- 
controllable variable agencies, like weather and 
soil fertility, some of which, incidentally, also affect 
certain types of industrial operations. Statistical 
methods which take account of literally uncon- 
trollable factors can obviously serve equally well 
against variables that are only difficult to control 
experimentally, or that ought to be left uncon- 
trolled during an experiment because they will 
always be too costly to control in normal operation. 

In such circumstances, one of the major benefits 
that result from the application of statistical methods 
is the economic one of achieving a desired degree of 
accuracy in the eventual results with fewer observa- 
tions, and consequently with a shorter and, on several 
counts, a cheaper experiment, than would other- 
wise be the case. To achieve these objectives, it is 
essential that the experiment be appropriately 
planned in advance. The statistical device known 
as the Latin Square, for instance, permits any 
particular level of significance to be realised with 
the minimum number of experiments. Similarly, 
the manner in which sampling should be carried out, 
and the stages in the production of material at 
which tests should be made, in order to minimise 
the interference with normal operation while ensur- 
ing enough observations to reach the required con- 
clusion, and, finally, to allow the maximum amount 
of information to be deduced from the experimental 
data, are all instances of the guidance to be derived 
from statistical theory at the outset of an experi- 
mental undertaking. 

Another weighty advantage of the statistical 
approach, which also offers economies in large-scale 
practice, is that of enabling several variables to be 
investigated simultaneously in such a balanced 
manner that all the data give information about all 
the variables. The general case, where a number 
of variable factors are all mutually interdependent, 
obviously demands a vast amount of work if each 
variable is to be investigated separately over a 
range of every one of the others. Moreover, even 
were experimentation to be conducted under such 
ideal conditions, some degree of inaccuracy associ- 
ated with instrumental and observational errors is 
inevitable. The factorial type of statistical experi- 
ment offers a substantial reduction in the time and 
labour entailed in such work, while providing a 
close estimate of the degree of accuracy actually 
achieved so that acceptable conclusions can be 
drawn. Fisher’s experience in the use of these 
multiple-factor experiments in agriculture led him 
to stress the importance of obtaining an accurate 
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estimate of the error, rather than of going to un- 
economical lengths to minimise it. He emphasises, 
further, the benefits to be gained by including in the 
same experiment as many as possible of the factors 
the effects of which are under investigation, maintain- 
ing that this procedure is efficient in that it leads to 
@ desired standard of accuracy for the minimum 
number of observations, while yielding information 
on the extent to which the variable factors interact. 
Hence a pre-determined range of experimenting, 
planned and conducted along statistical lines, gives 
the widest inductive basis for the conclusions 
drawn. 

A third, and very valuable, feature of the statis- 
tical technique is that of providing standardised 
procedures for the analysis of experimental results 
which have an international connotation, so that 
comparison with the work of similar, or related, 
investigations is as definite as mathematics itself. 
The implication here is the inherently important 
point that statistical analysis overrides personal 
judgment by furnishing a numerical appraisement. 
Doubtless it is true enough, as Laplace said, that the 
theory of probabilities is common sense reduced to 
calculation, but not every reasonable mind takes 
precisely the same common-sense view by instinct, 
and it is a forward step when all sensible conclusions 
are based on a common mathematical foundation. 
Not the least illuminating, and sometimes humiliat- 
ing, consequence of treating experimental results 
statistically is the discovery that common sense is at 
fault or judgment unconsciously biased. By way 
of compensation, statistical analysis reveals much 
that is hidden from the most sensible or unbiased 
cursory examination. 

The basis of the techniques suggested by Mr. 
Brownlee for use by industrial investigators is 
essentially that of estimating the significance of 
data, in the statistical sense of the word. In the 
simplest possible language, and with a wealth of 
numerical illustration, his monograph introduces 
the fundamental statistical conceptions of signi- 
ficance levels, measures of variability, and the types 
of distribution associated with the names of Gauss 
and Poisson. Methods of utilising the numerical 
properties of statistical distributions are explained, 
and terms already familiar—like standard deviation, 
population, or confidence limits—assume a real 
meaning as the reader acquires confidence in their 
application to his own types of problem. Since the 
basic mathematical theory can be accepted as 
universally established, the practical use of statis- 
tical methods entails nothing more than arithmetic 
and an occasional excursion into logarithmic com- 
putation, and although the general analysis of 
variance can be formidable, it is complicated rather 
than inherently difficult, and demands nothing more 
than clear thinking once the simpler types of 
technique have been grasped. 

Not the least commendable feature of this mono- 
graph is that the practical application of statistical 
technology to industrial use has been kept promi- 
nently in mind, as regards both the types of problem 
considered and the examples postulated as illus- 
trations. As might be expected from the work on 
the manufacture of explosives, with which the 
author and his colleagues have been chiefly con- 
cerned, the illustrative examples and problems are 
often such as arise in chemical works when modifica- 
tions of processes or operations of pilot plants are 
under investigations. The chemical industry 
undoubtedly lends itself readily to a statistical 
approach, but the typical problems examined will 
present no difficulty on that account to the engineer, 
and the relation between his peculiar problems and 
those of other technicians is both obvious and 
intrinsically interesting. The identification of the 
quality-control chart for ranges with Bartlett’s 
test of significance, and of the quality-control chart 
for means with a particular aspect of the general 
statistical analysis of variance, are but two of 
many cases in point. It is reasonable to infer, 
therefore, that engineers in general, and more 
especially those who have acquired familiarity and 
confidence in using quality control, should hence- 
forward take a prominent part in adapting statis- 
tical analyses to their own types of large-scale ex- 
perimental work and applying them more extensively 
than hitherto. 








THE MARKET FOR AGRI- 
CULTURAL MACHINERY. 


THE two main desiderata of the nations of a 
distracted world are more food and the ability to 
discuss and settle their many problems with good 
will on all sides. It is natural ‘that the upheaval 
caused by the war should have left many difficulties, 
both national and international, and these are not 
likely to be solved without more mutual under- 
standing than is being exhibited at the moment. 
In these circumstances, an organisation which puts 
forward ‘‘a plain business proposition ” which will 
induce “a new feeling of security and confidence ” 
and make “those political problems much easier 
to solve” must attract attention. The World 
Trade Alliance Association has evolved a scheme 
for the “creation of an international organisation 
for expansion and development all round and 
particularly of the abnormal under-developed areas 
of the world.” A World Trade Alliance Council 
would be set up and maintained by governments 
to regulate international trade. It would form a 
series of World Export Product Committees for 
each main export product, which would supervise 
production and distribution and maintain reason- 
able economic price levels. 

It is stated that the World Export Product 
Committees would consist of ‘‘ representatives of 
governments, experienced business men and con- 
sumers.” The addition of these two latter classes 
might be expected to ensure that the attention and 
activities of the committees would not be too 
exclusively dominated by political considerations, 
but, even assuming their constitution was of an 
unexceptional kind and that the government repre- 
sentatives were statesmen rather than politicians, 
it is difficult to imagine some countries, which need 
not be named, allowing any committee which was 
not in effect part of the government to supervise 
production and distribution. Matters of this kind 
belong to a sphere of world politics into which it is 
not the business of ENGINEERING to enter, but there 
are some features of the proposal made by the World 
Trade Alliance Association which bear directly on 
the interests of engineers. 

It was suggested at the outset that more food is 
one of the main requirements of the world at the 
present time; the better distribution of what is 
available is a closely associated matter. This 
subject, which is one of the main interests of the 
World Trade Alliance Association, is being dis- 
cussed this week at the Copenhagen meeting of the 
Food and Agriculture Organisation. The outcome 
of that meeting may throw light on the possibilities 
and probabilities of the wider programme for the 
general consideration of world trade. That the 
question of food is looked upon by the Association 
as @ major item of interest is shown by the fact 
that the first report of the Trade Relations Research 
Bureau, which has been set up in connection with 
the Association, is concerned with ‘‘ Mechanical 
Equipment for an Immediate and Short-Term 
Expansion of World Food Production.” The report 
is specifically concerned with tractors and arable 
farm equipment. It is to be followed by others 
dealing with other aspects of agricultural activity. 

The report points out that food constitutes a 
striking example of the failure to regulate the 
distribution of world products. Over-production in 
some countries has led to the actual destruction of 
foodstuffs at a time when there was under-nourish- 
ment in many others. Even within a single country 
there has at times been inadequate regulation; in 
1936, farmers in the Middle West of the United 
States were being subsidised to grow less food 
when unemployed industrial workers in Chicago 
and other towns were not getting exough to eat. 
In view of the standard of living ruling in many 
backward countries, the contention of the report 
that, taking the world as a whole, there has never 
been over-production may be accepted. Two con- 
clusions are drawn; first, that distribution should 
be improved, and second, that production should 
be increased. Distribution is a matter for the 
proposed Export Product Committee, or the Copen- 
hagen Congress, and need not further be discussed 
here, but increased production is a matter of direct 
engineering concern. 





Any considerable rise in the output of farm pro- 
ducts must be obtained by increased mechanisation. 
Two illustrations of this general principle were 
furnished by Russia and this country during the 
war, in both of which the acreage under crops and 
the output were greatly increased, in spite of labour 
shortage, by more than doubling the equipment of 
farm machinery. The present agricultural-tractor 
position in the chief countries of the world is shown 
in an interesting table contained in the report. 
This is divided under the headings of countries 
already well equipped and those in which immediate 
extension of mechanisation is possible. The latter 
section includes Belgium, Denmark and France, 
and may suggest market possibilities to some 
tractor manufacturers. Somewhat surprisingly, 
Great Britain occupies second place in the list of 
countries at present well equipped, the order being 
based on the acres per tractor, not the total number 
of tractors. First place is occupied by New Zealand, 
with 36 acres per tractor; Great Britain has 50, 
and the next country on the list is the United States 
with 109, followed by Switzerland with 110. The 
figure for Canada is 238, and that for Russia, 
296. 

It is important that these figures should not be 
misunderstood. They relate only to acreages under 
the main food crops utilised for human consumption, 
that is, cereals, potatoes and sugar beet. It is 
suggested in the report that if all crops are taken 
into account, the acreage per tractor will be in- 
creased by 80 per cent. to 100 per cent. It would 
appear, however, that the order of mechanisation 
might also be modified. If cotton and tobacco 
were included it might well be found that the 
United States would move up to the first position, 
instead of occupying the third. There is a further 
aspect of the matter which should not be over- 
looked. Even confining attention to food crops, 
it is likely that although, in terms of numbers of 
tractors, the relative positions of Great Britain and 
the United States may be as given, if tractor 
capacity became the basis of comparison, a different 
order would result, especially in view of the much 
larger size of cultivated areas in the United States 
and the consequently greater efficiency with which 
farm machinery may be employed. In case the 
figures given may suggest to manufacturers that 
British farming is approaching a state of full equip- 
ment and is not likely to be an important source of 
demand in the future, it should be added that the 
opinion is expressed in the report that the present 
equipment should be doubled. 

Among continental countries in which British 
manufacturers might hope to find a market, the 
Netherlands, Norway and Sweden are described as 
well advanced in farm mechanisation, but as the 
acres of food crops per tractor are 200, 152 and 185, 
respectively, they are still apparently far behind 
Great Britain in this matter and must be a 
long way from saturation. The figures for Belgium, 
Denmark and France, in which “an immediate 
extension of mechanisation is possible,” are 460, 
660 and 763. Eire, a small market, but immediately 
at hand, has the high figure of 1,063. Any long-term 
agricultural-tractor manufacturing policy would be 
likely to include the Colonies, and other relatively 
undeveloped countries, as likely future markets. 
The report is not able to give figures of acres per 
tractor for British territories in Africa and similar 
cases, but it is known that the tractors in use are 
few in number. The report points out that in 
many backward countries ‘age-old methods of 
cultivation” are in use, the peasants holding their 
land in open strips in a way that makes large-scale 
mechanical cultivation impossible. The strip system 
existed in England in the past and it was only after 
the introduction of “‘ enclosure ” that the relatively 
large fields of modern farms were gradually built up. 
The enclosure of strip lands began in Tudor times, 
but was not completed for some hundreds of years. 
It caused much social unrest and hardship, and 
encountered much opposition. The same effects 
would be likely to follow in undeveloped African 
or other countries to-day, even if the World Trade 
Alliance Council had large funds to assist the con- 
version. Mechanisation on any important scale in 
any country now cultivated mainly by peasant 
proprietors can only be a very slow matter. 
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NOTES. 


Basic Roap Sratistics. 

BEFORE the outbreak of war, the British Road 
Federation, 44 Bloomsbury Square, London, W.C.1, 
annually compiled a series of ‘‘ Basic Road 
Statistics” in an attempt to bring some order into 
the confusion which arose from the use of contra- 
dictory or conflicting data. The last issue of this 
booklet, published in 1944, has recently been re- 
printed, and it is hoped to resume annual publica- 
tion as soon as official statistics are made regularly 
available. In the meantime, the opportunity has 
been taken of reeissuing a number of the tables which 
appeared in these booklets and of bringing them 
up-to-date, as far as possible, with the assistance of 
the Ministry of Transport. The information given 
includes figures of the number of employees engaged 
in the various branches of road transport, and 
related data showing the traffic density on the roads 
of different countries and the growth of traffic which 
has occurred in areas of different characteristics in 
Great Britain. Detailed statistics regarding the 
accidents suffered by various classes of road users 
are also set out on an absolute and comparative 
basis with the figures for 1928 as a datum, while 
the number of motor-vehicle accidents sustained 
annually in certain countries are compared on the 
basis of deaths per million gallons of motor fuel 
consumed. Unfortunately in none of these cases 
are figures available more recent to those relating 
to 1939; and the same is true of the statistics 
giving the mileages of the different classes of road 
and the number of vehicles per mile using them. 
On the other hand, it has been possible to record 
that the number of tramcars in use fell from 7,900 
in August 1939 to 6,200 in the same month of 1945, 
and that, as might be expected, there was also a 
progressive decrease in the employment of horses. 
A useful section of the booklet deals with the Parlia- 
mentary measures which affect road transport and 
gives brief outlines of the Road Traffic Act, 1930; 
the Road and Rail Traffic Act, 1933; the Road 
Traffic Act, 1934; and the Road Haulage Wages 
Act, 1938. War-time legislation is also briefly 
reviewed, while figures are given which enable the 
positions of the passenger and goods transport 
industries to be appreciated, though here again the 
value of the data is much reduced by the fact that 
it is inevitably out of date. A final section deals 
with Road Fund finance and the political considera- 
tions which are inseparable from this subject. 


THe Mrintne Reszarou Laboratory. 

Technical details of some of the work conducted 
in various industrial research laboratories during 
the war years, are now gradually being published. 
Thus, much time has been given in the Mining Re- 
search Laboratory, Royal School of Mines, London, 
S.W.7, to the development of a satisfactory filter- 
ing medium for the cleaning of gas from mobile gas- 
producing plants. It was not deemed to be in the 
best interest of the nation that data on these tests 
should be published at the time, but a brief account 
of the results of the investigation is given in the 
report on the work of the Laboratory during the 
two years ended March, 1945. The report, which 
has been prepared by the Director of the Laboratory, 
Mr. J. Ivon Graham, and has just been published, 
states that in the earlier years of the war moistened 
slag wool was found to be the most satisfactory filter 
for the removal of particles entrained in the gas 
from vehicular producers. In working practice, 
however, the heavy slag wool was found to have 
disadvantages. Engine wear, althqugh much less 
than with any other form of filter previously applied, 
proved to be still high. The removal of the obnox- 
ious dust by the condensation of steam upon the 
particles of solid matter was investigated, especially 
as the method is of general interest in other dust 
problems connected with mining. Encouraging 
results were obtained in tests conducted during the 
summer of 1943, and the method was protected by 
a patent application. The novelty of the method, 
the report states, lies in the introduction of the hot 
gases into a heat-insulated chamber, containing a 
small quantity of washing water or water of con- 
densation, so that the water is maintained at as high 
& temperature as possible in order to facilitate evap- 





°ration and saturation of the gas. Further prom- 
ising results were obtained in collaboration with the 
Ministry of War Transport, the Gas Light and Coke 
Company, and the British Coal Utilisation Research 
Association, but eventually the Laboratory staff 
engaged on this work was transferred to work then 
of greater moment and of more ditect interest to 
mining. The subject of the measurement of the 
size of particles smaller than the smallest mesh sieve 
is of great importance from the point of view of dust 
dispersion and suppression. The most reliable and 
most useful determination is that of the “‘ specific 
surface,” namely the surface possessed by one 
gramme of the original sample, and much informa- 
tion has now been obtained in regard to the specific 
surface of samples of air-borne dust. Other 
investigations connected with dust problems in 
mining operations have included the influence of 
moisture content upon the dispersibility of dust, 
the permeability of coals of different type to water, 
and the ‘‘ wettability ” of coal. The funds required 
for carrying on the Laboratory’s work are supplied by 
grants from the Mining Association of Great Britain 
to the British Colliery Owners’ Research Associa- 
tion, and by grants from the Safety in Mines Re- 
search Board. 


REGISTRATION OF BUILDING AND CIVIL 
ENGINEERING CONTRACTORS. 


The Ministry of Works have announced that repre- 
sentatives of specialist firms in the building industry 
have suggested to them that the requirement to be 
registered under Defence Regulation 56 AB is not 
fully understood by firms in the industry and that 
further publicity is needed to clarify the position. 
In a statement issued by the Ministry attention is, 
therefore, drawn to the fact that anyone carrying 
on any building or civil-engineering work in connec- 
tion with the construction, alteration, repair, decora- 
tion or demolition of buildings, docks, harbours, 
roads, aqueducts, canals, pipelines, plant founda- 
tions, cable trenches, railways, aerodromes, sea 
defences, river works, sewage works, gasholders, the 
erection of overhead-line supports, and any works of 
a similar nature, or the provision of water, light, 
heating or other services or operations for any such 
works, must have a certificate of registration issued 
under Defence Regulation 56AB. This require- 
ment applies to employers and persons carrying on 
businesses on their own account, but not to em- 
ployees. The general effect of this is that all under- 
takings engaged wholly or mainly on general build- 
ing; the installation of heating, ventilation and 
electrical equipment in building and civil-engineer- 
ing work; public-works contracting; dredging, 
excavating, piling and foundation work; railway, 
highway and sewage civil-engineering work ; con- 
structional engineering, scaffolding, or demolition 
work, must be registered. The list is not compre- 
hensive, and it is pointed out that undertakings 
engaged on activities covered by the Regulation but 
not specifically mentioned in the Ministry’s present 
statement are not relieved from the obligation to 
register. Forms of application for registration 
(B.C.E. 2G) may be obtained from the Registrar, 
Building and Civil Engineering Contractors, Ministry 
of Works, 271-277, High Holborn, London, W.C.1. 
The control of entry into the industry has been dis- 
continued and certificates are granted to all appli- 
cants, unless a certificate previously granted has 
had to be revoked or the applicant has been con- 
victed of illegal building. 


Tue Gas WELDING OF MAGNESIUM ALLOYs. 


Magnesium alloys were utilised extensively during 
the war and it is probable that their use will con- 
tinue to be developed in the future. An important 
characteristic of magnesium is its chemical activity, 
but, in spite of this, the welding of alloys of the 
metal is not difficult; it is possible to obtain 
sound welds consistently, provided that the operator 
pays continuous attention to the details of the 
technique. Special interest, therefore, attaches to 


@ report entitled ‘‘ Technique for the Gas Welding 
of Magnesium Alloys,” issued by the British Welding 
Research Association. The publication which may 
be obtained, price 2s., postage included, from the 
Director of the Association, 29, Park-crescent, 
London, W.1, has been prepared by a joint com- 





mittee of the Association and of the British Non- 


Ferrous Metals Research Association. It is pointed 
out in the report that unalloyed magnesium is 
seldom, if ever, welded, and the two classes of 
wrought alloys most commonly welded in this 
country are binary alloys, containing about 1-5 per 
cent. of manganese and materials containing about 
6 per cent. of aluminium, | per cent. of zinc, and 
about 0-3 per cent. of manganese. The welding of 
the latter material in this country is at present 
mainly confined to tubes, whereas the 1-5 per cent. 
manganese alloy is used in the construction of 
complicated assemblies. The report states that 
this alloy can be welded readily with ease, 
but to achieve this most advantageously, the 
designer must make adequate use of all available 
forms of the metal, such as tubes, extruded sections, 
and sheets. The use of castings in welded struc- 
tures, however, introduces some difficulties and 
where they can be economically replaced by other 
forms, castings are best avoided. It is emphasised 
that the most important limitation in the welding 
of magnesium alloys is the absolute prohibition of 
fillet and lap welds, but as such joints can be 
replaced, in most cases, by the insertion of a suitably- 
shaped extruded member, this limitation is con- 
sidered to be of relatively small importance. The 
report deals adequately with such matters as edge 
preparation, setting up, manipulation, and the 
inspection and testing of welds, and a good deal of 
space is devoted to finishing and protective treat- 
ments. An adherent protective film, which also 
forms a base for a paint finish, is produced on the 
surface of the metal by a chromating treatment. 
Two types are in general use, the first being usually 
referred to as the R.A.E. (Royal Aircraft Establish- 
ment) half-hour hot bath, and the second as the 
acid-chromate treatment. The report states that 
the R.A.E. treatment is particularly suitable for 
chromating the aluminium-containing alloys, while 
the acid-chromate treatment is used for welded 
parts of the 1-5 per cent. manganese alloy. The 
acid-chromate treatment has the advantage of being 
applied at room temperature and this avoids any 
possibility of distortion, which, it is stated, may 
occur by boiling in the R.A.E. solution for half-an- 
hour. 
EXTENSIONS TO GENERATING PLANT. 

The Central Electricity Board announce that, since 
the beginning of the present year, they have made 
arrangements with authorised undertakings for an 
increase in the generating capacity of selected 
stations associated with the grid by a further 
1,029,000 kW. Of this total, 339,000 kW are due 
for commission by the winter of 1948 and 690,000 kW 
by the winter of 1949. The arrangements include 
provision for the first sections of four of the 18 new 
stations which, according to the annual report for 
1945, were to be completed by 1949. These 
stations are the Braehead station of the Glasgow 
Corporation, in which one 50,000-kW set with two 
300,000-lb. boilers will be installed ; the Skelton 
Grange station of the Leeds Corporation with two 
60,000-kW sets and four 360,000-Ib. boilers ; the 
Staythorpe station of the Derby and Notts Electric 
Power Company with two 60,000-kW sets and six 
240,000-Ib. boilers ; and the Rye House station of 
the Northmet Power Company with two 32,000-kW 
sets and two 350,000-lb boilers. Other extensions 
include a 60,000-kW set at the Portobello station of 
the Edinburgh Corporation, of which mention has 
already been made on page 164, ante; and three 
75,000-kW sets at the Barking station of the County 
of London Electric Supply Company. Sets of 
50,000-kW capacity are to be installed in the 
Bromborough station of the Birkenhead Corpora- 
tion, in the Prince of Wales station of the Rotherham 
Corporation, in the Southwick station of the 
Brighton Corporation, and in the Poole station of 
the Bournemouth and Poole Electricity Supply 
Company. The Clyde’s Mill station of the Clyde 
Valley Electric Power Company and the Walsall 
station of the West Midland Joint Electricity 
Authority are each to be extended by two 30,000-kW 
sets. In consultation with the authorised under- 
takings concerned, the Board, we understand, are 
now engaged in the preparation of a programme of 
plant extensions for 1950 which contemplates a 
further increase of generating capacity in that year 





of some 1,470,000kW. 
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LETTERS TO THE EDITOR. 


THE CULT OF THE MODEL. 


To THE Eprror oF ENGINEERING. 

Srm,—I was greatly interested in your article on 
page 205, ante, and the philosophical approach to 
model engineering. I entirely agree that the making 
of a model is a primitive urge and, in this age, there 
is every incentive for this to develop. I would like 
to underline that this form of self-expression is 
natural and not the refuge of the sub-normal. 

Your reference to the purists’ definition of a model 
brings forward this often-debated question. In 
different fields it has various meanings; to the 
couturiére it has, I believe, a very special significance, 
the nearest I have ever been able to get to it being 

‘one off.”” Perhaps such a definition would be as 
good as any. 

To those engaged professionally in engineering 
who do not come into contact with the model 
engineer, I would say that we are not entirely re- 
cruited from the clergy and the candlestick maker, 
although such continue to show that craftsmanship 
and mechanical perception are not solely the con- 
comitant of a technical background. This is well 
known. What is so healthy is that in our society, 
the majority are engineers engaged professionally, 
along the scale including direction and every 
variety of tradesman; also, drivers and firemen 
interested in small locomotives. 

Your suggestion that model engineering societies 
should collaborate in drawing up a list of models to 
make for posterity is extremely good and I assure 
you that, so far as this Society is concerned, it will 
receive the consideration it so well merits. Pri- 
marily, we seek to encourage craftsmanship and, if 
this can be attracted to producing models of his- 
torical value, then model engineers can make a 
valuable contribution to posterity. As a personal 
opinion, I consider a great deal of craftsmanship is 
wasted in producing models that, in a decade, will 
have no real interest, such makers being interested 
in producing only a semblance of the prototype 
without concerning themselves with the accuracy of 
detail. 

Apropos, I am at present developing a scheme 
whereby certain models of a given high standard of 
workmanship, and as accurate in detail as can be 
ascertained, shall be submitted to a competent body 
for inspection. If they pass the inspection, that 
body would issue a suitable certificate. Such 
models would be few, but would stand alone, and 
would thus be entitled to a place of safe keeping for 
the benefit of future generations. 

Yours faithfully, 
J. J. Pacey, 
Secretary, 
The Society of Model and Experimental 
Engineers. 
69, Chandos-avenue, 
Whetstone, London, N.20. 
August 31, 1946. 





THE THEORY OF HEAT ENGINES. 
To THe Eprror oF ENGINEERING. 


Sir,—The following notes may be of value to 
those of your readers who are interested in the 
theory of heat engines. 

(a) On the use of a log scale for interpolating 
volumes and pressures on the total heat-entropy 
chart for steam. 

The change of entropy between conditions 1 
and 2 on the isothermal zy of Fig. 1 for unit 
mass of a perfect gas is given by 

P, V; 

a —* loge Me A or® log, 
Considering the three points 1, 2 and 3, it is seen 
that 


a: b = loge ¥? : + loge 


It follows that lines of constant volume (shown 


Fig. 2, shows how both volumes and pressures may 
be interpolated by using the log scale of a slide 
rule. Very fair accuracy is obtained in spite of 
the fact that steam is by no means a perfect gas. 

It may also be of interest to readers that the late 
Professor A. W. Porter, when Professor of Physics 
at University College, London, informed the writer 
that Professor Callendar had shown him an outline 
of the total heat-entropy chart for steam some 
time before it was published in Germany by Mollier. 

(6) In developing the theory for the critical 
pressure ratio in a steam nozzle, it is usual to 
assume that the conditions at the throat will adjust 
themselves so that the mass flowing per second per 
square inch of throat section will be a maximum. 
A similar argument has been used in hydraulics 
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to determine the flow over a broad-crested weir. 
Actually, the level over the weir will adjust itself 
at some point to that of minimum energy. The 
same principle can be applied to the case of the 
nozzle. 

Assuming, as usual, that expansion follows the 
adiabatic law P VY = const. from the inlet condi- 
tions (1), where the velocity of approach is S, ft. 
per second, to the throat conditions (2), then by 
Bernoulli’s law 
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dotted) can be interpolated by means of a log scale. 
Applying the same method to the steam chart, 











where A, is the area of the throat and M is the rate 
of flow in pounds per second. 
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which agrees with the usual theory. 

Let us consider the case of air, originally at P, = 
100 lb. per square inch and T, = 660 deg. F. abs., 
and for which y=1-4 and R= 53-2, so that 
V, = 2-438 cub. ft. per pound. If we now apply 
equations (1) and (2) together with the equation 
of continuity, MV, = A,S,;, we can find, as in 
the table below, the effect of the velocity of 
approach, 8,, and hence of T,, from equation (2), 
on the critical pressure P,. The table also shows 
the area of throat required to pass 1 Ib. per second 
of air at this 

The relationship between y and the critical 
pressure ratio is well known, but the effect of th 
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velocity of approach is usually ignored. It is seen 
from lines 1 to 4 of the table that the velocity of 
approach has a marked effect on the values of 
Pp, and A,. Line 5 is given to show the effect of 
taking an incorrect value of P, for the given value 
of y when the velocity of approach is negligible. 
It is seen, on comparing with line 1, that the 
effect on the area A, is small. 























, 
8) T2 Ve P2 | 8 | A 

Line. | (ft. per | (deg. F. | (cub. ft. | (Ib. per | (ft. per | 0", ) 
sec.). abs.). |per sec.).| sq.in.).| sec), | 84 **? 

! | } 
1 0 550 | 3-846 | 52-8 1148 | 0-00335 
2 | 203-7| 556 | 3-743 | 54-8 1155 | 0-00324 
] 379-0 560 3-676 56-26 1160 | 0-00317 
4 | 470°4| 566 3-580 | 58-4 1165 | 0-00306 
0 566 | 8-580] 58-4 | 1061 | 0-00337 

Yours faithfully, 
B. Lioyp-Evans, 


Assistant Professor, Engineering Dept. 
University of London, 
University College, 
Gower-street, W.C.1. 
July 27, 1946. 





ELECTRICITY-SUPPLY COMPANIES 
AND NATIONALISATION. 


To THe Eprror oF ENGINEERING. 


Sm,—Owing to unavoidable circumstances I have 
only just seen ENGINEERING of August 2 which con- 
tains an editorial note, on page 111 on the refusal 
of the Power Companies to help Mr. Shinwell to 
frame his Bill for the nationalisation of the elec- 
tricity industry. Will you permit me to say that I 
feel this calls for some response, even though it is 
now a little late in the day. 

If I have grasped your meaning aright, you think 
the Companies’ decision was wrong, or at best only 
doubtfully right. I will recall the reasons you gave, 
in their sequence, and append my replies. 

1. Nationalisation is inevitable. 

This affords no moral justification for opponents 
aiding and abetting its realisation. Nor does it 
automatically impose obligatory acceptance, in 
docile obedience to the will of a Parliamentary 
majority. It can be conceivably a public duty thrust 
upon the opponents to oppose the inevitable. That, 
in fact, is precisely how the companies regard the 
* inevitability ” of nationalisation 

2. By helping to frame the Bill the companies 
might influence the choice of method of implement- 
ing the policy of nationalisation. 

To the extent that company influence (by argu- 
ment or other means adopted under the guise of 
co-operation) diverted the Government from their 
determination to nationalise the industry the com- 
panies would be guilty of craftily sabotaging the 
will of the people as expressed in the alleged 
“* mandate.” 

3. The companies would have the opportunity of 
sharing in working out the details of the new 
administrative policy. 

This could offer no attraction to the companies 
unless they could veer that policy in the direction 
they favoured. Here again, such ‘“ co-operation ” 
would be a rather disreputable subterfuge, accept- 
able only to potential or actual quislings. 

4. The companies’ attitude ignores the extent 
to which “ nationalisation ”’ (your inverted commas) 
has already been effected, as witness the grid and 
public authority undertakings. 

As a ‘“‘reason”’ this requires considerable ampli- 
fication since it is capable of a variety of interpreta- 
tions. Is it intended to mean that here are two 
examples of “ nationalisation ’”’ which are success- 
ful? If so, the obvious answer is that Mr. Shinwell 
firmly rejects the brand of “‘ nationalisation ” they 
represent. Or is it intended to mean that the com- 
panies should have endeaaoured to reach an agree- 
ment with their “rivals” before answering Mr. 
Shinwell ? This seems a probable intention since 
your editorial ends with a hope that the companies 
will at least “find out what the municipal under- 
takings propose to do im response to a similar 
invitation.” Cautionary moves of this kind would 
have laid the companies open to a charge of discre- 
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tionary self interest—which would be quite intoler- 
able. 

May I conclude with a general observation. The 
companies do not pretend to be inspired by sheer 
altruistic motives in their opposition to nationalisa- 
tion. They have a comprehensive experience of the 
problems of the industry: administrative, mana- 
gerial, financial and technical. They speak with a 
profound knowledge of the industry, and with a no 
less profound honesty, when they say they believe 
the public will gain nothing, but lose substantially 
if it is nationalised. In the circumstances, it was a 
moral and practical impossibility for them to take 
any other stand than that of the rigid refusal to be 
associated with a disintegrating process. It is 
known now that Mr. Shinwell has persuaded the 
municipalities to help him. That is their responsi- 
bility. It proves nothing, but may well presage 
the beginning of the end of that pride in local 
government which is the bond uniting individuals in 
selfless communal service. 

Yours faithfully, 
Frank D. Lona, 
Press Officer. 
Edmundsons’ Electricity Corporation, Limited, 
2, Queen Anne’s Gate, 
Westminster, 
London, 8.W.1. 
August 26, 1946. 

[We find nothing at which to cavil in Mr. Long’s 
interpretation of our opinions. The difficulty is that 
‘‘ nationalisation ’”’ means so many things (hence our 
“inverted commas’’); and that nobody, including 
probably the Minister of Fuel and Power, knows what 
form it will take when applied to the electricity-supply 
industry. If, however, it is admitted that some form 
of re-organisation on a national basis is desirable (as 
we think it is), surely it would be wise for those who 
have had long experience with the daily problems of 
the industry to do their best to ensure that the proposed 
machinery is workable before its form is crystallised in 
some Act or regulation.—Eb., E.} 





OBITUARY. 


MR. I. W. CHUBB. 


Ir is with regret that we record the death of Mr. 
Isaac William Chubb, which occurred, after a short 
illness, in a nursing home in Banstead, Surrey, on 
September 1. Mr. Chubb, who was Editor of our 
contemporary, The Machinist, for 42 years, was 
born in London in 1871. 


SUPPORTS FOR OVERHEAD 
LINES. 


By D. A. Srewart, A.M Inst.C.E., 
A.M.LE.E. 


During the past few months, questions addressed 
in Parliament to the Minister of Fuel and Power, 
together with his replies, have made it abundantly 
clear that an acute shortage of transmission poles 
exists. This shortage affects not only the electricity- 
supply industry and rural development generally, 
but also the telecommunication systems of the 
country. Its effect is cumulative, so that while the 
deficit on requirements for the supply industry alone, 
for 1946, is approximately 45,000, the shortage in 
1947 will be in the neighbourhood of 195,000. The 
whole situation is closely linked with the question of 
coal output, and is unlikely to improve until it is 
again possible to export suitable coal in the necessary 
quantities. It may be necessary to consider, also, 
whether wood poles or feeding stuffs represent the 
better investment. Ifthe wood pole is not available 
and overhead transmission is to continue to be used, 
& substitute support must be employed ; the type 
which suggests itself most readily is the reinforced- 
concrete pole. 

There is much to be said both for and against 
concrete poles, the main disadvantage being the low 
ratio of strength to weight. On the other hand, a 
well-designed and well-made pole will outlast two 
wood poles and require no maintenance. Improve- 
ments in design have been retarded by lack of 
sufficient data regarding the conditions that the 
poles have to withstand; for instance, it is only 
recently that a full investigation into the effect of 
wind velocities on the loading of wires and poles has 
been completed. This work has shown that the old 
assumptions with regard to the relationship between 
wind velocity and the forces imposed are inaccurate, 
and that such devices as streamlining are of no 
practical value. 





The bearing of research work on the conditioning 
|and performance of concrete poles is twofold. In 
| the first place, limiting conditions of loading can be 
| determined and hence a rational factor of safety can 
be specified. Secondly, because the limiting con- 
ditions are known, the stresses carried by the 
materials forming the pole can be increased so that 
‘a pole will fail when the applied load exceeds the 


| normal load multiplied by the factor of safety, plus 
He received his general | a small percentage. 


It is of the greatest importance 


education at a church school in Vauxhall and, in | that a standard value should be determined for the 
1886, became an apprentice in the works of Messrs. | factor of safety and that this value should be fixed 
R. Hoe and Company, Limited. On the completion | by those who know the limiting conditions and the 


of his apprenticeship in 1891, he entered the employ 
of the General Electric Power and Traction Com- 
pany, Limited, Kentish Town, London, as a 
draughtsman. Here he worked on the design of 
early disc-type coal-cutting machinery and of small 
motors and generators of various types. 


| average class of workmanship and material put into 
| the manufacture of the poles. 


The British Standard Specification, No. 607-1946, 


| states that this value shall be decided by the pur- 
| chasers but it is doubtful whether the purchaser is 
In 1892, | the proper authority to state the value of the safety 


Mr. Chubb joined the staff of the Brush Electrical | factor since, in many instances, he cannot possess 
Engineering Company, Limited, and was engaged on | the necessary information from which to derive the 


the design of junction boxes, fuses and switchgear. limiting conditions. 
| effect of nullifying the whole object of a standard 


He afterwards assisted in the installation of central 
power-station equipment in the area of the County 
of London Electric Lighting Company. 

In 1893, when 22 years of age, Mr. Chubb obtained 
a Whitworth Exhibition. With the aid of this he 
attended evening courses in engineering and scien- 
tific subjects at various London colleges. During 
this period of his career he also contributed a number 
of engineering articles to the Mechanical World, 
Practical Engineer and other journals and finally 
decided to become a technical journalist. In 1896, 
Mr. Chubb joined Messrs. Cassell and Company, 
Limited, as electrical editor of all their publications. 
He resigned his position with Messrs. Cassell in 1903 
to become the Editor of the European edition of the 
American Machinist, later known as The Machinist, 
and afterwards, during the publication of the Euro- 
pean edition of Power, he also edited that journal. 
Mr. Chubb retained his position as Editor of The 
Machinist until his retirement on November 1, 1945. 
Many important developments were made during 
his period of office and these were dealt with in all 
their aspects in the columms of his journal. He was 
elected an associate member of the Institution of 
Electrical Engineers in 1899. 


Further, the clause has the 


specification, and hence the standardisation of 
moulds and other manufacturing and handling 
equipment. 

Ultimately, as in other cases of a like nature, some 
arbitrary value comes into popular use, which has 
no reasoned relation to the facts. An unnecessarily 
large factor of safety, say, three, when one or two 
would be adequate, is of no great significance when 
the product concerned is to be made in small num- 
bers, but when these numbers run into hundreds of 
thousands it is evident that the difference between 
the higher and lower value of the factor will have a 
marked influence on production and handling costs. 
It is of the greatest importance, therefore, in the 
case of transmission poles, which may have to be 
produced in very large numbers, that the factor of 
safety adopted should be determined on the basis 
of sound experimental data. 

Of the three materials used in the manufacture 
of reinforced-concrete line supports, two are pro- 
duced under scientifically-controlled conditions, 
whereas the aggregates are drawn from natural 
deposits and are subject, in consequence, to the range 





of variations which this implies. Since the type and 
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size of the aggregate has an important bearing on 
the strength and density of the concrete, because 
of its effect upon the workability for any given water/ 
cement ratio, it is incumbent on the specifying 
authority to make a careful examination of the 
aggregates available, and the method of casting 
to be employed by the manufacturers, before specify- 
ing the mix and the water/cement ratio to be used. 

The maximum water/cement ratio permitted by 
B.S. 607 is 0-55, which, with the dry-material ratios 
specified, will give a stiff mix with j-in. crushed 
granite and a medium-wet mix if a rounded water- 
worn flint aggregate of the same size is employed. 
Apart from the type and size of aggregate, the value 
of the water/cement ratio will be largely decided by 
the method of placing. There are three methods 
which may be used, and each will require a definite 
consistency of mix to suit its particular technique. 

The first and most common is ordinary hand 
placing, where the rate at which the form work can 
be filled increases as the water/cement ratio rises, 
especially between the values of 0-45 and 0-55. 
With normal practice, using this technique, densities 
of 140 Ib. to 143 Ib. per cubic foot may be expected, 
but the placing of the reinforcement and the shape 
of the form work will have a distinct bearing on the 
mean values obtained. Of all the methodsthat may 
be adopted, this is the most liable to wide variation 
from the mean. 

The second method is spinning, which, while 
offering a number of advantages, notably the elimi- 
nation of the human factor and a higher density 
in the concrete, has a limiting feature in that the 
product must be of circular cross-section. Such a 
cross-section tends to produce an unnecessarily 
heavy pole, particularly where the overall diameter 
is small at the butt and the pole tapers towards the 
top. In addition, because of the reduction of 
diameter between the base and the top of the pole, 
for any given speed of rotation the compacting force 
falls off as the diameter is reduced, and so the 
density of the concrete will tend to vary over the 
length of the pole. . 

The third method involves the use of high-specd 
vibration to consolidate the concrete in the mould. 
This means of placing concrete is tending to become 
more popular, but, even so, it is not very widely 
used and there are few firms who apply its principles 
scientifically. On the whole, controlled vibration 
is extremely consistent in its action in compacting 
concrete, and the pressures developed can be as 
great as those arising in spinning. The result is 
the production of extremely dense concrete with 
values ranging from 145 lb. to 153 lb. per cubic foot, 
while the water/cement ratio can be reduced to a 
value in the neighbourhood of 40 per cent. 


Each of these methods has its advantages, and 
hence each must be given due and careful considera- 
tion. Hand placing, for instance, requires only 
relatively light and cheap forms, which are inexpen- 
sive to produce. The work can be done at any cast- 
concrete works in any part of the country, and, 
provided that sufficient skilled labour is available, 
good and reasonably consistent casts can be made. 
Spinning, on the other hand, requires fairly heavy 
capital expenditure and, consequently, the number 
of plants available is quite small. With spinning, 
however, labour is a smaller item than in hand plac- 
ing and, at the present time, this is an advantage. 
Vibration placing is on a level with spinning in 
regard to plant and labour, but it has other advan- 
tages, already mentioned. 

Unfortunately, there are only a small number of 
plants in existence with which controlled vibration 
is possible. The only pole-making plant is that at 
the cast-concrete works of the London Passenger 
Transport Board at Parson’s Green. This plant 
was installed in 1937 and was at work on post 
production until the beginning of the war. During 
1938 and 1939, it produced between 500 and 600 
*bus-stop posts, examples of which are to be seen 
all over London. Some of these posts have now 
been in service for nine years under conditions 
which have tested the imperviousness of the concrete 
very thoroughly. Examination of a large number 
of posts has disclosed no case of corrosion of the 
reinforcement, in spite of the fact that the cover 
over considerable sections does not exceed § in., 


view of this, it would appear reasonable, where 
vibration is used, to reduce the minimum cover 
from ? in. to } in., as in the case of spun concrete. 
The depth of cover is no deterrent to the ingress 
of air and moisture once cracking has developed, 
as, indeed, is probable when a pole is deflected 
under load. If light cover is used, special care 
must be taken during handling and erection to 
avoid chipping the surface of the concrete. 

In manufacturing concrete transmission poles, 
it is the density rather than the ultimate strength 
of the concrete that should be the chief aim of the 
grading, mixing and placing. Since a transmission 
pole can be regarded as a cantilever which may be 
loaded positively or negatively in two directions 
at 90 deg. to each other, it is evident that steel 
must be available to take up the respective tension 
loads; therefore, equal areas of steel must be 
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disposed on both faces of the pole carrying the loads 
normal to the line. To all intents, then, the line 
support is a steel pole protected by concrete, the 
concrete having to carry only quite small bond and 
shear stresses. 


conceive @ form of pole which offers the smallest 
surface to the weather, especially at the points 
where the main reinforcement is buried. Further, 


of concrete is required. It is evident that a pole | 
of rectangular cross-section, as shown in Fig. 1, offers 
less weathering surface at the points where the main 
reinforcement is embedded, than one having an 
I-shaped cross-section, as in Fig. 2. On the other 
hand, the I-section is much the lighter, unless a 
satisfactory means can be developed of coring the 
rectangular section centrally. Work is in hand at 
present which, it is hoped, will result in the design of 
moulds and equipment for producing a centrally- 
cored pole up to 45 ft. in length. 





THE HARWICH-ZEEBRUGGE TRAIN FERRY.—The Har- 
wich-Zeebrugge train-ferry service of the London and 
North Eastern Railway, which ceased operation on the 
outbreak of war in 1939, has now been resumed. For the 
present, there are to be three sailings weekly in each 
direction. 





CONFERENCE ON WELDING OF LIGHT ALLOYS.—A 
symposium on the welding of light alloys is being 
organised by the British Welding Research Association. 
It will be held on Wednesday and Thursday, October 16 


DEVELOPMENTS IN ELECTRICAL 
MEASURING INSTRUMENTS. 


A PROGRESS report on industrial electrical measuring 
instruments has been prepared by Mr. F. E. J. Ockenden 
and is published in the Journal of the Institution of 
Electrical Engineers for August, 1946. In this report 
it is pointed out that the electrical measuring instru. 
ment industry has always been ancillary to general 
engineering and the modern tendency, whereby many 
forms of mechanical measurement and control utilise 
electrical methods, makes this more than ever the case 
to-day. Thus, as the war period has produced engin. 
eering achievements of the highest order, so these 
have been reflected in the trend of instrument design 
during the last nine years. 

The technical problems which faced the designer 
during this time may be divided into three groups; 
firstly, the provision of instruments having special 
accuracy or meeting special requirements, resulting 
from developments in other of the engineering fields ; 
secondly, the production in very large quantities of 
instruments of standard pattern or accuracy, but for 
which only a moderate demand existed previously ; 
and finally, the manufacturing difficulties which had to 
be faced by all makers in 1940 as a result of the shortage 
of essential components, notably pivots, jewel bearings 
and control springs. 

So serious were these shortages that, for example, 
recourse had to be made for a short time to bearings 
of bronze, though this material was superseded by hard- 
ened steel, and later by toughened glass, Bearings of 
toughened glass have proved so successful, and the 
technique of their production has been so thoroughly 
worked out, that it appears likely that their use will be 
continued, particularly for instruments of the miniature 
patterns up to 3} in. diameter, in which the moving 
system is too light to damage the polished surface. 
The stronger, but more expensive, saelies bearings are, 
however, now in production in this country on a scale 
which is ample to supply all essential needs. 

Pivots were largely procured from the Continent 
previous to 1940, but most makers have now installed 
pivot-making plant (usually of their own design), and 
it is unlikely that the industry will ever again be 
dependent upon outside sources for this important 
component. Steel having a high carbon content con- 
| tinues to be the standard material employed for the 
manufacture of pivots, stainless steels usually being 
considered too soft to be suitable. Important claims, 
however, have been made for pivots constructed of 
osmium alloys, but the high cost, both of the material 
and the labour involved in working it, is likely to pre- 
clude its use in any but the most special cases, at any 
rate for the present. The position with regard to con- 
trol springs was very similar. Only some two or three 
| firms made their own springs before the war, and these 





This being the case, the designer’s problem is to | Were called upon to expand their production so as to 


meet the requirements of the whole industry. The 
general tendency recently has been for all manufac- 
turers of any size to install the necessary equipment 
whereby they have individual control over the quality 





the form should be such that the minimum weight | and accuracy of the product. 


Phosphor-bronze springs are still required where 


| the highest precision is needed, but where great sta- 


bility is essential, as for example in the design of 
instruments which are likely to be subjected to shock 
from gunfire, beryllium-copper springs have outstand- 


| ing advantages, since they are extremely resistant to 


mechanical deformation. They are, for this reason, 
particularly suitable for use in completely-sealed instru- 
ments where no zero-adjustment is provided. This 
material has an electrical resistance considerably lower 
than that of phosphor-bronze, and it can frequently be 
used in place of the relatively soft but low-resistance 
cadmium-copper. Chromium-copper offers still further 
advantages in this respect, but a suitable forming treat- 
ment has yet to be worked out. 

The prediction that improvements in permanent- 
magnet materials would most likely be in the direction 
of higher remanence values rather than in any further 
increase in coercive force has been justified. This is 
due to the commercial development of original experi- 
mental work which showed that magnetic material of 
high coercivity, if allowed to cool from white heat 
while in a powerful magnetic field, exhibited a marked 
improvement in its magnetic properties measured along 
the axis of the original field. To such an extent has this 
discovery been developed that the maximum B-H 








and 17, in the Henry Jarvis Hall of the Royal Institute 
of British Architects, 66, Portland-place, London, W.1. 
The programme will include four sessions, dealing respec- 
tively with the development of high-strength aluminium 
alloys for welding, the pressure welding and flash welding 
of light alloys, the spot welding of light alloys, and the 
welding of magnesium alloys. Demonstrations and 
exhibits will also be arranged at the offices of the Associa- 
tion. Although accommodation will be limited, a certain 
number of tickets will be available, and application 
for them should be made to the Association, 29, Park- 





while the maximum size of aggregate is } in. In 





product for steels of this directional type is between 
two and three times that attainable with steels cooled in 
the normal way. There has also been some improve- 
ment in the performance of the earlier steels during the 
period under review. Magnets of the highest class, 
however, still tend to be relatively expensive, and their 
economic use is thus an important consideration in the 
design of all but the most special applications, 

There has been a steady improvement in the 
magnetic alloys of both the nickel-iron and silicon-iron 
series, particularly in the direction of stability and 





crescent, Londen, W.1. 


consistency. In the case of the silicon-iron alloys, 
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considerable progress has been made in the technique 
of cold rolling the alloy containing 2-7 per cent. silicon 
with a view to the directional improvement of the 
structure in regard to permeability and core losses. 
Recent figures now show a maximum permeability of 
some 20,000 gauss, with core losses of less than 0-4 
watt per pound at a density of 10,000 gauss. The 
high flux densities obtainable in the gaps of moving- 
coil instruments by the use of modern permanent 
magnets have led to the increasing use of vanadium- 
cobalt iron (Permendur) as a means of avoiding satura- 
tion of the pole tips, since this alloy has the remarkably 
high saturation value of 26,000 gauss. 

No marked changes in the types of insulating ma- 
terials used in instrument construction have taken 
place during the period under review, though diffi- 
culties in the production of silk-covered instrument 
wire have resulted in a marked improvement in the 
quality of enamel coverings, especially those in which 
multiple layers of differing materials are used to com- 
bine in one covering the qualities of high insulation, 
freedom from pinholes, and sufficient flexibility to 
permit the wire to bend round a small radius without 
fracture of the covering. The high surface-insulating 
properties of such materials as polystyrene have been 
exploited wherever its thermoplastic characteristics 
are not detrimental, and it is also being increasingly 
used for the production of transparent instrument 
cases where, for educational or other reasons, it is 
desirable that the movement should be visible from 
outside the case. Recent experience has drawn atten- 
tion to the importance of eliminating organic materials 
from the inside of instruments which are to be used 
under tropical conditions, and this has been greatly 
facilitated by the introduction of flexible insulating 
materials of synthetic origin. 

A recent paper by Edgcumbe pointed out the advan- 
tages which could accrue to consumers and manufac- 
turers alike by the standardisation of measuring- 
instrument design. Service requirements of late have 
also had a considerable influence in this direction, 
especially on the design of small ammeters and volt- 
meters. An insistent demand for uniformity of the 
more important dimensions, such as barrel or case 
diameter, position and pitch of fixing holes and ter- 
minals, has been accompanied by stringent require- 
ments as regards reduction in weight and immunity 
from the effects of tropical climatic copditions. While 
manufacturers have had little difficulty in dealing with 
the questions of dimensions and weight, compliance 
with the climatic test has presented a greater problem. 
In spite of the help afforded by the use of rustless 
magnetic components and the avoidance of organic 
insulation, there still remained such items as steel 
pivots and bronze control-springs for which no com- 
pletely trustworthy protection could be provided. 

The acceptable solution, however, now appears to 
have been found in the hermetic sealing of the complete 
movement within its case. Recent examples of this 
form of design include models where the whole of the 
instrument cover screws on to the barrel, a rubber ring 
providing the necessary seal ; and others where modern 
metal-to-glass sealing is employed to make a metal- 
cased. instrument in which the glass front is welded 
permanently to the metal bezel. Since the provision 
of a zero-setting adjuster is liable to introduce an 
additional hazard to the tightness of these construc- 
tions, it is frequently omitted. 

The larger part played by radio transmission in 
modern warfare has resulted in a quite unprecedented 
demand for high-frequency measuring instruments, 
usually of the thermocouple pattern, and most firms 
have greatly improved their production methods to 
meet these requirements. A special welding machine 
enables thermocouples having ratings of only a few 
milliamperes to be made on mass-production lines. 
The instruments used in conjunction with these couples, 
and also for the measurement of the direct-current 
components of a radio circuit, are usually miniature, 
2 in. to 3} in. diameter, and of a design employing a 
single magnet unit of high-grade magnet steel, embody- 
ing yoke, side limbs and pole pieces all in one casting. 
This arrangement produces an instrument which is 
lighter, simpler to assemble and more inherently suit- 
able for tropical conditions than can readily be achieved 
by the use of separate components. In one case, 
however, advantage has been taken of the high coercive 
force of modern magnet steels by making the cylindrical 
core of the system the magnetic unit and completing 
the path of the radial magnetic flux by means of a 
soft-iron annulus mounted concentrically with it. This 
construction has much to recommend it in regard to 
compactness and lightness. A _1}-in. instrument of 
this design has a sensitivity of 10 mV for full-scale 
deflection“ with a coil resistance of 1,600 ohms. A 
further development, which was rendered possible by 
the small compass in which a powerful movement can 
be housed, is the provision of an instrument having a 
square front and a scale length of 4 in., the actual 
movement being enclosed in a comparatively small 
circular excrescence at the back of the case. Thus, a 


nest of instruments having scales of substantial size 
can readily be mounted on a board in which only a few 
small holes need be cut. A similar instrument has 
also been evolved in which the continental practice of 
pivoting the pointer in the lower right-hand corner 
has been followed. The scale, which “rises” from 
zero, follows an are to the top of the dial opening. 
Another firm has produced a square instrument with 
a 3-in. dial evenly illuminated by a lamp behind the 
translucent scale ; it also incorporates a recent design 
of overload cut-out. 

Graphic instruments have lately become of increasing 
importance, since they are often the only means where- 
by an automatic or semi-automatic operation can be 
checked. These instruments now tend to develop along 
two distinct lines. In one, the high performance of 
modern magnet systems is utilised to produce instru- 
ments either of great sensitivity or capable of recording 
correctly sudden changes in the condition of electrical 
circuits. For example, one firm has produced a direct- 
inking recorder in which a 4-in. wide record is com- 
pleted in 0-1 second, and another a four-circuit instru- 
ment employing electrical recording on strips 0-6 in. 
wide, which is capable of reproducing faithfully up to 
400 cycles per sec. The alternative development con- 
sists of recorders of the relay or motor-operated 
pattern in which the pen is traversed across the chart 
by means of a high-speed reversible motor controlled 
(often electronically) by some form of self-balancing 
circuit. A typical example, when used as a sensitive 
recording potentiometer, will record changes in the 
value of the quantity measured within one second of 
their occurrence. 

With regard to ohmmeters and similar devices for 
measuring resistance values, attention may be drawn 
to a new safety ohmmeter. This complies fully with 
flameproof regulations and is eminently suitable for 
use in conditions where an explosive atmosphere is 
likely to be present. Another type incorporates a 
small pocket battery, and the test voltage (500 volts) 
is generated from this by means of a self-contained 
vibrator which is set in operation when the test button 
is depressed. The construction is thus very compact 
and facilitates insulation testing under awkward condi- 
tions or in cramped situations. One firm has recently 
developed a very compact 2-in. ohmmeter, with a 
double-coil movement, for use as an indicator in the 
circuit of resistance pyrometers. 

The measurement of speed was among the earliest 
of indirect electrical instrument applications. Recent 
developments include a precision speedometer, which 
consists of a generator incorporating a rotary magnet 
of high stability, and giving an electrical output suffi- 


better than 0-5 per cent., and was designed to measure 
the air speeds in experimental wind tunnels. 
type of direct-reading speedometer is novel in that it 
comprises a three-phase generator and an indicator of 


of some 300 deg. Variations of the sensitivity with 


by a pole-shunt of thermo-magnetic alloy. 





| electrostatic voltmeters, whereby an accuracy of 
|0-5 per cent. is attainable, employs the continuous- 
|evacuation high-vacuum technique. In a 300-kV 
| instrument, the clearance between the vanes is less 
|than 30 mm., with a corresponding decrease in the 
overall dimensions and increase of the working torque. 
A model of similar construction but permanently 
sealed within a glass envelope is envisaged. In some 
small electrostatic voltmeters the surface leakage has 
been, much reduced by the use of polystyrene insula- 
tion. Such instruments should be specially suitable 
for use in conjunction with capacitance voltage-dividers 
for high-voltage measurements. ; 
Little change has occurred in the construction of 
laboratory standard voltmeters or ammeters, whether 
for use on alternating or direct current, but in regard 
to wattmeters, an increasing demand for instruments 
capable of giving a direct reading, either of dielectrical 
or iron losses at exceedingly low power factors, has 
resulted in the development of portable reflecting 
torsion-head instruments in which the losses due to the 
current circuits are of the order of only a few micro- 
watts. One type of portable wattmeter is intended 
for the testing of high-voltage insulators on site. 
It incorporates a phase-shifting device in the voltage 
circuit by means of which phase errors in the high- 
voltage resistance or transformer may be compensated. 
Although the use of nickel-iron alloys for the moving 
elements of alternating-current ammeters and volt- 
meters, both of the attraction and repulsion types, is 
no longer new, it is of interest to note the extent to 
which these instruments are gaining preference over 
the dynamometer patterns which were at one time 
considered essential for measurements of sub-standard 
accuracy. An accuracy of 0-3 per cent. or better is 
readily obtainable, and in the case of voltmeters, the 
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high electromagnetic efficiency of the system itself 


ensures an absence of frequency and waveform errors 
which it is difficult to attain with dynamometer instru- 
ments if thesame high working forces and weight/torque 
ratios are to be maintained. Most of the leading 
makers now offer instruments in which careful pro- 
portioning of the iron element gives a scale which is 
substantially evenly divided above one-fifth full scale. 

The increasing use of current transformers for precision 
measurement has stimulated the design and production 
of compact self-contained equipments by which trans- 
former accuracies may be adequately checked. In one 
recent design, the measurement of phase displacement 
is carried out by means of a condenser and “ mixer- 
ring.” The accuracy attainable by the transformers 
themselves is, in general, unchanged, but a new design 
has been described by Hobson in which the small errors 
of a nickel-iron current transformer are still further 
reduced by the use of an additional compensator core. 

Measurement of extremely large direct-current sup- 
plies has been facilitated by the introduction of direct- 
current instrument transformers, whereby currents up to 
50,000 amperes can be measured directly on a pointer 
instrument to within 0°5 per cent. without any 
appreciable power consumption on the direct-current 
side. Further applications are to the switchboard 
indication of comparatively small direct currents at 
high voltages above earth, and to the summation of the 
currents in a direct-current generator or consumer net- 
work. A further variation of this principle is the 
control of an alternating-current circuit by a saturable 
magnetic core. This is suitable for use in conjunction 
with electronic gear when a small direct-current signal 
is to be converted into a relatively large alternating- 
current output reversible with respect to a fixed datum. 
A high stability can be attained by employing a suit- 
able feedback. 

Telemetering systems, by which instrument indica- 
tions can be transmitted to points remote from the 
location of the instrument, have become increasingly 
popular, particularly where it is desired to summate the 
readings of a number of stations at a central point. 
New developments include a scheme designed essentially 
for generating and distributing networks. The primary 
elements are integrating meters fitted with transmitting 
contacts to operate to read in kWh or kVAh. Impulses 
from these meters are stored for a predetermined period 
and then converted to a telegraph code corresponding 
to the average power-flow for the period. This code is 
transmitted to the central station, where it is received 
directly on a teleprinter which also records the time and 
place of origin. An alternative arrangement in which 
the conventional torque-balance system is employed 


| ciently large to operate a sub-standard pattern alter- | has also been developed, in which thermionic amplifica- 
nating-current voltmeter scaled in revolutions per|tion is used to control the torque of the balancing 
minute. The combination has an overall accuracy of | element. 


Another design enables summation of an 
unlimited number of readings to be carried out, and 
utilises the direct-current amplifier recently described 
by Gall. This enables readings to be transmitted and 
summated on a powerful permanent-magnet indicator, 


the Ferraris-disc pattern which permits a scale length | capable of operating dials several feet in diameter, if 


desired. A further application of the direct-current 


changes in the temperature of the disc are compensated | amplifier is to the construction of a transmission system 
|by which B.Th.U. readings may be indicated or 


An interesting advance in the design of high-voltage integrated either locally or at a distant point. The 


transmitting device consists of a flow meter the pointer 
of which controls the slider of a potentiometer con- 
nected across the terminals of a thermocouple immersed 
in the fluid stream, the heat content of which is to be 
measured. The effective e.m.f. is thus proportional to 
the product of rate of flow and temperature and is made, 
by the amplifier, to operate suitable meters. 

Another instrument of the compound type comprises 
two movements responsive to watts and reactive volt- 
amperes respectively. By means of a link-coupling 
the indicators are given a rectilinear motion capable of 
operating two cursor-type pointers moving across the 
scale at right angles to each other. Graduations in 
one direction read watts, while the other set read VAr, 
and the point of intersection of the two cursors can be 
read off on a radial scale calibrated in power factor or 
phase displacement. 

Finally, attention may be drawn to two recent 
devices intended for live-line or switchgear testing. In 
one of these, described by Shotter and Hutchings, a 
high resistance is enclosed in a Bakelite tube having a 
length suitable for the maximum voltage of the system 
on which it is to be used. An earthed instrument of 
the sensitive rectifier moving-coil pattern, mounted on 
the lower end of the rod, will, if the line is in fact alive, 
give a direct reading of the line voltage. The resistance 
of the test rod is sufficiently high to show if the line, 
though nominally dead, is inductively charged. An 
alternative arrangement dispenses with a series resis- 
tance, the voltage being transmitted down a highly 
insulated conductor to a sealed chamber, readily visible 
to the operator. The chamber contains an insulating 
fluid of high permittivity and low viscosity, and an 
electrode mounted above the surface causes the latter 
to distort upwards if the line, and hence the electrode, 
is at any appreciable potential above earth. 
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HELIUM PRODUCTION IN 
THE UNITED STATES. 


CONSIDERABLE public attention was directed to the 
monopoly held by the United States in the bulk pro- 
duction of helium when, in 1938, a request by the 
German government to purchase 10,000,000 cub. ft. of 
the gas was refused. This action was probably deter- 
mined by political and security considerations, but 
questions of stocks and productive capacity no doubt 
had weight. At that time, the Bureau of Mines, which, 
since 1925, has been the sole government agency con- 
cerned with helium production, had only one plant in 
operation. This, situated at Amarillo in Texas, was 
built in 1929 and had supplied domestic. requirements 
for some ten years. At the time of the first world war, 
the production of helium had hardly got beyond the 
laboratory stage, but between 1914 and 1919 three 
small American plants produced a total of 200,000 
cub. ft. 

In September, 1939, the Amarillo plant was still the 
only production unit in operation, but the unfavourable 
international situation had resulted in considerable 
upward revision in the military estimates of helium 
requirements, and the provision of additional plants 
was under consideration. No actual construction how- 
ever, was undertaken until after the Japanese attack on 
Pearl Harbour on December 7, 1942. The plans for 
a new plant at Exell, in Texas, were then revised to 
include additional helium separators, and extensions to 
the Amarillo plant were planned. Work was put in 
hand at once, but it was not until March, 1943, that the 
first Exell units started production, and up till that time 
the original Amarillo plant carried the whole load. The 
construction of further plants was then started, but 
for some six months the growing demand was met by 
the Amarillo and Exell plants, which were pushed far 
beyond their rated capacity. In July, 1943, a monthly 
output of 4,617,900 cub. ft. was reached at Amarillo, 
this being 50 per cent. above the designed capacity. In 
the same month, the Exell plant produced 7,318,000 
cub. ft., but surpassed this figure in October, with 
8,238,800 cub. ft. This was more than 60 per cent. 
above the rated capacity. 

The heavy burden on the Texas installations was 
relieved in October, 1943, when a new plant at Otis, in 
Kansas, came into operation and immediately exceeded 
its rated capacity. This was followed by the plant at 
Cunningham, Kansas, which began to produce in 
January, 1944. By that time, the demand for helium 
was tending to decline, and the plant was not called upon 
to operate immediately at a high rate. In September, 
1944, however, it produced 4,243,200 cub. ft., which was 
5 per cent. above the rated capacity. This month, witha 
figure of 14,297,700 cub. ft., marked the peak of total 
helium production in the country. A fifth plant was 
also built at Shiprock in New Mexico. This has been 
named the Navajo plant, after the native Indian tribes 
of that name, which inhabit the locality. This installa- 
tion was ready for operation in March, 1944, but as the 
other plants were meeting requirements at that time, 
it was decided to operate it only for a trial period and 
Tetain it as spare productive capacity. During a test 
run of 18 days, 2,243,400 cub. ft. of helium were pro- 
duced. The station is in a remote area and a 90-mile 
pipe line was constructed to Gallup, in New Mexico, 
where the gas can be loaded into tank cars. 

The major part of the 1941-45 helium produced was 
supplied to the United States Navy for use in observa- 
tion balloons for coastal patrol and for convoy escort 
duty, but considerable quantities were supplied to the 
Army, the Weather Bureau, for use in meteorological 
balloons, and to medical, scientific and commercial users. 
Largely because of the successful Navy campaign 
against submarines, war requirements for helium 
declined during October, 1944, dropping to about 
10,000,000 cub. ft. per month, and remaining at that 
figure until VE day in May, 1945. Shortly after this, 
in July, 1945, the Cunningham and Amarillo plants 
were shut down, the installations at Exell and Otis 
supplying all requirements. The Cunningham plant 
has since been dismantled and the equipment used in 
other applications, but the Amarillo station is being 
maintained in condition to resume operation at short 
notice. Amarillo remains the headquarters of the 
helium research organisation. 

Natural gas from which the helium is separated is 
obtained at Amarillo from the government-owned 
50,000-acre gas field at Cliffside ; the Navajo plant is 
also supplied from government property, but the other 
stations extract helium from privately-owned natural 
gas, which is then supplied to the industrial market. 
Even before the termination of the war with Germany, a 
surplus of helium was accumulating; this was con- 

served at Amarillo by piping it back into the ground at 
the Cliffside gas field. A 32-mile pipe line was also 
built linking the Exell station with the Cliffside field 
and helium from that station was also returned to 
ground. Altogether, about 35,000,000 cub. ft. of 
helium were stored in this way. The total helium pro- 


LABOUR NOTES. 

AFTER a conference with representatives of the 
Transport and General Workers’ Union, last week, the 
London Passenger Transport Board announced (as was 
stated in ENGINEERING a week ago) that it had agreed 
not to employ, in certain grades of the operating and 
maintenance departments, employees who were not 
members of the Transport and General Workers’ Union, 
on the understanding that an opportunity would be 
given to all the employees concerned, chiefly members of 
the National Passenger Workers’ Union—an organisa- 
tion which is not affiliated to the Trades Union Congress 
—to join the Transport and General Workers’ Union. 
In the official statement which it issued to that effect 
it said that “the existing unsatisfactory situation 
which, by seriously hampering the Board in its efforts 
to provide an efficient transport service is prejudicial 
to the public, must be brought to an end.” 





In accord with the generally expressed wish of the 
staff, now numbering some 90,000, the Board went 
on the say, it had entered into agreements with certain 
trade unions, and it had, as a general rule, been the 
practice to inform new employees that their condition 
of employment had been agreed with a particular union. 
A fact which, no doubt, was taken into due account by 
the Board in arriving at its decision was that the 
employees of the Board, who are members of the Trans- 
port and General Workers’ Union had decided that they 
would not work with others in the grades concerned 
who were not members of their union. 





While the first duty of the London Passenger Trans- 
port Board is, admittedly, efficiently to serve the 
public, their action in this instance has implications 
which cannot fairly be ignored. By conceding the 
“closed shop” they have put the managements of 
other industries and services in an inconvenient posi- 
tion, for there will now almost certainly be a spate of 
demands for a similar concession. They have also 
probably imperilled the economy of the industries 
which have been, or are soon to be, nationalised. Mr. 
Lawther has already, for example, declared that the 
National Union of Mineworkers intends to press the 
Coal Board for a “‘ closed shop ” agreement. 





A feature of the “‘ demands ” which the trade unions 
are at present making is that they are, in almost every 
instance, coupled with a threat to hold up a trade or a 
service the maintenance of which is vitally necessary in 
the public interest. In some cases, the threat is to the 
export industries. At Smithfield, it is to London’s meat 
supplies, in certain areas normally served by co-opera- 
tive societies to its milk supplies, and in this transport 
trouble to its communications. The community as 
a whole is, in fact, being made to suffer in the hope that 
it will bring pressure to bear on the Government. 
Orthodox Trade Unionism which has a fairly strong 
representation in Parliament cannot be happy about 
that. 





At its meeting last week, the General Council of the 
Trades Union Congress granted the application for 
affiliation of the Civil Service union which was formerly 
known as the Government Minor and Manipulative 
Grades Association. This is, it was stated, the sixth 
Civil Service organisation to become affiliated since the 
repeal of the Trade Disputes and Trade Unions Act, 
1927. The General Council decided that a separate 
group for the Civil Service unions, with one seat on the 
council, should be formed inside the framework of the 
Congress, pending a review of the whole scheme of 
Congress industrial groups. 





At the first sitting of the Court set up by the Minister 
of Labour and National Service to inquire into the 
dispute on the subjects of working hours and paid 
holidays between the British Federation of Master 
Printers and the Printing and Kindred Trades Federa- 
tion, Mr. H. Samuel, for the Printing and Kindred 
Trades Federation, said that the demand for a 40-hour 
week, which was made in 1936, was even more justified 
now, because the speeding up of machine processes had 
resulted in greater strain on operators. Asked whether 
he was prepared to collaborate with the other side in an 
investigation of the aspect of payment by results for 
the purpose of maintaining production, Mr. W. C. 
Warren, President of the Printing and Kindred Trades 
Federation, said that it would not be a practicable 
proposition to introduce a piece-work system into many 
sections of the industry. 





Giving evidence at another sitting of the Court, Mr. 
R. Willis, secretary of the London Society of Composi- 
tors, when asked whether he did not think that the 
time was coming for a change of policy and the doing 





SEPT. 6, 1946. 


which was critical, said that the union did not agree 
that the situation was critical in that sense. The 
members had put their foot down and said: “ You 
are not taking one more man into the union,” A 
reduction in working hours and a paid annual holiday 
of two weeks would not, he claimed, mean so great an 
increase in the amount of labour needed that the Society 
could not meet it. 7 





After negotiations lasting for more than six weeks, 
a provisional agreement was reached in Manchester 
last week, providing for wage advances of between 
10s. 3d. and 17s. 9d. a week on basic rates for about 
7,000 assistant spinners and other ancillary workers 
in the mule rooms of cotton-spinning mills. This js 
stated to be the first joint implementation by the 
employers and trade unions of recommendations made 
by the Evershed Commission. If ratified, the agree. 
ment will come into force on September 30. 





It was recorded in these columns last week that 
agreement had been reached on a wages application 
submitted by representatives of the foremen and assist- 
ant foremen to the Gas Light and Coke Company, 
London. Under it, foremen and assistant foremen are 
to receive an increase of 18s. a week (19s. on shift work) 
and foremen-tradesmen and assistant foremen-trades- 
men an addition of 20s. a week to their consolidated 
rates. The conference at which these terms were 
arranged was attended by representatives of the 
Gas Light and Coke Company, the Association of 
Supervisory Staff and Engineering Technicians, the 
Association of Foremen, Storekeepers and Leading 
Hands, and the Ministry of Labour and Nationa] 
Service. The two Associations are about to have 
ballots to decide which of them will have the complete 
rights “of negotiation with the Company. Voting 
papers are to be returned by September 27. 





An Argentine Legislative Decree of December 20, 
1945, establishes a new system for the fixing of wages 
and salaries. Instead of being determined by direct 
negotiation between the associations concerned, they 
will be fixed by an official body, in the constitution and 
administration of which legally recognised organisations 
will participate. The Decree makes a distinction 
between two minimum rates—a living wage and a 
basic wage—requires the employer to pay a supple- 
mentary annual wage, sets up a National Remuneration 
Institute and entrusts it with the power to enforce the 
provisions of the Decree, and provides for the payment 
of compensation to employees who are suspended or 
dismissed. 





The living wage must be sufficient to provide each 
wage earner or salaried employee and his family with 
adequate food, a healthy dwelling, clothing, education 
for his children, medical care, insurance, moving 
expenses, holidays and recreation. All monthly wages 
and salaries, irrespective of the method of payment, 
must be sufficient to cover these needs. The Managing 
Committee of the Institute will fix the living wage 
alike for both sexes, but a lower rate may be fixed for 
apprentices and minors, as well as for aged and infirm 
persons. When the official cost-of-living index figure 
increases or decreases by at least 10 per cent., the 
Managing Committee must examine the situation with 
a view to adjusting the minimum. 





Basic wage rates, which are to be fixed by the 
Managing Committee on the recommendation of wage 
committees, may not be less than the living wage. In 
fixing them, the following factors are to be taken into 
consideration: the nature and risks of the work, the 
need to allow the worker and his family a standard of 
living in conformity with his technical training, the 
wages and salaries paid in similar occupations, local 
customs, the economic position, and particular charac- 
teristics of the undertaking in questions, and any other 
factors indicated by the studies and investigations of the 
Institute. The rates may be scaled down for appren- 
tices and minors, according to their age and training. 
They may be fixed by the time or the piece, or on a 
mixed system. The special conditions or skills of 
certain groups of workers and the special nature of 
certain kinds of work should be taken into account. 





Carrying out their decision to boost production 
French coal-miners took only six days’ annual holiday 
with pay in 1945 instead of the 12 days to which they 
were entitled; furthermore, they made up for all 
holidays in which they did not work. As a result of 
these efforts, and of the removal towards the end of 
hostilities of the technical difficulties caused by the 
war, French coal production, which amounted to 
624,061 tons in the week August 12 to 18, 1945, 
increased to 900,226 tons in the week November 25 to 








duction in the 1941-45 period was 370,787,000 cub. ft. 


of something to help the present labour situation, 





December 1, or by 44-3 per cent. 
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TRANSFER MOULDING * 
By M. Frevunp, Dipl. Ing., M.I.Mech.E. 


THE principles of injection moulding have often 
been applied to thermo-setting material since the early 
days of commercial plastics moulding. The experi- 
ments and the successful production results are cer- 
tainly not new ; in the United States, the first experi- 
ments on these lines were carried out in 1926, and in 
Europe such tools were used for production as early 
as 1928. During recent developments, however, the 
results achieved were good enough to justify a regard 
for this method of moulding—a process whereby a 
thermo-setting material is subjected to heat and pres- 
sure, and is then forced into a closed mould cavity and 
finally cured therein—as an independent way of solving 
moulding production problems and of applying them. 

The application of the transfer moulding technique 
in comparison (or competition) with the compression 
method can be justified by both technical and economic 
reasons. For technical reasons, the transfer method 
should be applied with mouldings of intricate shape, 
where cores or loose parts cannot be supported suffi- 
ciently with an opened tool; mouldings with slender 
metal inserts or with inserts which can be located by 
tightly clamped tool parts only; mouldings where 
exceptional dimensional tolerances are required, 
especially across the parting line ; and with mouldings 
with uneven wall thickness where initial stresses 
(caused by the large variation in cross-sections) are to 
be avoided. In all these cases, transfer moulding will 
be the correct method in order to comply with the 
technical requirements. In all other cases, the transfer 
moulding method should be applied only when econo- 
mically justified. 

The compression moulding system with multiple 
units has achieved a high economic standard, The 
cost of moulding per piece may be expressed by 
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where M, denotes the machine hour rate, in pence ; 
t, the time for one cycle, in minutes; W, the wages 
per hour, in pence; x, the number of tool units ; 





* Paper presented to the Institution of Mechanical 
Engineers for written discussion. Abridged. 
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U,, the costs for one tool unit (impression), in pence ; 
and N, the number of mouldings. 
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A and B are practically constant ; by derivation, Py 
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that is, Py is a minimum when the number of impres- 


sions 2 = - For example, in a contract num- 


bering 144,000 mouldings, a machine-hour rate of 
45d., and wages W = 15d., a cycle time t = 4, and 
tool unit costs U, = 7,200d., 


t a @ ty 
A = g, (MA + W) = g (45 + 15) = 45 
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Equation (1) must be valid for all moulding processeS 
and the single items for the transfer method are aS 
follows :— 

Generally the value of ¢ (cycle time) will be smaller, 
that is, the number of cycles per hour will be increasing 
and the number of tool units n decreasing ; 


Px = A (Mn + W) a = my = press cost for 
60 nr N transfer mould- 


ing; 
Pryce ri 4 (Mn + W) . + oe Neo = press cost for 
“ ™eo =ON compression 
moulding. 


The suffixes tr and co denote transfer and compression. 
Assuming that the tool unit cost for transfer and com- 
pression units are equal and constant within assumed 
numbers, the transfer method will be economic at 
tur 1 Ue teo 1 U, 

y Be MT YS vad - << 7 M Be: ~e, 
6o (Mn 7 bi t= Poy Mer = 60 ° n+ id No 


Neglecting the tool-cost parts, 
ter > 1 < teo , 1 
60 (Mn + W) ner = 60 (Mn + whew - (2) 
tir < teo 


Ntr ~~ Neo 


ler < “tr : (3) 


“co 
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Thus, on the same press, the transfer method in com- 
parison or competition with the compression method 
is economic only when the ratio of cycle-time reduction 
is larger than the ratio of decrease of number of units. 

There are estimating systems, however, in which the 
total moulding overhead is rated on the wages only, 
which are uniform and independent of press size. In 
this case, equation (2) is applicable also, but by main- 
tairing the same number of cavities (mr = ,-) the 
moulding process may be carried out ona larger press, 
and, by Mp, = constant, the transfer moulding process 
will be apparently more economical. This result is 
fictitious only, because My, is, in fact, not constant. 
Supposing the contract calls for one single-cavity tool 
only, %co = mr, and the economy of the process depends 
on the ratio of the machine-hour rate of presses required 
for the compression or transfer method, respectively, 
on the tonnage. The economy of the transfer method 
is determined, therefore, first by the time saving, “, 
co 
and second by the tonnage requirement or press size 

tons¢r 

tonse9/" 

In regard to the first, the saving in time is generally 
the saving in curing time only. With the compression 
method, the powder in the tool is heated by conduction 
only, but with the transfer method the heating of the 
powder in the tool proceeds in three phases, namely, 
by conduction in the powder chamber, by forced con- 
vection during the transfer from the powder chamber 
into the cavities, and by conduction during the final 
cure. It is obvious that the overall heat-transmission 
rate of the transfer process is larger; the result in 
time-saving (experimental figure) is shown in Fig. 1, 
herewith. Up to approximately }-in. wall thickness 
of the moulding there is practically no time-saving. 
Above }-in. moulding wall thickness, the saving in 
curing time gradually increases and is about 50 per 
cent. between #-in. and 1-in. wall thickness. Using 
preheating, the curves become more flat, and toca — tetr 
will be a minimum at maximum preheating tempera- 
tures. The total pressure required for each transfer 
tool depends on tool size; or, at a given press size 
(tonnage), the maximum number of tool units or 
number of cavities is determined by the press. 

The pressure required for each transfer tool system, 
however, has a more intricate character than with 
compression moulding. While with compression mould- 
ing the tonnage required is fixed by practically constant 
values (there are only slight variations in specific 
pressure), with transfer moulding there are two different 
forces acting, namely, the transfer force, that is, the 
pressure required to force the powder from the powder 
chamber through the nozzle or gates into the cavities ; 
and the clamping pressure, which is the pressure 
required to hold the tool parts or splits together in 
order to avoid excess flash and to produce mouldings 
with correct dimensions across the parting line. Both 
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forces are acting within the same system, and, under 
the assumption that the moulding materia] is an incom- 
pressible fluid, the system may be regarded according 
to the laws of hydrostatics as an hydraulic press (see 
Fig. 2, page 237). The clamping pressure required is 
the projected moulding area multiplied by the specific 
pressure. 

The specific pressure is an experimental figure and 
is approximately three times as large as the specific 
pressure required for compression moulding with 
standard powders. From this it follows—if the 
hydraulic law is valid for the transfer moulding system 
—that the projected area at disposal on a fixed press is 
approximately only one-third of that of the area at 
disposal for the compression moulding; that is, in 
comparison with compression moulding the number of 
the transfer tool units will be only one-third of those 
of the compression method. In other words, the 
tonnage required will be three times that of the com- 
pression tool. 

Substituting in equation (2), 


fer > W< 4 and 
teo ~ Neo 

< 'co 

= 3 ” 

Therefore, comparing the transfer method with the 
compression method on the same press at a fix 
tonnage, the transfer method is economical only when 
the number of transfer cycles is approximately three 
times that of the compression cycles. Analysing 
equation (2), 


ter 


tir 1 < teo 7 
6g Ma + W) 2 Gp (Ma + W) 


My, on the left side is the machine-hour rate for the 
transfer press, the tonnage of which should be three 
times that of the compression press when mr= eo. 


1 
wt, 
Neo 


ter (Myt-+ W) S teo (Mt + W) 


and 
M; + W 


ltr tro M+ WwW’ 
3 





M; , 
MM.’ The ratio 


Mg 
of the machine-hour rate of standard presses is not 
linear ; that is, the cost of 1 hour on a 150-ton press is 
less than an hour on three 50-ton presses, so that, 
mM 
Mgt > 3’ 
and, by the additional wages, 
1 Me Mm +W 
3 <M, ~My, +W 
From this it follows that it will be always more economi- 
cal to specify a press of larger tonnage for a transfer job 
than to reduce the number of impressions on a fixed 
press when comparing the compression and transfer- 
moulding methods. 

Recent publications regarding the transfer-moulding 
process are based on Pascal’s Law: the unit pressure 
at any point in an incompressible fluid at rest is the 
same in all directions. Furthermore, the law of con- 
tinuity of flow, as used for fluids in which the density 
does not change from one point to another, is being 
applied. The application of this principle in actual 
production is correct, but the economy of the transfer- 
moulding process is affected. The transfer-moulding 
process is too intricate : there is a heat flow, pressures 
are applied, the density of the material is changing, etc. 
It is an irreversible process, which involves a complete 
departure from equilibrium and for which the laws of 
thermodynamics are valid. Owing to the large number 
of variables, it would be hopeless to evolve formule for 
the process; and one cannot make predictions of a 
quantitative kind by analytical methods. 

If transfer moulding is regarded as a thermodynamic 
process in which the substance is in motion, then, by 
applying certain experimental relations peculiar to 
moulding engineering, some economies can be effected. 
By permitting a minimum flash on the escape gates on 
the clamping surfaces of the mating-tool, the specific 
pressure within the cavities proper is below that of the 
powder chamber, and the total clamping pressure 
required is less than that found by calculations based 
on the assumed validity of Pascal’s Law. Quantita- 
tive information depends on experimental results, and 


The time tr depends on the value of 
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these have resulted in the reduction of the specific 
clamping pressure to one-third of that of the specified 
transfer pressure. The application of this principle 
may improve the economy of the transfer process by 
permitting an increased number of cavities for a given 
tonnage on a fixed press, more economic use of the 
existing compression-type presses for transfer moulding, 
or use of “ prefiller” presses with “satellite” com- 
pression presses. 

Practically all transfer tools are built up and consist 
of several tool parts or splits. The tools may be split 
horizontally or vertically or, in some cases, may be a 
combination of both. The pressure required can be 
applied by one movement only, in which case any 
standard upstroke or downstroke compression press 
may be used for transfer moulding, as shown in Figs. 3 
and 4, page 237. Fig. 3 shows a transfer tool hori- 
zontally split ; one vertical pressure only is used for the 
clamping and injection movement. Fig. 4 shows a 
transfer tool vertically split ; one vertical pressure only 
is used for the clamping and ejection movement. A stan- 
dard upstroke or downstroke press is used in each case. 

A further development is the application of two inde- 
pendent pressures, one for clamping pressure to hold 
the loose tool parts or splits together, the other for 
transferring the moulding material from the chamber 
into the cavities (see Figs. 5, 6 and 7, on page 237). 
Fig. 5 shows a transfer tool vertically split, a special 
angle press being used in this case; and Figs. 6 and 7, 
a transfer tool horizontally split. This is a special 
injection press. 

The dimensions of the gates and channels depend on 
the size of moulding and the powder quality. The rate 
of flow is mainly determined by the time ; the powder 
material must be transferred from the powder chamber 
into the cavities within 30 to 40 seconds. A practical 
figure for standard general-purpose powder is as 
follows: for each cubic inch of moulded material, 
0-005 sq. in. of sectional area is required at a channel 
length of 0-500 in., a tool temperature of 170 deg. 
C. a deg. F.), and a pressure of 10 tons per square 
inch. 

As previously mentioned, any standard compression 
press may be used for transfer moulding (in which case 
the transfer-moulding principle is represented: by the 
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tooling only) but better results can be achieved by 
special] presses ; of the standard type, the side ram or 
angle presses, which allow two independent movements 
with independent controls, one movement being used 
for the clamping and the other for the transfer force. 
The tonnage ratio on these t is 1 to 1-2: 1, which is 
not advantageous ; a ratio of 3 to 4: 1 would be more 
convenient for transfer-moulding purposes. A typical 
tool design for such presses is shown in Fig. 5, page 237. 
A standard downstroke press with a hydraulic ejector 
could easily be used for transfer moulding, the main 
stroke being for clamping and the ejector for the trans- 
fer movement. The capacity of this press for transfer 
moulding is governed by the force and stroke of the 
ejector, and the economy of the process depends on the 
tatio between ejector and clamping force. With regard 
to the special transfer presses, the general principle is to 
build two hydraulic cylinders with rams vertically one 
upon the other. The main and larger force is for clamp- 
ing and can be used for ordinary compression moulding ; 
the second auxiliary cylinder is for the transfer move- 
ment. The main clamping movement is upstroke and 
the transfer movement downstroke, or vice versa. The 
standard power ratio is 1 : 3, but in some arrangements 
the transfer force can be reduced and the ratio is 
correspondingly altered. The principle of this press 
is shown in Fig. 8, opposite. 

Another development of a special press for transfer 
moulding is shown in Figs. 9 and 10, opposite, where 
two presses are built one upon the other below a fixed 
middle platen. Both presses are independently con- 
~ 
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trolled and the press can be used in any of three ways. 
The bottom press may be used for clamping purposes, 
and the top press for the transfer movement, in which 
case an independent powder pot may be fixed into the 
middle platen, as shown in Fig. 11, on this page; the 
top press may be used for clamping purposes and the 
bottom press for the transfer movement (Fig. 12); or 
the press may be used as a conventional “ double-day- 
light ” press (Fig. 13). Fig. 14 shows a typical transfer 
moulding, approximately 2-5 in. diameter, with 52 
inserts moulded in, and with two threaded holes. The 
portable type of transfer tool and the powder pot and 
cylindrical plunger are shown. The press used is an 
ordinary down-stroke press with one press movement 
only. A vertically-split six-impression transfer tool for 
a.threaded coil former with press and tool in open 
position is shown in Fig. 15. The powder pot is verti- 
cally split, two pots being provided, each for three 
cavities. The tool half with the threaded portion is 
portable, the plunger is fixed, and the press is an 
angle press. The horizontal movement is used for 
clamping and the vertical movement for injection. 
While accuracy, dimensional stability against bow 
and warping, and appeararice are improved with trans- 
fer moulding in comparison with the compression 
method, the influence of the large forces acting upon 
the fibrous fillers seems to be detrimental to the 
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mechanical strength of the mouldings. Recent inves- 
tigations carried out on medium _ shock-resisting 
material show, in comparative figures, the following 
results :— 


Impact strength of standard specimen ... 1-0 
Specimen cut from compression moulding... 0-85 
Specimen cut from transfer moulding 0-45 


The impact strength of the compression moulding is 
nearly double that of the transfer moulding with 
medium shock-resisting powders. : 

The present trend of the highly developed plastics- 
moulding industry shows that, in addition to the com- 
pression system, there is an independent method of 
producing mouldings by the transfer system. This 
system is firmly established and the fully economic 
application will require further development in methods, 
tooling and presses. While experiments are in progress 
in connection with a continuous moulding method (jet 
moulding), many problems of transfer moulding have 
been solved and applied for economical production. 





ANNUALS AND REFERENCE BOOKS. 

Universal Directory of Railway Officials and Railway 
Year Book, 1946-47.—The fifty-second annual edition, 
that for 1946-47, of this well-known work of reference 
has recently been issued by the Directory Publishing 
Company, Limited, 33, Tothill-street, Westminster, 
London, 8.W.1. Following a well-established precedent, 
the work is divided into two main sections, the first 
being a directory of the world’s railways and their 
officials and the second consisting of statistical and 
other information on many aspects of railway operation 
and management. In the directory portion of the 
volume the railways for each country or state are 
arranged in alphabetical order according to their names 
and, in the case of all the main lines, the particulars 
given include a brief historical survey of the railway, 
mileage, gauge and rolling-stock statistics, and financial 
data, as well as a list of all the principal officers and their 
titles and duties. For secondary and branch railways 
of each country the data given are similar but, in most 
cases, are rather less detailed. It is stated in the preface 
that the rapid restoration of railway facilities and of 
civil administration in many parts of the world have 
resulted in the resumption of normal commercial traffic 
over wide areas. In consequence, the present edition 
has received greater revision from official sources in 
various overseas countries than has been practicable 
during the past six years. Many of the statistical 
tables have been rendered more complete now that 
security reasons no longer apply, and several pages of 
new statistical data have been added. As was the case 
with former issues, the book is particularly well indexed, 
there being an index to countries; a general index, 
which includes all references to railways and statistical 
and other information ; and a personal index of railway 
officials. The information contained in the book has 
been compiled from official sources under the direction 
of the Editor of The Railway Gazette, and the price is 
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577,503. Parachute Quick-Release Fastener. Irvings 
Air Chute of Great Britain, Limited, of Letchworth, and 
E. S. Sceales, of Letchworth. (5 Figs.) April 28. 1944.— 
The invention is a quick-release fastener for the straps 
of a parachute pack of the long shallow kind conforming 
to the back of the wearer. It is secured to one end 6 
of the belt, which also includes a pocket for the rip-ring 8. 
The quick-release box 9 contains springloaded plungers 
which engage the ends of the straps 1. The plungers 
can be depressed to release the straps by a control disc 17. 
The control disc is prevented from being depressed by a 
spring-loaded detent which bears against a shoulder of 
the hub of the disc. By rotating the disc, the shoulder 
is moved out of registration with the detent and the 
disc can then be depressed. On the back of the quick- 
release box is a flanged disc 26 which can rotate in a 
second flanged disc 27. Coil springs anchored to the 
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aircraft is attached to a nipple n inside the coils of the 
spring 7, which is secured to the trigger bar f and the 
cross pin d. Both the nipple n and the trigger bar f 
are slotted to take the trigger g on the pin d centrally. 
The cable m has its sheath secured to a socket gq. 
This socket has a funnel-shaped extension s, which tilts 
the trigger g at the end of its backward movement. The 
working parts are enclosed by a spring cover ¢. To 
release the glider the cable m is pulled from the cockpit 
and the trigger mechanism is drawn backwards against 














the spring i. The pull is transmitted through the nipple 
k to the cable 1, and the towing cable is released. Imme- 
diately after this, the upper arm of the trigger g bears 
against the funnel-shaped member s, pivots, and releases 
the loop of the nipple k, so breaking the connection 
between the cables m and I. The cable I then escapes to 
prevent unintentional re-engagement. Violent movements 


of the rear wheel of the towing plane in landing will not 


damage the operating cable because the cable I has no 


conJection with the cable m. To remake the connection, 
the nipple k is pushed back into the bracket until the 
claw of the trigger g engages it. 


(Accepted April 26, 
1946.) 
MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 
577,403. Gear-Teeth Lead-Testing Machine. The Gear 


discs, tend to turn the disc 26 into a limiting position, 
but are prevented by the straps 1. 
flanges of the discs register with one another when the 


Openings in the 








disc 26 is in its limiting position, a link 43 passes through 
the opening in the disc 27, and a roller on the end of the 
link can pass through the opening in the disc 26 when 
the openings register. After the roller has been passed 
through, the disc 26 is turned, so trapping the roller. 
The link is secured to the belt end 5 by two rollers running 
in an arcuate channelled member 41 fixed to the belt 
end. The user brings the quick-release device 9 up to 
his chest, passes the roller on the end of the link through 
the slots in the cylinder 26, 27, and turns the box to lock 
the roller in position. The free ends of the harness 
straps are then inserted in the slots in the quick-release 
box and engaged by the plungers. When the user wishes 
to free himself from his equipment he rotates and depresses 
the control disc 17, whereupon the harness straps are 
released. The box at once rotates into its limiting posi- 
tion and the roller passes from the cylindrical casing 
26, 27 and the belt falls away. (Accepted May 21, 1946.) 


576,922. Glider-Release Mechanism. R. Malcolm, 
Limited, of Slough, and M. J. O. Lobelle, of Slough. 
(3 Figs.) April 25, 1944. The invention is a release 
mechanism for use with gliders and overcomes difficulties 


Grinding Company, Limited, of Birmingham, and A. H. 
Orcutt, of Birmingham. (2 Figs.) May 5, 1944.—A ma- 
chine for testing the lead of the teeth of helical spur gear 
wheels has a rotatable spindle supporting the wheel to be 
tested and a slide carrying an indicator in contact with 
a tooth of the wheel, both interconnected, so that, as 
the slide is moved parallel to the axis of the wheel, the 
latter is turned through an angle and any fmacocuracy 
in the lead is revealed by the indicator. The invention 
enables the accuracy of the machine to be determined. 
An accurately formed metal cylinder f is mounted 
between the centres of the machine in place of the wheel. 
The cylindrical surface is highly finished and on it are 
marked a number of fine lines h accurately parallel with 





each other and with the axis of the cylinder. An 
independent linear scale k is secured to the bed of the 
machine parallel with the axis of the cylinder. In 
Place of the feeler and indicator, a bracket 1 carrying a 
pair of microscopes is secured to the slide. 
accuracy of the machine, the cylinder is mounted in 
position, one microscope focused on one of the longitudinal 
lines h and the other microscope focused on the scale k. 
The cylinder f is rotated till the microscope is focused 
on the next longitudinal line. 
traversed by the slide is measured by the microscope 
on the scale k. If there is no error in the machine, the 
measurement on the scale k will be of the correct amount, 
otherwise the amount of error will be revealed. The 
process is then repeated bringing successive lines h into 
view until the cylinder has been rotated completely. 


To test the 


Then the distance 


encountered when the towing attachment to the tug| (4ccepted May 16, 1946.) 


aeroplane is made from a yoke on the oleo-leg of the 
rear wheel. The operating cable is liable to be broken 
due to violent movements of the rear oleo-leg when the 
tug aeroplane lands, involving frequent replacements 


STEAM ENGINES, BOILERS, ETC. 
577,691. Boiler-Feed Pump. G. and J. Weir, Limited, 


of Cathcart, and H. Hillier and T. McAlpine, of Cathcart. 


and readjustments of the release mechanism. A two-| (2 Figs.) May 19, 1944.—The invention is an emergency 


armed bracket a attached to the oleo-leg carries a base 
plate 6 supporting a slotted guide member c. A cross 
pin d is secured between the slots. and passes through | I 
a trigger bar f and trigger g. The trigger bar has a 
socket at one end holding a coiled spring i which holds 
the trigger g erect. The trigger is L-shaped and engages 
the slot of a long nipple k at the end of the cable I, which 
operates the release mechanism of the towing cable on 
the oleo-leg. The cable m from the cockpit of the towing 








normal operation, the boiler 5 
feed pump 6, the flow of wiber bemg regulated by a 
float-operated feed regulator 8. The steam stop valve 3 
in the supply line to the emergency steam-driven pump 2 
is closed by pressure from the feed pump acting on a 
hydraulic piston 10, If the water in the boiler falls to 


boiler-feed pump, which can be brought into action very 
quickly if the normal pump fails, to prevent the water 


level falling and causing damage to the boiler. In 
5 is fed by a motor-driven 
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a@ low level, a float-operated pilot valve 11 is opened, 
allowing water to escape from the underside of the 
piston 10. The pressure of the steam against the stop 
valve 3 opens it, and the steam admitted operates the 
emergency feed pump. The feed pump is controlled by 
a throttle valve operated by the pressure governor 19 
controlled by the pressure in the discharge line of the 
pump. When the pump 2 is operating, the discharge 
pressure is applied to the top of the piston 10 to keep 


f _ 















































(s77,691) 


the steam-supply valve 3 open even if the pilot valve is 
closed by a rise of the water level in the boiler. A hand- 
wheel controls a stop valve 26 to cut off the steam supply 
to the pump 2. The pressure on top of the piston 10 
falls and the discharge pressure of the pump 6, applied 
to the underside of the piston, closes the steam valve 3. 
The stop-valve 26 is then opened by the handwheel and 
the pump 2 will be brought automatically into operation 
if the boiler water level falls again. (Accepted May 28, 
1946.) 
MISCELLANEOUS. 


577,542. Weighing-Scale Shock Absorber. W. and T. 
Avery, Limited, of Birmingham, and A. Leeson, of Birm- 
ingham. (2 Figs.) November 6, 1943.—The invention 
is a shock-absorbing mechanism for a platform weighing 
scale with a dial indicator. The connection rod from 
the scale platform is suspended from a knife-edge on a 
lever b pivoted in the bracket holding the dial indicator. 
The free end of the lever } is connected to the automatic 
resistant d of the scale, and pivoted near this end is the 
lower end of a rod e working in a shock absorber f. The 
head of the rod e is held against a central abutment by a 
compression spring, the lower end of which abuts a bored 
plug h. Bearing against the upper face of the central 
abutment is a second compression spring, the upper turn 
of which abuts the underface of the head on the lower 
end of another rod 1, which passes through a second bored 
plug m. The rod lis pivoted to a lever n which is ful- 
crummed in the bracket. To the other end of the lever n 

















ios i 
(577.543) (J | = 
is,pivoted, through an S-shaped leaf spring, a rack which 
meshes with a pinion mounted on the spindle of the index 


pointer. A counterweighted bell-crank lever, r has a 
bearing roller which keeps the rack in a mesh with the 
pinion. When a load is applied violently to the platform 
of the weighing scale, the shock is transmitted through the 
lever 6 to the rod e, so that the compression spring sur- 
rounding this rod is compressed between the head of the 
rod and the base plugh. When this initial shock has been 
absorbed by the spring, the pull is transmitted to the rod / 
and the levern. Thus the rack is traversed to rotate the 
pointer without the transmission to the indicator of any 
shock. If the load is now suddenly removed from the 
weighing-scale platform, the upward thrust of the head of 
the rod e against the central abutment lifts the shock 
absorber f against the resistance of the upper spring. 
which is compressed so that no violent motion is trans- 
mitted to the indicator mechanism through the lever n 





and the rack. (Accepted May 22, 1946.) 
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JORDAN VALLEY IRRIGA- 
TION IN TRANSJORDAN. 
By M. G. lonrpes. 


BENEATH the all-absorbing political problems of 
the Middle East lies a substratum of very real 
economic conundrums, especially those concerned 
with agricultural development. In the lands 
touching the Levant coast, and in particular in 
Palestine and Transjordan, it cannot be very long 
before these problems become really acute. These 
are small countries, but their populations are rapidly 
growing and they are politically in the front rank 
of importance. 

Palestine and Transjordan have often been 
described as being rich agricultural lands and to have 
supported in Classical times a population many 
times the present, enjoying a high degree of pros- 
perity from an intensively developed agriculture. 
They were, indeed, much more highly developed 
and more intensively cultivated than they are 
to-day, as the evidence of old irrigation works and 
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terraces show, but the strong provability is that | 


their wealth came chiefly from their transit trade 
from east to west and from north to south. Pros- 


- 
perity derived from this trade brought wealth, 3 


wealth brought the demand for a high standard of 


living, and this in turn created the market for an) 


intensive agriculture. Thus, although the region | 
is largely rocky and barren, with a very low pro- 
portion of good land—in fact, anything but a 
naturally rich agricuultral country—such resources | 
as it possessed were necessarily fully developed. | 

In other words, it is wrong to say that, if Palestine | 
and Transjordan were well cultivated, they would | 
be rich. The truth is the opposite; if they were 
rich, they would be well cultivated. This can be | 
seen in Palestine to-day, where the influx of Jewish | 
capital has made possible, mainly on a subsidised 
basis, a degree of development which, of themselves, 
the agricultural resources of the country could) 
never have supported. This has often been held up | 
to the shame of the Arabs, who, under the Turks, | 
had never been able to develop the land to a com- 
parable degree; but the Arabs are by no means 
backward in their desire to develop their lands as 
far as their resources allow, and the present article 
is intended to illustrate the possibilities which exist 
in Transjordan, a wholly Arab State recently 
become independent by a treaty signed in the spring 
of this, year. They face economic problems which 
are to them of great magnitude and to us of 
substantial political importance. 

In 1937, the Royal Commission on Palestine 
recommended that a hydrographic survey should 
be made of Palestine and of Transjordan, to ascer- 
tain the possible degree of development, and, 
especially, the development of their water resources 
for irrigation. In respect of Transjordan, the 
results of the survey were published in 1939, but 
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in addition to the survey certain preliminary pro- 
jects were worked out at that time for the irrigation 
of the Jordan Valley Terrace in Transjordan. It 
is on these that this article is focused. 

Transjordan, as its name implies, lies on the 
eastern side of the River Jordan, which divides it 
from Palestine. Its cultivable land is a narrow 
strip extending from the Jordan eastwards to the 
edge of the desert, as indicated by hatching in Fig. 1. 
Following course due east from the Jordan, there 
is first a low-lying shelf a few hundred metres wide 
on the banks of the Jordan itself; a scrub-covered 
flat liable to flood, called the “Zor.” From this 
rises a sharp barren cliff of salty marls and chalk 
deposits, resembling “the refuse of a chemical 
factory,” 560 m, to 60 m.-high, on to the main 
Jordan Valley Terrace, which slopes gently east- 
wards for 2 km. to 5 km. to the foot of the escarp- 
ment of the main Rift Valley. This Terrace is 
known as the “Ghor.” There follows a rise of 
over 1,000 m. to the plateau above, which runs 
out eastwards into the Syrian Desert. 

In the’ depth of the Valley the climate is sub- 
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tropical to tropical, and rainfall is small. Only 
in the north end, near Lake Tiberias, is there 
sufficient rain to raise any sort of a crop. Prosperity 
in cultivation is dependent on irrigation. The 
Terrace is a couple of hundred metres below sea 
level at the Galilee end, and some 400 m. below 
the sea at the Dead Sea end. From the Ghor up 
the Rift Valley escarpment towards the plateau, 
the climate tempers and the rainfall increases till, 
at the summit, rainfall varies from 700 mm. or 
800 mm. a year in the north to 200 mm. or 300 mm. 
farther south. The variation in the rainfall is 
reflected in the tailing off of the cultivable area in 
Fig. 1. The rainfall is limited to the edge of the 
plateau. Proceeding eastwards, it declines pro- 
gressively till, at an average of some 30 km. to 40 km. 
from the Valley, it drops below. 200 mm., which 
is the lower limit for rain-fed cultivation, and 
thereafter the country is desert with sparse and 
erratic rain which suffices to give a thin and occa- 
sional vegetation useful only to nomadic herds. 
The drainage system is of a type in which the bed 
slopes start gently in the desert, steepen as they run 
westwards, and end at their steepest as they plunge 
down the escarpment into the Valley; while the 
rain is least where the streams rise and heaviest 
near their débouchment in the trough. 

Transjordan has an area of 90,000'sq. km., but 





only a tenth of this lies within the belt having a 
rainfall of more than 200 mm. Of this belt, only 
4,500 sq. km. or ‘44 million’ dunams are cultiv- 
able (four’ dunams equal one acre). This low 
proportion is due to the fact that; where there 
are open plains, there is little rain, and where there 
is rain, the land is deeply cut by wadis and gorges, 
a land of rocky slopes and precipitous valleys, with 
few plains and much uncultivable land: In the hills 
above the plateau, the climate is Californian, a 
country of great natural beauty, pleasant‘to live in, 
where fine fruits of all kinds including grapes, and 
vegetables can be grown. 

Quality by ‘itself, however, is not enough, and 
the 400,000-odd population are beginning to feel 
the pinch. There is not enough land. It is true 
that the standard of cultivation is not as high as 
it might be. It is rising, but as it does so the 
standard of living rises too, and easily keeps pace 
in the improvements in productivity. As medical 
and social services thrive, the pressure of population 
is building up, and more room will have to be found. 
All the land which can be cultivated without 
public irrigation works is already occupied and 
cultivated. Development depends upon the fullest 
use of the river and streams. 

The river system of the country is simple: From 
the plateau, numerous streams flow from east to 
west, diving down the flanks of the rift in deeply 
eroded gorges, across the Ghor and into the Jordan, 
joining it in its southerly course to the Dead Sea. 
From the sandwiched strata of the escarpment, 
exposed in the Rift Valley and in the deep gorges 
of the drainages, flow numerous springs. Many of 
these are used where they rise, and more often than 
not they provide the nucleus of villages, giving them 
water for their summer vegetables and fruit trees. 
In the deeper parts of the gorges, where there is no 
cultivable land but only precipitous rocky slopes, 
the springs flow on to join the ial streams 
which debouch on to the Terrace of the Ghor, and 
are there diverted and used for irrigation. The 

annual flow of these streams’ which 
reach the Ghor is only a few cubic metres per second. 
It is all used, though if it were taken into proper 
control it could be used much more efficiently ; 
however, the amount is small, and the development 
of these streams can be no answer to the main 
problem. 

The only means of providing new land fit for 
agriculture is, in fact, to take into use water which 
at present is not used at all. Improvement of 
existing systems is one way, though the aggregate 
saving would be small. It has often been suggested 
that much water could be saved if the old Roman 
tanks and cisterns were cleaned out and put to 
service, and new ones built; but the total of the 
surface drainage is only a few per cent. of the rainfall, 
and very simple ‘calculations suffice to show that, 
even if tanks were developed to the greatest possible 
extent, they would increase the effective water 
supply for agriculture by only a tiny fraction. 
Moreover, this method would be extremely expen- 
sive, since the cost of water delivered to the field 
would be something like five or six times that 
provided by a major scheme such as that now to be 
described. 

It has also been suggested that the subsurface 
waters should be developed, and that, under the 
ground, can be found great reservoirs of water 
easily available at reasonable cost. The Survey 
of 1937-38 examined this aspect closely. Many 
wells were drilled, their sites being chosen to cover 
every favourable region, and the records of all exist- 
ing’ wells were collected and collated. The results 
showed conclusively that wells can provide nothing 
more than an insignificant aggregate of water, 
very useful where it exists, but negligible in its 
total effect. As with tanks, moreover, it is much 
more expensive than water distributed in free-flow 
canals. Other means have been canvassed, such as 
afforestation to conserve the groundwaters and to 
attract rain, extended terracing of the hills, and 
othér minor methods. They are all excellent as 
items in a general programme of development and 
they should all be urged forward, but it can be 
easily shown that, just like tanks and wells, the new 
water they could put to use would be a negligible 





proportion of the present-day total. Neither can it 
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be assumed that, if all these methods were used 
simultaneously, their effects would be additive, since 
some of them are mutually exclusive. There. is 
no escape from the conclusion that the only: source 
of water on a scale large enough to affect the capacity 
of the country to any appreciable extent is from the 
two main rivers of the country, the Jordan and the 
Yarmuk. 

The Jordan, flows, from north to south, and 
throughout its lower reach, from Lake Tiberias to 
the Dead Sea, it forms the frontier between Palestine 
and Transjordan. The Yarmuk rises in the hills of 
Syria and in its lower reaches forms the frontier 
between Syria and Transjordan. The importance 
of the two rivers as sources of supply can be seen 











from the accompanying table. The flows have been 
Millions of Cubie Metres 
per Annum. 
Direct Groundwater 
| Run-off. Run-off, 
Jordan (outiet from Lake Tiberias) — 540 
Yarmuk (at junction with Jordan) 254 226 
Aggregate of all other streams and 
springsin Transjordan .. b, 299 282 











Note.—The whole of the flow of the Jordan at the outlet from 
Lake Tiberias is classified as groundwater, sinceit is the equiva- 
lent of the outflow from a reservoir. 


apportioned by the graphical process between 
direct run-off and groundwater run-off. The 
former is the flow which runs off directly from the 
surface after rain, while the latter is that which is 
derived from springs. The topography of Trans- 
jordan is such that storage reservoirs are virtually 
ruled out if the cost of works is to be kept within 
reasonable economic bounds, and hence it is the 
second column, that for the groundwater run-off, 
which is of practical significance as the source of 
new water for irrigation. On this basis, it will be 
seen that the Jordan and the Yarmuk together 
provide a potential 766 million cub. m. ‘per annum, 
as against 282 millions for all the other springs and 
streams of Transjordan put together. The com- 
parison is underlined by reason of the fact, mentioned 
above, that the other springs and streams are already 
used for irrigation and that all that can be expected 
from them is a saving; while the Jordan and the 
Yarmuk are not used at all and, therefore, represent 
entirely new water. ° 

These estimates were worked out in 1939 after 
a detailed survey of the country, with extensive 
current-meter and weir measurements of rivers, 
streams and springs, large and small, on a compre- 
hensive basis, the whole being tied in with all existing 
records and correlated by a hydro-geological study. 
All the records have been officially published in 
detail. There is no reasonable doubt that the 
figures given above represent proof of the broad 
truth that the sole means of gaining a substantial 
increase in agricultural development, in the quantita- 
tive sense of providing room for increased population, 
lies in the canalisation of the Jordan and the 
Yarmuk, The importance of the figure of 766 
million cub. m. a year, quoted above, can be judged 
from the fact that the aggregate annual supply 
of water by rain to the cultivable rain-fed area is 
estimated at 1,600 million cub. m. a year, falling on 
an area of 44 million dunams. 

The River Yarmuk flows in its natural state as 
far as the Jordan Valley, and at this point follows 
a typical hydrograph for this climate, which is 
illustrated in Fig. 2, page 241. The rainy season is 
from October to May, during which the river is 
liable to sudden freshets and floods. During the 
dry summer months, the flow declines steadily as 
the tributary streams and springs dry up. The 
Jordan’s regime, on the other hand, is affected. by 
its passage through Lake Tiberias. The lake has 
a superficial area of 166 sq. km. and is 21 km. wide 
at its greatest. The surface averages 209 m. below 
sea level. The regime of the river at its outlet from 
Lake Tiberias is illustrated in Figs..3 and 4, page 
241, the difference between them being due to the 
hydro-electric works, the position of which is shown 
in Fig. 5, on this page. Up till 1932, the outlet 
was uncontrolled, but in that year the Rutenberg 


works were opened, and the regime was, of course, 
profoundly, changed. The outlet was dammed 
so that the lake could be used as a storage reservoir, 
and at the confluence of the Yarmuk with the 
Jordan. a second dam was built to impound the 
joined; waters of the two rivers, Below this second 
dam are the hydro-electric works, through which 
the water falls about 20 m. into the lower Jordan, 
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in. which it flows another 100 km., as the crow 
flies, to its final: destination in the Dead Sea. 
The Rutenberg works therefore make use of the 
natural flow of the Yarmuk (on which there is 
no storage reservoir), balanced by the controlled 
flow of the Jordan from Lake Tiberias. In conse- 
quence, the flow from Tiberias is low in the winter 








and high in the summer to offset the converse 
variation of the Yarmuk. Figs. 3 and 4 show the 
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average flow at the outlet from Lake Tiberias before 
and after the erection of the works. 

By their concession, the Rutenberg works claim 
the whole of the flow of the Jordan and the Yarmuk, 
Because the water falls 20 m. through the turbines 
into the lower Jordan Valley, it could not be used for 
irrigation thereafter unless it were to be pumped 
back more or less to the level from which it started ; 
that is, unless the power utilised in its fall were 
restored. Transjordan has inherited. the con- 
cession in becoming independent under the new 
treaty. There is a clause in the concession, as 
ratified in Transjordan, which gives Transjordan 
the right to take water from the Yarmuk which 
is in excess of the needs of the works, and this 
would enable them to make a start with an irrigation 
project. Although the concession is for 75 years, 
provision is made for its termination after half 
that period, of which nearly 20 years have elapsed 
and it is reasonable for Transjordan to plan on the 
assumption that, in 17 or 18 years at most, they will 
regain the disposal of their waters. It would natur- 
ally be for decision whether they should then allow 
the electricity concession to continue on account 
of the benefits it brings, or, alternatively, to use 
the water for irrigation. It seems hardly likely 
that Transjordan would find this a difficult matter 
to decide, since the concession appears to provide 
no benefits to Transjordan at all in return for the 
surrender of their waters. The country does not 
even enjoy a share of the electricity generated at 
the works. 

The area which would be irrigated consists of the 
long narrow Terrace of the Ghor, the old bed of the 
sea in the Valley from Lake Tiberias in the north to 
the Dead Sea in the south. It averages a few kilo- 
metres wide by about 100 km. long, and is illustrated 
in Fig. 5, being the strip lying between the proposed 
canal line in the east and the Jordan to the west. 
The old Jordan sea extended right up the Valley 
and laid down deposits of chalk, marl and gypsum. 
Following the retreat of the sea down to its present 
level, rich soils were washed down from the hills 
which covered the lower beds and provided soil areas 
on the Terrace. The width of the Terrace varies 
between 2 km. and 5 km. In this soil, mostly free 
from scrub and with easy contours, irrigation and 
the sub-tropical to tropical climate combine to pro- 
duce an abundant yield of every kind of crop, from 
cereals, vegetables and stone fruits to citrus fruits of 
all kinds, bananas, and other tropical fruits and 
crops. It could be one of the richest agricultural 
regions in the whole of the Middle East. 

By the technical criterion of water levels in rela- 
tion to the land, both the Yarmuk and the Jordan 
could easily be diverted to command practically the 
whole of this Terrace right down to the Dead Sea, 
and Fig. 5 shows a possible canal alignment. Diver- 
sions from the Jordan at its outlet from Lake 
Tiberias, and from the Yarmuk where it enters the 
Valley, would join at the north end. There are two 
possible ways of taking in the Jordan. The figure 
shows a canal run from Lake Tiberias along the left 
bank of thé natural river, doubling back up the 
lower mouth of the Yarmuk, which it crosses in a 
siphon to join the diversion canal from the Yarmuk. 
Alternatively, there might be a direct cut, much 
shorter, but much deeper, across the neck of land 
from Lake Tiberias near Semak and through a siphon 
to cross the Yarmuk. The choice would depend, of 
course, upon closer surveys and soundings. To 
divert the Yarmuk would not prove difficult ; the 
gorge from which it issues, which is of basalt, pro- 
vides several favourable sites for a diversion weir. 

After the junction of the two head canals, the 
main canal would be run as far up the slopes of the 
foothills as is economic. The higher the line, how- 
ever, the more difficult and rocky the ground 
becomes, because, after a point, the soil covering 
begins to be broken by rock outcrops which are the 
start of the main escarpment of the Valley. Thus 
while, to bring in the largest area, the line would be 
pushed up as far as possible, a compromise between 
the extra ground gained and the extra cost of excava- 
tion in rock would have to be sought. 

The Terrace is divided naturally, and more or less 
evenly, into roughly rectangular blocks by the wadis 
which flow down from the hills to the Jordan. The 
chief of these wadis are shown in Fig. 5. Some of 
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these are deep and wide and would be crossed in 
siphons or aqueducts. From those of the wadis 
which are perennial, the water would be taken into 
the main canal. Just after each of the main wadis 
there would be cross-regulators on the main canal, 
and distributaries taking off from. above them. 
Each block of land would be supplied, therefore, by 
a distributary under positive control. From the 
distributaries, minors would lead off, with off-takes 
to the individual holdings. There would thus be 
four classes of channel: the main canal, distribu- 
taries, minors, and field off-takes. For the purposes 
of the present proposal, it is assumed that all of 
these would be in lined sections, so as to achieve the 
greatest economy of water. . 

The ultimate controlling factor as regards levels 
is the level of Lake Tiberias, which is taken at 
209 m. below sea level. To avoid the negative 
sign, an arbitrary 400 m. is added, so that to this 
arbitrary datum the level of the lake is taken at 
191 m. Water level at the head of the Yarmuk 
diversion is 190 m. The slope of the main canal 
is taken at 1:7,500, broken by falls at several 
points, the largest of which is at the Wadi Zerga 
crossing; where a fall of 10 m. or more would be 
necessary; thus ample head for the command of 
the land is available throughout the canal. 

The alignment of the canal, shown in Fig. 5, 
was plotted on a detailed contour survey made in 
1937-38 as far south as the Wadi Zerga, and there- 
after on the basis of several independent barometer 
traverses, helped out with observation of the existing 
local canal systems from the wadis, as shown on 
the cadastral survey, and by some more ancient 
canal works of which traces can be seen. The 
precise siting of the canal line is not critical as 
regards command of the land, as it is in some 
countries, since at the foothills the transverse slope 
of the Terrace is between 1:20 and 1: 50, while 
the longitudinal slope from north to south gives 
easy command. 

The aggregate area of land in the Valley on the 
Transjordan side which is suitable for cultivation 
if water can be applied is 376,000 dunams, as mea- 
sured in detail by the Fiscal Survey. (Four dunams 
to the acre ; 1,000 dunams to the square kilometre.) 
This takes in not only the land which can be com- 
manded from the canal indicated in Fig. 5, but 
includes all the land suitable for cultivation on the 
Terrace. Some of it lies to the east of the canal line ; 
that is, higher, and therefore could not be com- 
manded by free flow from the canal. Part of this 
could be commanded from the streams which flow 
from the hills, and the rest could be irrigated by 
pumping from the canal. The project here outlined, 
however, is confined to the plain free-flow area. 

Apart from the main rivers and the streams, 
some additional water could be obtained from 
wells. There are some parts of the Terrace where 
conditions are favourable from the. geological point 
of view, and these were explored in 1937-38. A 
number of wells were drilled, and the most hopeful 
area was found to be in the southern part, near the 
Wadi Sha’eb. It is one thing, however, to find a 
few freely-yielding exploratory wells, and quite 
another to assume that they can be multiplied 
by mass development to provide a substantial 
addition to the water supplies. Estimates relating 
the geological and hydrological characteristics of 
the wells and the rainfall offer no hopes that the 
total flow that could be extracted would amount to 
more than half a cubic metre a second or so. This 
source of water also is omitted from the present 
project. 

If only a straightforward project for free-flow 
irrigation be considered, an area of 300,000 dunams 
protected can easily be provided for, the water being 
drawn from the Jordan, the Yarmuk, and the 
perennial streams in Transjordan. As a basis of 
calculation it has been assumed that, of every 
100 dunams protected, 75 would be under cultiva- 
tion throughout the year, 124 lying fallow in the 
winter and the same in summer, It is assumed that 
the water requirements would be at 5 cubic metres 
a day per dunam being irrigated in the winter, 
and 5$ in the summer. This means that the total 
water requirement per gross dunam protected is 
1,690 cubic metres per annum, while, for purposes of 
calculating canal sections and discharges, one cubic 
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meter per second must be taken for every 18,000 
dunams. A family holding of 30 dunams is allowed 
for. 

To take in a gross area of 300,000 dunams of 
cultivable land, therefore, an annual supply of 
507 million cubic metres is required, and the canal 
sections will be based on a flow of 16-6 cubic metres 
per second at the head. Of the annual requirement 
the streams would supply 123 million cubic metres 
@ year from their groundwater flow, or about a 
quarter of the whole, leaving 384 million cubic 
metres a year to be found from the Jordan and the 
Yarmuk. In the summer, which is the critical time, 
a flow of 12-5 cubic metres per second would be 
required from the Jordan and the Yarmuk together. 
The control of the outlet from Lake Tiberias would 
be on the same lines as are needed for the hydro- 
electric plant, and Figs. 2 and 3 indicate that the 
water required can be found. 

The project has not been taken to the stage of 
detailed design of works, but estimates have been 
taken out on typical sections and designs. Provi- 
sion has been made for concrete-lined channels 
throughout, right down to the field channels to the 
individual holding. For the most difficult ground, 
a box section has been adopted as a type, changing 
to an open rectangular section where the canal hugs 
the steeper slopes. For open ground, a plain 
trapezoidal section lined with concrete has been 
provided for. All major drainages are assumed to 
be crossed in siphons. Thirty-nine such siphons are 
included in the main canal, totalling a length of 
6-7 km., of which 5-35 km. are taken to be of steel, 
and the remainder of reinforced concrete. In prac- 
tice, many of these might be better combined with 
road bridges into the form of aqueducts, but. for 
estimating purposes they have been taken as siphons 
since this outline project does not include roads. In 
the estimates the siphons have been provided with 
a liberal cross-section for safety. 

In addition to the main wadis, the smaller wadis 
and surface rivulets have to be taken care of. 
Smaller wadis are assumed to be passed under the 
canal in concrete section with a suitable sectional 
area, just as they are carried under roads as a matter 
of course. To provide for minor surface drainage, it 
is assumed that the canal is protected by a small 
parallel drain with detritus basins, averaging one 
such basin at every 200 metres along the length of 
the canal, from which the water is passed through 
@ culvert ‘into the canal itself. As a general pre- 
caution, an escape is allowed for at 16 of the main 
wadi crossings, discharging into the wadis them- 
selves. 

All the estimates were made by calculating the 
cost of typical sections and units for several capa- 
cities and plotting the results. The factual capaci- 
ties and lengths of channel of various types, regula- 
tors, escapes, etc., were then estimated by reading 
off from the curves. For the minors and field chan- 
nels, however, the estimate was framed on the basis 
of a typical lay-out, costed out and reduced to a 
flat rate per unit of area, and applied to the total 
area of 300,000 dunams. The fact that the area to 
be irrigated falls into fairly regular blocks, and that 
levels are everywhere such as to offer no difficulties 
in gaining command, make this method of calcula- 
tion reasonably reliable for a first estimate. The 
diversion works were estimated on safe typical 
designs on a lump-sum basis by comparison with 
similar works elsewhere, adjusted for local rates. 

The costs were worked out before the recent war, 
and it is convenient to give them on that basis. 
The following unit prices were used, based on tender 
prices for public works as current in 1938 : 


Reinforced concrete for canal linings 


and flumes, laid complete £P.5-0 per cub. m. 


Mass concrete, laid complete BP ihs@-::.:005):-00 
Excavation in rock, average &P.0°350.,, . » 
Excavation in earth, average BP.0-050 .,.  » 


Steel fabricated into siphons, laid 


and erected complete £P.0 -050 per kg. 


The estimated aggregate cost of the entire project 
at 1938 prices, with safe margins at all stages of 
the calculations, worked out at 2,650,000/. for 
capital works. Of this, something under one-third 
is to cover the cost of minors and field off-takes, 
all of which, as has been said, are provided for in 
concrete section. There is much scope, therefore, 
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for saving in initial capital cost, at some expense 
in efficiency, by making the distributary systems 
in plain earth section as a first step. Moreover, 
much of the main canal itself could be treated 
similarly, with further initial saving. 

For the whole project as outlined above, the cost 
of water supplied to the field is calculated at } mil 
per cubic metre (about 4d.), at 1938 prices, taking all 
interest charges and costs of running and mainten- 
ance into account. It was calculated that, at 1938 
prices, this would sas permit the economic support 
of a family on'a 30-dunam holding growing nothing 
but cereals and vegetables, so that ‘all improvements 
in standards and intensity of cultivation would be'so 
much gain. 

Considerations of cost, as’ of the fact that the 
Rutenberg Concession has still some ‘years to run 
before it’ can be bought out, would mean that the 
project would have to be carried out in stages— 
assuming, that is, that Transjordan has to rely 
mainly on internal resources in the matter. The 
first stage might well be to take in rather less than 
2 cub. m. a second from the Yarmuk alone, running 
the canal round as far as the Wadi Ziqlab (see Fig. 5). 
This would enable some 45,000 dunams to be 
irrigated, and, if the main canal itself is in plain 
earth section where possible, and all the distribu- 
taries minors and field off-takes likewise, the capital 
cost at 1938 ‘prices would be about 70,0001. Details 
of such an initial project, with a contour ‘map, 
have been published officially in the writer’s report 
on ‘‘ The Water Resources of Transjordan and their 
Development,” issued by the Crown Agents for the 
Colonies in 1939. 

To summarise: Transjordan needs to expand 
the proportion of agricultural land. This demands 
major irrigation development, and the only sub- 
stantial source of new water not already used is 
the River Jordan and the River Yarmuk, At a 
capital cost of 2,650,000/., at 1938 prices, a supply of 
507,000,000 cub. m. per annum could be brought in, 
of which 384,000,000 cub. m. would represent new 
water from the Jordan and the Yarmuk, hitherto 
not used at all. The significance of this to Trans- 
jordan is illustrated by the fact that the total rain 
supply to the area now cultivated is 1,600,000 million 
cub. m. a year, on which the whole population now 
subsists. Adequate hydrological data are available, 
with contour surveys and cadastral surveys, to 
enable the project to be designed in detail. Nothing 
stands in the way of a start on the first stage of the 
project, which might be for some 45,000 dunams, 
estimated at 70,0001. at 1938 prices, except finance 
and the release of a sufficient quantity of water 
under the relevant clauses of the Rutenberg 
Concession. 





CHEMICAL PLANT.—Two leaflets on **‘ Diamond ” chemi- 
cal plant have been received from Messrs. The London 
Aluminium Company, Limited, Westwood-road, Witton, 
Birmingham, 6. The leafiets describe and illustrate, 
respectively, an improved type of refining and deodoris- 
ing plant for the processing of vegetable and animal oils 
and fats, and vacuum stills for reaction, esterification and 
polymerisation units. 

THE CONSUMPTION OF NON-FERROUS METALS.— Detailed 
figures of the consumption of non-ferrous metals in the 
United Kingdom during the second quarter of 1946 have 
been issued recently by the Directorate of Non-Ferrous 
Metals of the Ministry of Supply. The statistics relate 
to virgin metal only and, with the exception of lead and 
antimony, all the totals for the period are higher than 
those for the first three months of the year. The figures 
for the second quarter are given below, the totals for the 
first quarter being shown in brackets: —zinc, 51,548 tons 
(50,653 tons); lead, 48,013 tons (55,426 tons); tin, 
6,449 tons (5,421 tons) ; nickel, 3,094 tons (2,098 tons) ; 
cadmium, 138 tons (127 tons); antimony, 1,274 tons 
(1,490 tons); cobalt, 244 tons (149 tons); and man- 
ganese metal, 149 tons (136 tons). The principal uses of 
the zinc was for making brass, for galvanising, for pro- 
ducing rolled sheet and for the manufacture of zinc oxide. 
Lead entered into cable and electric-battery manufacture 
and was also used for making sheet and pipe, white lead, 
and solder. Tin was consumed in making tin-plate, 
solder and other alloys, and nickel in the manufacture of 
alloy steels, alloy cast irons and non-ferrous metal alloys. 
Cadmium was used for plating, for alloy making, and for 
batteries ; antimony for batteries, for making antimonial 
lead and other alloys and products ; manganese metal for 
the manufacture of copper and light alloys ; and cobalt 
for making alloys, salts and other products. 
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Water Treatment and Purification. By WiL1aM J. Ryan. 
Second edition. The McGraw-Hill Book Oompany, 
Incorporated, 330, West 42nd-street, New York, 18, 
N.Y., U.S.A. [Price 2.75 dols.]; and McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
London, W.C.2. [Price 148.] 

THis is a very readable account of the processes 

adopted in the treatment and purification of water. 

Since the first edition was published in 1937, there 

have been some notable developments in water 

treatment, especially in the use of ion-exchange 
materials, in the disinfection of water for drinking 
and other and in the treatment of water 
for boiler feed. These developments are described 
in such a way as to give the engineer an under- 
standing of the underlying principles involved in 
their application, and the author obviously draws on 

a long experience in the practice of water treatment. 

In 12 chapters, he provides short but adequate 

descriptions of the various processes involved in 

rendering natural waters suitable for the various 
purposes for which they are required. The chapters 
dealing with sedimentation and coagulation, filtra- 
tion, water softening, ion exchangers, boiler-feed 
treatment, and disinfection of water, in particular, 
are well illustrated with diagrams and with repro- 
ductions, of photographs of plants. At the end of 
each chapter is a short of its contents and 

a selected bibliography which will be useful to the 

reader who wishes to make a more advanced study 

of the processes described. 

The chapters dealing with the treatment of boiler- 
feed water and with the disinfection of water are 
up to date, and those dealing with taste and odour 
removal, the removal of iron and manganese, and the 
prevention of corrosion are especially worth reading. 
The chapter on the analysis of water is, perhaps, 
rather restricted to physical and chemical methods 
and no, mention is made, of bacteriological examina- 
tion, which is so important in connection with 
drinking-water supplies. An appendix contains 
equivalents, of weights and measures, formule 
and molecular weights of compounds frequently 
concerned in water treatment, and a map, prepared 
by the United States Geological Survey, showing, 
by States, the average hardness of public water 

i The author quotes approvingly from the 

Standard, Methods for the. Examination of Water and 

Sewage of the American Public Health Association 

and from the Manual of Water Works Practice 

issued by the American Water Works Association. 

The book may be commended to engineers concerned 

with problems of water treatment and should appeal 

also to a wider circle of readers. 





The Chemistry of Cellulose. By Emit Heuser. John 
Wiley and Sons, Incorporated, 440, Fourth-avenue, 
New York, 16, N.Y., U.S.A. [Price 7.50 dols.]; 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 45s. net.] 

Few people appreciate the rate at which the com- 

pound “ cellulose,” the principal chemical constituent 

of plant life, is changing its role from that of a 

laboratory curiosity to that of an important factor 

in modern civilisation. Almost unobtrusively, in 
fact, it has become the parent substance of numerous 
and varied industrial developments, of which paper 
and cotton textile manufacture alone are well- 
known. The association of explosives, rayon fibres 
and films, and of many plastics and solvents with 
cellulose is familiar only to the well-informed ; while 
that of fodders, alcohol, tanning agents, fertilisers, 
synthetic rubber, lubricants, dyestuffs, etc., is at 
present realised only by the expert. For this reason, 
if for no other, the appearance of a book on cellulose 
commands special attention. It should be stated 
at once that the present volume does not deal with 
these intriguing industrial applications, as such. 

As its title indicates, it is concerned essentially with 

the chemistry of cellulose, upon which, of course, the 

applications referred to are all based. At the 

Institute of Paper Chemistry, Appleton, Wisconsin, 

an impressive amount of work has been in progress 

on this correlation of the chemistry and physics of 
cellulose with practical applications, and the fact 


that the author of this book is a prominent member 
of the staff of the Institute is a recommendation at 
the outset. 

Actually, the book bears out these indications 
fully, and may: be recommended with confidence, 
and unreservedly, to those who require a critical 
digest of the literature of the subject. It is 
addressed, in particular, to the student who is 
starting to specialise, and to industrial chemists 
who wish to acquire or to revise their knowledge of 
the fundamental science of cellulose. The style is 
clear and concise, the facts are presented accurately, 
and the documentation (so far as war-time conditions 
have allowed) is particularly good, there being over 
2100 references to original papers. If any comment 
is called for, it is that the adjective “‘ critical,” used 
by the author to describe his treatment of the 
literature, requires implementing in the somewhat 
numerous instances where experiments or theories 
are merely summarised, and the (probably be- 
wildered) reader is left to make his own choice or 
to draw his own conclusions. A case in point is 
the treatment of the cellulose-water relationship, a 
highly contentious subject on which, perhaps, 
reticence has been both the easiest and wisest 
course. Recent developments appear, on the whole, 
to be adequately covered ; even the cupriethylene- 
diamine method for determining the viscosity of 
cellulose is dealt with, although it could not have 
been long published when the book was written. 
A notable exception here, however, is holocellulose, 
for which the author is content to provide only a 
definition, despite its proved importance as a factor 
in the modification of cellulose by heating. The 
above, however, are only minor points, which can 
be easily remedied in the next edition. 

The book opens, appropriately, with a chapter on 
fibre morphology and cell-wall structure. The 
chemical behaviour of cellulose is then dealt with 
under the headings of its reactions with water, 
alkalis, organic bases, ammonia, salt solutions, 
cuprammonium hydroxide, acids and oxidising 
agents. Individual chapters desl with the impor- 
tant cellulose esters, ethers, and xanthates, which 
are the basis of a number of the synthetic fibres, 
films and plastics now such a feature of everyday 
life. Then follow chapters on the decomposition of 
cellulose by heat and by biological action, the latter 
a particularly interesting aspect of the subject and 
one by no means as irrelevant to the chemistry of 
cellulose as might be thought. The two final 
chapters deal briefly with the chain structure and 
molecular weight of cellulose. There are good 
subject and author indexes, and the illustrations 
(which include a number of interesting photo- 
micrographs of fibres) are well reproduced ; in fact, 
the book attains in every way a high standard of 
production. 





Vorgespannter Beton. By ProressoR Dr. M. RITTER 
‘ d Dr. P. Larpy. Verlag A.G. Gebr. Leeman and 
. Company, Ziirich. [Price 12 Swiss francs.) 

Tue first half of this book deals with the history, 
development, theory and design of pre-stressed 
reinforced concrete. The reader conversant with 
English publications on the subject will find no new 
information in it, but much valuable material will 
be found in the second half of the book, which 
describes tests made by a committee of the Swiss 
Institution of Engineers and Architects, recom- 
mendations for design and manufacture, and, 
finally, examples of such structures built in Switzer- 
land during the war years, 1942-45. Apart: from 
preliminary material tests, 36 beams, 5 in. by 8 in. 
in cross-section, and 20 ft. long, were investigated. 
The reinforcing wires used varied between 0-08 in. 
and 0-2 in. in diameter, the percentage of reinforce- 
ment between 0-088 and 0-50, the initial pre-stress 
between 22-5 tons and 103 tons per square inch, 
and the age of the concrete, when the reinforcements 
were released, between eight and 18 days. Resulting 
from these tests, a creep diagram for high-tensile 
steel was obtained. Another discovery of interest 
was that the “ Hoyer effect,” that is, the automatic 
cone anchorage at the ends of thin wires, in units of 
pre-stressed reinforced concrete, could not be 
ascertained during the tests of any specimen. On 








the other hand, the continuous anchorage provided 
by twin twisted wire strands gave good results. 





Recommendations for a code of practice put 
forward by the committee deal only with the bonded 
or monolithic type of pre-stressed reinforced. 
concrete structures. They come under five head. 
ings: materials, permissible stresses, static design 
factor of safety, and tests of the pre-stressed pro. 
ducts. The following minimum requirements are 
recommended. Concrete: cube crushing strength 
at 28 days, 9,000 lb. per square inch; at the release 
of the pre-stress, 6,000 lb. per square inch ; specific 
gravity, 2-46, i.e., 153 lb. per cubic foot ; cylinder 
strength, 0-75 of cube strength ; bending strength, 
0-15 of cylinder strength ; modulus of elasticity, 
6 x 10° lb. per square inch; maximum coefticient 
of shrinkage, 0-0005 ; average coefficient of plasti- 
city, 4. Steel: ultimate tensile strength, 100 tons 
per square inch; yield limit, with 0-2 per cent. 
plastic deformation, 0-8 of ultimate strength ; 
Young’s modulus, 27 to 31 x 10° lb. per square inch ; 
modular ratio for accidental loads, 5; and ratio for 
sustained loads, 20. The permissible extreme fibre 
compression in the concrete, 3,000 lb. per square 
inch ; oblique tension at neutral axis, 120 lb. per 
square inch. No net tension due to bending is to be 
allowed. The initial pre-tension of the steel is not 
to exceed 0-85 of the ultimate strength, or 0-70 of 
the yield limit. The factor of safety against cracking 
under static loads is to be not less than 1-5, and 
against failure, between 2:5 and 3-0, For dynamic 
tests, the corresponding factors to be not less than 
1-2 and 1-5, respectively. 

The practical applications of pre-stressed rein- 
forced concrete constructions in Switzerland, from 
1942 up to the present, include poles for the electric 
State railways, bases for timber masts, railway 
sleepers, and railway bridges. The most important 
contribution of Swiss practice to the development 
of such constructions concerns the type of compound 
structure which consists of pre-cast and pre- 
stressed units and a top slab cast in situ. The 
units are designed to support the concrete cast in 
situ, and to carry only the deadweight of the 
structure. They are, therefore, relatively light 
and easily to transport. The top layer of in-situ 
concrete, with optional unstressed reinforcement, 
supplies the additional load-carrying capacity to 
deal with live loads. This type of compound 
structure has been used for the construction of 
railway bridges of restricted depths and of factory 
floors carrying heavy loads. 

The book concludes with a list of references to 
publications on prestressed reinforced concrete which 
have appeared in Swiss technical journals during 
recent years; on account of the war, these articles 
are not well known in this country. Vorgespannter 
Beton may be recommended to progressive engineers 
and contractors in this country, because it shows 
clearly that, according to Swiss experience, pre- 
stressed reinforced concrete does not present the 
highly specialised problems which have been attri- 
buted to it, but is a subject within the capacity of 
any qualified engineer who cares tostudy it with an 
open and critical mind. 





ROYAL NAVAL VOLUNTEER SUPPLEMENTARY RESERVE. 
—A recent announcement by the Admiralty states that 
it has been decided to reconstitute the R.N.V. Supple- 
mentary Reserve immediately. This Reserve will be 
open to any officer who has held a temporary commission 
in the Royal Navy, the Royal Naval Reserve, or the 
Royal Naval Volunteer Reserve since September 2, 
1939, and who is prepared to volunteer for naval service 
in the event of any future emergency. Officers will be 
enroelied in the substantive rank that they held on 
dispersal and will be entitled to style themselves by their 
war-service rank and to wear the uniform of such rank 
on State or ceremonial occasions, but they will not be 
eligible for promotion in rank. According to the area in 
which they reside, officers of the Supplementary Reserve 
will be affiliated to one of the R.N.V.R. divisions, and in 
the case of an area having no R.N.V.R. headquarters they 
may, if in sufficient number, form their own Supplemen- 
tary Reserve unit for the purpose of meeting together. 
Officers who have already volunteered for transfer to the 
permanent R.N.V.R. need not send in their names, as 
those who are not selected will be informed, and at the 
same time will be invited to join the Supplementary 
Reserve. Applications for consideration for enrolment 
should be sent to the Admiral Commanding Reserves, 
Queen Anne’s Mansions, St. James’s Park, London, 
8.W.1, from which address further particulars may be 
obtained. 
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THE EVOLUTION OF THE 
BAILEY BRIDGE. 


We have received from the Information Directorate 
(Ministry of Supply) particulars of the evolution of the 
Bailey bridge during the war. We give below a con- 
densed account of this work. 

At the outbreak of war in 1939, the bridging equip- 
ment available for field use in the British Army was 
only capable of carrying, at the limit, Class 30 loads. 
The bulk of this equipment was sent to France and was 
subsequently lost during the operations preceding Dun- 
kirk. It became a matter of some urgency, therefore, 
not only to replace this equipment, but, in view of the 
steadily increasing weight of military vehicles, to 
design a bridge capable of carrying the increased loads 
and, at the same time, suitable for field use by the 
Royal Engineers. 

The design of a bridge which would fulfil both these 
requirements was commenced by Sir Donald Bailey, 
0.B.E., at that time chief designer of the Experimental 
Bridge Establishment, Christchurch, and his staff, early 
in February, 1941, and the first experimental bridge, 
constructed by Messrs. Braithwaite, Limited, West 
Bromwich, was ready for trials at the end of May, 1941. 
The trials showed that the structure was extremely 
easy to handle and capable of carrying the loads for 
which it had been designed, and, at a subsequent demon- 
stration before representatives of the War Office, a 
70-ft. Class 40 bridge was erected by a comparatively 
untrained crew in 45 minutes. An illustrated descrip- 
tion of this bridge in its final form, then known as the 
Bailey bridge, was given in EnGrneERine, vol. 157, 
page 507 (1944), but may be summarised here. Basic- 
ally, the bridge is of the side-girder type, the girders 
being built up from vertical panels which are connected 
at their top and bottom corners by knuckle, or pin, 
joints to form continuous members. Additional bend- 
ing resistance can be provided by employing either two, 
or even three, of these girders side by side to form each 
truss, while still more strength can be obtained by 
adding further panels along the top of these girders, up 
to three storeys high. Generally, the bridge is erected, 
in the first instance, as a single-storey unit. The panels 
are joined together on rollers, thus forming long girders 
which are pushed out across the gap to be spanned. 
The leading panels form a “ launching nose ’’ which is 
given an upward slope by fitting short distance-pieces 
at the bottom joints, thus counteracting the natural 
sag. When this “nose” reaches the far side of the 
gap, it is supported on rollers. The weight of the pro- 
jecting girders is balanced during the launching opera- 
tion by adding panels on the land side of the rollers. 
The “nose ”’ is, of course, dismantled on the far side 
and further panels are then added according to the 
class of bridge desired. To distinguish the various 
forms of construction from one another, a bridge 
employing, say, three single girders on each side is 
described as a “‘ triple-single”” bridge while a bridge 
employing three three-storey girders on each side is 
called a “‘ triple-triple ” bridge. 

After the demonstration referred to above, before 
representatives of the War Office, the Directorate of 
Royal Engineer Equipment was instructed to proceed 
immediately with the production of 200 bridges. At 
that time a bridge was defined as the material and com- 
ponents required to erect one 130-ft. ‘‘ double-double ” 
bridge, complete with ramps and erection equipment. 
Before the bridge went into production, however, this 

order had risen to 1,300 bridges and it rose, eventually, 
to 4,500 bridges, by which time a bridge was defined as 
the material and components required to build either 
one 130-ft. ‘‘ double-double” bridge, or two 80-ft. 
‘* double-single ” bridges concurrently, or four 40-ft. 
“single-single ” bridges concurrently. 

When production was first planned, it was decided 
that the only satisfactory method would be to institute 
& system off ‘parent ” firms whereby one large con- 
tractor undertook to build a large number of com- 
ponents, probably more than he was capable of building 
with his own capacity. He, in turn, found a number 
of sub-contractors to whom the excess quantity was 
sub-let, and thus a group was formed for which the 
parent firm was entirely responsible so far as produc- 
tion planning, issue of drawings and similar matters 
were concerned. In the early stages, the number of 
parent firms and groups was only eight, but it soon 
rose to 24, together with a large number of isolated 
firms who, owing to their location, could not be fitted 
into any particular group. Eventually, the total 
number of firms employed, including all the members 
of the various groups, rose to about 650. Out of this 
figure, the number of unsatisfactory firms was less 
than 1-5 per cent., a result achieved by careful ee 
tion of the prospective manufacturers in the first 
instance, and drastic cancellation of orders when a 
firm was considered to be inefficient. 

The first orders were placed during July and August 
1941, but rapid production did not commence until 
January, 1942. By April, 1942, the production rate 
was approximately 10,000 panels a month, with other 


-modifications to the sealed design, which were kept to 


parts in proportion, and by November, 1942, it had 
risen to 20,000 panels a month. From then on, with 
the exception of six months interference due to the 
‘“* Whale ” bridging programme for Mulberry Harbour, 
the rate of production continued at between 21,000 
panels and 26,000 panels a month, with other parts in 
proportion. The corresponding tonnage figures were 
57,000 tons of components produced in 1942, rising to 
171,000 tons in 1943 and then falling to 165,000 tons in 
1944, the fall being due, as previously mentioned, to 
the Mulberry Harbour programme. Altogether, approx- 
imately 500,000 tons of Bailey bridging were produced 
between August 1941 and the end of 1945, representing 
an expenditure of, approximately, 40,000,0001. 

Many problems were encountered during production, 
the first major one being the difficulty of maintaining 
accurately the tolerances called for on the dimensions 
between the pin holes of the panels. Owing to the 
quantity required, it was impossible for any one firm 
to carry out production of all the panels; in fact, 
during the peak period, 42 firms were actively engaged 
on panel production at varying rates up to 800 a 
week each. To ensure complete interchangeability, 
very careful control of jigging was required and a 
system of gauging was instituted by the Inspectorate 
whereby each panel was gauged for accuracy of dimen- 
sions before being accepted by the Inspector. In 
addition, all panels were sent to Long Marston Engineer 
Stores Depot, where they were tested for strength 
before being accepted into the Service. Eventually, 
in view of the great rise in the output of panels, central 
testing was found to be impracticable, and individual 
ae test rigs were installed in the major panel-manu- 
acturers’ works so that the output of the larger firms 
could be tested before dispatch. Products of the 
smaller firms, however, continued to be tested centrally 
at Long Marston and later, at Garston Docks, Liver- 
pool, as well 

When production began to rise rapidly, serious diffi- 
culties were encountered in obtaining sufficient supplies 
of high-tensile steel. Furthermore, difficulty was also 
experienced in maintaining accurately the specifica- 
tion for the steel, it being essential to control the 
carbon content between close limits to ensure eas 
welding, and yet retain the tensile strength of the io | 
As a result, a mission was sent to the United States 
to purchase 15,000 tons of high-tensile steel rolled 
to British Standard specification. This, although 
only a small figure, was necessary to tide over the 
period pending fruition of the plans made to increase 
the output of high-tensile steel in this country. 

A further problem encountered was the shortage of 
large drills for drilling the panel-pin holes. To over- 
come this, a pool of drills was set up under the control 
of the Wellington Tube Works, Birmingham, who held 
a stock of drills obtained through the Drill Control and 
sold them to the various Bailey bridge manufacturers on 
instructions from the production department. This 
arrangement proved entirely successful and eventually 
solved the drill problem. 

Many other difficulties were met with, among them 
the problem of instructing firms inexperienced in the 
technique of the mass production of welded-steel com- 
ponents. That such instruction was necessary is not 
surprising as many different types of firms, ranging 
from structural-steel manufacturers to bedstead manu- 
facturers, were engaged in the production of these com- 
ponents. The Inspectorate, therefore, instituted a 
system of District Officers whose task was to instruct 
and generally assist the firms within his area, and, 
according to the Inspectorate, it was due largely to 
their work that production was kept at such a high 
level. A further factor which helped to maintain the 
high level of production was the strict control of 


an absolute minimum, being introduced only when 
considered essential from the point of view of the 
strength of the bridge. 

Undoubtedly, the principle of assembling the bridge 
before launching was the major factor which contri- 
buted to its success. Furthermore, adapting the equip- 
ment so that it could be used in conjunction with 
floating pontoons increased the scope of the bridge con- 
siderably. During the war, the longest known floating 
bridge erected was 4,008 ft. in length, while the length 
of the longest bridge carried on fixed supports was 
1,400 ft. Unfortunately, the Bailey bridge was not 
available for the advance across the Libyan Desert. It 
was used, for the first time, in Tunisia, but was first 
employed extensively after the assult on the Italian 
coast, where it helped to make possible the rapid 
advance up the peninsular. During the advance to 
Florence, Bailey bridges were built on the average of 
one per mile and at one stage, just North of Florence, 
one Division built nine bridges during an advance of 
three miles. This large number was necessary because 
a feature of the Italian roads through the mountains is 
the large number of culverts at every re-entrant bend 
in the road, all of which were systematically demolished 
by the Germans. 








North-West European campaign, and some idea of the 
number of bridges built during the advance from the 
Normandy bridgehead to Berlin is given by the follow- 
ing official figures quoted by G.H.Q., 2lst Army 
Group. It will be appreciated that these figures apply 
solely to the 2lst Army Group and any American 
Units which came under their command, and do not 
include bridges built by the American Army as such. 
From ‘“ D” day to the break-out from the Normandy 
bridgehead, 10,000 ft. of equipment bridges were built ; 
that is, Bailey bridges, folding boat bridges, and the 
American Treadway bridge. The greatest obstacle was 
the River Orne, over which three Bailey pontoon bridges 
were built across tidal gaps of between 250 ft. and 
300 ft., in addition to 14 fixed bridges. Between the 
Orne and the Seine there are no major obstacles but, in 
crossing the Seine, eight Bailey pontoon bridges, of 
lengths ranging from 450 ft. to 750 ft., were built. Four 
of these were in tidal water and each was built by two or 
three Field Companies in from 14 hours to 34 hours. 
Beyond the Seine, the German retreat was extremely 
rapid, and, in the advance over the Somme and Scheldt 
to Brussels and Antwerp, only 8,000 ft. of equipment 
bridge were needed. In North-East Belgium and 
Southern Holland, however, the Germans made full 
use of the numerous waterways and a total of 41,000 ft. 
of equipment bridge was used between the Brussels- 
Antwerp line and the Meuse. 

There was no assault crossing over the Meuse, but 
between the Meuse and the Rhine some very long 
Bailey bridges were built including, across the Meuse 
pitself, the pontoon bridge of the record length of 
4,008 ft. and a high-level Class 70 pontoon bridge, 
1,024 ft. long. Very heavy traffic passed over some 
of these bridges and in one instance, 4,990 vehicles 
passed over a Class 40 pontoon bridge in 24 hours, 
the bridge having been used alternately for up and 
down traffic. During the assault crdéssing of the Rhine, 
seven Bailey pontoon bridges were built, followed at a 
later date by three more. One of these, a Class 46 
bridge 1,081 ft. long, was completed in 36 hours by 
three Field Companies. Subsequently, however, some 
of these were replaced by Bailey bridges erected on 
piles, for which special equipment was developed, as 
the pontoons were unable to withstand the flood waters 
during the spring of 1945. After the Rhine had been 
crossed, the ability of the Germans to carry out 
demolitions, despite their steadily increasing disorgani- 
sation, remained remarkably great. From “D” day 
for the Rhine crossing until the “ Cease-Fire” on 
May 5, the Canadian and_ British Armies had to con- 
struct 509 equipment bridges, or 36 per cent. of the total 
built during the complete campaign. In the whole 
course of the campaign from Normandy to Berlin, the 
total number of Bailey bridges built was 1,509, the 
total length being 29 miles of fixed bridging and three 
miles of floating bridge. 

An idea as to the speed at which it is possible to 
erect the Bailey bridge can be gained from the following 
example. During one of the many demonstrations 
given before workpeople employed in its production, 
a triple-single bridge, 110 ft. long, was erected in 
69 minutes, the time taken in unloading the various 
components from lorries being included in this figure. 
This result, however, was obtained while working under 








The bridges were also used extensively during the 


ideal conditions, free from enemy interference, condi- 
tions rarely, if ever, met in the field. Frequently, 
bridges had to be erected under concentrated fire and 
the casualties suffered by the crews were sometimes 
heavy. Things did not always go according to plan 
and the courage and resourcefulness of the Royal 
Engineers, whose job it was to erect these bridges, must 
_ contributed materially to the successful issue of 
the war. 





RE-OPENING OF HuDSON-Bay RovuTE.—It is stated in 
Modern Transport that the first transatlantic cargo to 
move via the Hudson Bay route since 1939 left the 
Northern Manitoba port of Churchill recently, when the 
7,000-ton cargo vessel Mount Revelstoke, carrying grain 
and timber, sailed for Great Britain. 





RoyAL INSTITUTION OF CHARTERED SURVEYORS.—The 
list of prizes awarded on the results of the 1946 profes- 
sional examinations of the Royal Institution of Chartered 
Surveyors has now been published. Mr. C. A. Lock, of 
Chelmsford, has been awarded the Driver Prize and the 
Wainwright Prize; Mr. R. Duncombe, of Rotherham, 
the Galsworthy Prize ; Mr. B. F. Jepson, of Birmingham, 
the Institution Prize and the Quantities Prize; Mr. E. 
White, of New Barking, Essex, the Crawter Prize ; Mr. 
K. L. Davies, of Derby, the Constructive and Working 
Drawings Prize; Mr. P. A. Innes, of Aberdeen, the 
Mellersh Prize ; Mr. H. S. Dyer, of Seaford, Sussex, the 
Beadel Prize ; Mr. P. D. McCarthy, of Thornton Heath, 
Surrey, a special prize; Mr. J. Coyne of Glasgow, the 
John Gilchrist Prize ; Mr. G. P. Duncan, of Edinburgh, 
the R. Irwin Barr Prize; Mr. J. C. Bassett, of Cuffley, 
Herts., the Hyman Marks Prize ; and Mr. N. A. Dewey, 
of Southampton, the Julian Rogers Prize. 
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ANGLE-SETTING PLATE AND 
ANGLE COLLET FIXTURE. 


THE angle plate shown in Fig. 1, above, has been 
developed by Messrs. W. H. Marley and Company, 
Limited, 105, High-road, London, N.11, for the usual 
purposes for which precise setting angles is required, 
the angle being read directly from a graduated dial 
and not by reference to a table of sines. For the 
close determination of the angle smooth tilting in 
small steps is necessary, and in order to provide this 
precise control, the tilting is effected by means of a 
worm and wheel, the worm spindle having a micrometer 


sleeve and the worm wheel a dial graduated to the same | workpiece formed to a taper, etc. 
unit, namely, 5 minutes of arc. Both the sleeve and | mounted on a strong base of close 


dial can be seen in the illustration. The table will 
tilt through 90 deg. from the horizontal in the direction 
shown, that is, dipping towards the right, and to an 
angle of 30 deg. from the horizontal in the other 
direction. The graduations of the dial have a zero 
mark indicating parallelism of the table with the base, 
the accuracy being to within 0-001 in. The 90-deg. 
position, apart from the dial indication, is determined 
by a stop which is set and locked before the table 
leaves the manufacturers’ works. A _hardened-steel 
insert on the underside of the table makes contact with 
the stop. The construction of the table may be fol- 
lowed from the illustration. The work surface, which 
has two T-slots, is 10 in. by 8 in., and the base is 
10 in. by 7% in. Both are stiff Meehanite castings, 
with well-ribbed lugs for the hinge or pivot, which 
consists of a steel trunnion 2 in. in diameter in each, 
through the centre is a hexagon-headed locking bolt. 
The locking arrangements differ in the two brackets. 
The bearing faces, in both cases, are hand scraped, and 
in the bracket on the side remote from the dial, are 
pulled together by the circular nut seen on the inside 
of the bracket. The nut on the locking bolt on the dial 
side is, however, recessed to cover the flanged end of the 
trunnion, to which the worm wheel is attached by a 
feather key. The worm wheel is formed at the back 
with a cone which is seated in a conical bearing in the 
base bracket. A collar screwed on the trunnion, and 
locked by a grub screw, enables the bearing pressure 
to be adjusted so that there is no play in the axial 
direction, the key offering no resistance to this adjust- 
ment. The operating worm is of hardened steel and 
runs in an oil bath; the adjustment of the conical 
bearing does not affect the meshing of the worm and 
wheel. The trunnion is also keyed to the table bracket. 
The knurled knob seen on a collar on the handwheel 
spindle is for engaging or disengaging the handwheel 
and the worm, so that the microméter sleeve may be set 
in exact accordance with the zero of the worm-wheel 
dial should backlash develop. The dial is 5} in. 
in diameter and, as already stated, is graduated in 
5-minute intervals.. The micrometer sleeve has four 
main divisions, each sub-divided into 12 graduations. 
Each main division reads to 1 deg., so that a quarter- 


turn of the handwheel tilts the table through this | 
Inter- | 
mediate angles can be estimated from this scale. | 
The locking of the table does not upset the angular | 


angle and the sub-divisions read 5 minutes. 


setting nor cause distortion, since the mating faces of 








SMALL ROTARY TRANSFORMERS 
FOR AIRCRAFT. 

In September, 1939, the English Electric Company, 

Limited, Queens House, Kingsway, London, W.C.2, were 


the table and base are accurately finished. These faces | approached by the Air Ministry with a view to under- 


are lubricated through Tecalemit nipples. 
of the table, when in the horizontal position, is 8 in., 
and the weight is 75 lb. 





collet fixture for use with cylindrical work which is to 


The height | taking the large scale production of the 20-watt rotary 
| transformer which they had begun to manufacture on 
| a small scale some 12 months earlier. 
The device shown in Fig. 2 is the “‘ Marlco” angle | 


These machines 
were of the single-armature two-commutator type, on 
which alternative windings were provided for direct- 


| be drilled transversely with holes at specified angles to | current input voltages of 11 or 18 volts with a direct- 


| 





one another, flats cut at different angles, or the ends of a | 
The collet itself is 


current output of 40 mA at 480 volts. As they were 
intended primarily for use on aircraft, light weight and 


-grained cast iron | compact dimensions were essential] in their design. 
with flanges at right angles, so that it can be attached | 
to the graduated base plate with its axis either hori-| in light-weight aluminium alloys. 
zontal or vertical, as required. Further flexibility is | 
| obtained by the provision of a right angle bracket, to| the coil being in five sections, each of which had 74 


The majority of the components were therefore diecast 
The high-tension 
winding consisted of No. 43 S.W.G. (0-0036 in.) wire, 


which the base is attached and which itself is secured turns. ,It was necessary to exercise considerable care 


to the machine table. 


The right-angle surfaces are | in carrying out the winding, since it was found that if 


finished to be accurate to within one minute of arc. | the coil were even a single turn out, either the ripple was 


The base graduations are full circles, each degree of arc 


having ten subdivisions, so that the positive reading is 
in steps of six minutes, while intermediate angles can be | 
estimated with fair accuracy. Two index points are | 
provided for setting, one of which is visible in the | 
top left-hand corner of Fig. 2. One of the points | 
reads on the graduated circle, and the other on a 
smaller undivided engraved circle, the circumference of 
which can be marked off as required for commonly-used 
angles in production work. The device is made in| 
two sizes, of which the larger is shown in Fig. 2, and | 
which will take collet jaws in any size from } in. to 
1? in. The smaller pattern will accommodate jaws 
from tin. to ?in. Both patterns have a hole through 
the base, of a diameter equal to the largest size bar that 
can be handled in the collet to allow long bars to be 
dealt with. The larger pattern measures 10} in. by 
7% in. over the base, is 7 in. high and weighs 34 lb. 
The corresponding measurements of the smaller pattern 
are 9} in. by 6} in. by 5} in., and the weight is 17} Ib. 





WAR-TIME ACTIVITIES OF MESSRS. ROBEY AND Co., 
Lrp.—Messrs. Robey and Company, Limited, Globe 
Works, Lincoln, have issued a handsomely-produced 
booklet recording their war-time activities. The normal 
work of the firm in manufacturing steam engines was 
amplified, one of the illustrations, for example, showing 
3,500 indicated horse-power four-cylinder marine engines 
for corvettes and frigates, but a large part of the total 
output seems to have taken the form of a variety of guns 
and mountings, for naval service, tanks, etc., as well as 
the production of mines and depth charges and their 
release gear. The return to peace-time conditions is 
indicated by a description of other products of the firm, 
namely, colliery plant, oil engines, boilers, fibre mach- 





inery, stone crushers, and road plant. 


excessive or the range of output volts, which had to 
be controlled within narrow limits, was exceeded. 
Although the majority of smal] rotary transformers 
were originally of the permanent-magnet type, wound 
fields were adopted on these machines, as it was found 
that an increased air gap density was thereby made 
available with reduced armature loading and thus high 
efficiency. 

The IL.F.F. (Identification Friend or Foe) unit, which 
was operated by these 20-watt machines, is a compact 
transmitter/receiver which is installed on aircraft and 
is employed to reply to the interrogation of a friendly 
radio-location station by automatically responding to 
small transmitted signals, and returning a stronger 
coded signal at the same frequency. In addition, an 
aircraft fitted with I.F.F. equipment can act as a beacon 
control for other aircraft, or can transmit distress signals. 

We understand that during the war years, the English 
Eléctric Company manufactured well over 100,000 of 
these rotary transformers. They were also responsible 
for passing on all the drawings and design information 
to three ‘‘ daughter” firms, so that these firms could 
produce the machines at the same time. 





LARGE DIESEL ENGINES.—Messrs. The English Electric 
Company, Limited, Willans Works, Rugby, have recently 
replaced that part of their Publication R.41.C relating 
to the firm’s K-type engines by a new booklet, Publica- 
tion DE/106, dealing exclusively with that engine. The 
booklet, which is very clearly illustrated by half-tone 
views of details and sectional drawings, gives full par- 
ticulars, ratings, and specifications of the different 
cylinder arrangements, and the horse power developed 
when running at 600 and 750 r.p.m. with natural 
aspiration and at the same speeds with turbo-pressure 
charging. 


Serr. 13, 1946. 
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STEEL SILOS FOR GRAIN. 

A GRAIN silo built up of steel pletes is not only strong 
and capable of being rapidly erected but it holds a 
maximum volume of grain for a given area of ground 
covered. The steel plates for a silo are fabricated 
at the works and conveyed to the site where they may 
be speedily assembled, the labour required for the 
purpose being usually small. Some interesting parti- 
culars regarding steel-silo installations are contained 
in a publication entitled “Les Silos en Acier pour 
Céréales,” by Mr. P. Peissi, director of the Office 
Technique pour L’Utilisation de l’Acier, and issued by 
l'Institut Technique du Batiment et des Travaux 
Publics, 12, Rue Brancion, Paris (l5e.). Speaking 
of the strength of steel silos, the author states that a 
structure of this type, of 700 metric tons capacity, 
erected near Brussels on relatively soft ground, sank 
to a depth of 50 cm. (nearly 20 in.) without suffering 
any damage. With reference to the speed of erection, 
he instances a steel silo of 500 tons capacity which 
was constructed at Barre-en-Ouche, in i Digexicmnent 
de l’Eure, in the space of a fortnight, in spite of pre- 
vailing rainy weather. 

The capacity of a steel silo may vary from 20 tons 
up to 20,000 tons, the latter figure being the total 
capacity of a battery of silos recently constructed by a 
French firm at Meknés, Morocco, but whatever its 
size, the principle of the construction of a silo is the 
same. It is built up of steel plates cut to standard 
lengths and widths and bent into the form of an arc 
of a circle. ‘These are assembled to form a cylinder by 
bolting, riveting or welding them together, but of 
late years welding has become the usual method of 
assembly. The largest silo so far constructed has a 
diameter of 6-5 m. (21 ft. 4 in.) and the height, which 
is governed by the resistance to crushing of the grain 
stored, may range from 12 m. (39 ft.), up to a maximum 
of 15 m. (49 ft.). The thickness of the plates used 
tapers off from the base to the top of the structure, 
but plates having a thickness of at least 3 mm. (0-12 in.) 
are usually employed. The outer surfaces of the silo 
have to be protected by painting but experience 
acquired during the past 40 years has shown that the 
inner surfaces need no protection ; they are/subjected 
to a form of lubrication resulting from contact with the 
grain and this is sufficient to prevent corrosion entirely. 
Satisfactory paints for the external surfaces may con- 
sist of red lead or metallic aluminium and a good drying 
oil or coal-tar pitch. 

The observation has sometimes been made that steel 
plates are not suitable for the construction of a silo 
as they are heat conducting and could thus bring about 
variations of temperature and therefore condensation 
in the interior of the grain stored. The answer to 
this is that, whatever the nature of the wall of the con- 
tainer, grain is a bad conductor and this effectively 
prevents the rapid transmission of heat into the interior 
of the mass. Consequently, condensation does not 
occur. What is, of course, of vital importance in a silo 
is that its walls should be absolutely watertight, as what 
causes grain rot is the penetration into the structure 
of moisture from outside. Steel is, therefore, an 
obvious material for the construction of a silo, as it is 
impervious to moisture. An interesting experiment 
on the long-term preservation of cereals in a confined 
atmosphere has been made by Mr. A. Blanc, and com- 
municated by him to the Académie d’Agriculture de 
France. For the purpose of the tests, a steel silo of 
20 tons capacity was erected at the Chesnoy School, 
near Montargis. This was filled with wheat and hermeti- 
cally closed for 13 months—from October, 1936, until 
November, 1937. Thermoelectric instruments for 
the continuous recording of the temperature were 
fitted at five concentric points in the depths of the 
stored grain. A sixth temperature-recorder was fitted 
close to the external wall of the silo. The results 
obtained indicated that, at a point in the silo situ- 
ated only 7 cm. (2? in.), from the inner periphery, 
the only temperature variations recorded were due to 
seasonal changes. The wheat placed in the silo in the 
autumn, when the atmospheric temperature was 12 deg. 
C., cooled down slowly to a temperature of 5 deg. C. 
in the subsequent winter and was gradually and 
progressively warmed up again with the coming of 
spring and summer. The maximum interior tempera- 
ture never exceeded 27 deg. C., in September, 1937, 
and this gradually fell to 14 deg. C., in November, 1937. 
On the other hand, the daily variations in temperature 
recorded at the outer wall of the silo were considerable. 
This was exposed to the sun’s rays and reached a 
temperature as high as 56 deg. C. A point of interest is 
that the exterior of the silo had been painted red so 
as to render the surface as heat-absorbent as possible. 
When the silo was opened after 13 months, the contents 
are stated to have been perfectly preserved and quite 
unchanged. This was the more remarkable because the 
wheat used for the test was damaged and definitely 
of inferior quality and’ had been purposely chosen 
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ROLLS-ROYCE GAS TURBINE 
DEVELOPMENT. 
(Concluded from page 226.) 

Tue Nene is a pure jet-propulsion engine, with a 
single-stage double-entry centrifugal compressor deli- 
vering air into nine straight-flow combustion ehambers. 
The products of combustion are exhausted rearwards 
and drive a single-stage axial-flow turbine; they are 
then ejected through the jet pipe, the reaction to the 
gases discharged producing the thrust on the aircraft. 
The engine is throttled by regulating the supply of fuel 
to the combustion chambers. A starboard view of a 
Nene engine is reproduced in Fig. 13, on page 248. As 
the thrust which a jet engine can develop is determined 
by the amount of air which it consumes, the aim of 
Rolls-Royce designers from the first has been to pro- 
duce an engine of maximum air consumption in terms 
of frontal area. This end dictates the use of a double- 
sided impeller. To obtain maximum air consumption, 
the central intake to the impeller must be as large as 
possible, and it is clear that a double-sided impeller, 
with two intakes, can handle twice the quantity of air 
of a single-sided impeller. This statement naturally 
implies uniform impeller diameter ; a single impeller 
can handle as much air as a double-sided one if it is 
made large enough, but the diameter of the engine is 
directly determined by the impeller diameter, and a 
double-sided impeller permits the construction of an 
engine 40 per cent. smaller in diameter than a corre- 
sponding single impeller engine. The impeller of the 
Nene engine is shown in Fig. 11, on page 248. 

he use of a double-sided impeller necessarily 
involves the provision of a passage round the blower 
casing through which the air from the front face of 
the impeller can reach the turbine. This space, how- 
ever, does not require to be large and in the Nene 
engine is responsible for less than 2 in, of the overall 
diameter. It does not seriously affect the claim that 
a double-sided impeller permits a considerably smaller 
engine to be produced for a given thrust and conse- 
quently a considerably lighter engine, weight for any 
design varying roughly as the cube of the linear dimen- 
sions. It is claimed by Messrs. Rolls-Royce that the 
double-sided impeller also leads to a balanced turbine. 
The object in any aero-engine design is to utilise all 
materials at the highest permissible stress consistent 
with mechanical reliability. As with a double-sided 
impeller twice as much air has to pass through the tur- 
bine blades, it is necessary that they should be longer, 
and the turbine dise correspondingly smaller. This 
is stated to lead to the stresses in the discs and blades 
tending to be equal, whereas with a single-sided 
impeller the stresses in the discs are high and in the 
blades low. There is another consideration in con- 
nection with this matter which would appear to favour 
a single-sided impeller. The double-sided impeller is 
self-balancing for end thrust, but the turbine wheel 
is not. A single-sided impeller can be arranged to 
balance the turbine thrust, but the same effect cannot 
be obtained with the double-sided impeller. The Rolls- 
Royce contention is that this point is not of prac- 
tical importance, as the end thrust of the turbine is 
only a matter of a few hundred pounds and can be taken 
comfortably on a ball bearing. 

The turbine wheel, which is illustrated in Fig. 12, 
on page 248, consists of a solid-steel disc carrying 
54 Nymonic 80 steel blades. The roots of these are 
broached to form tapered serrations which mate with 
the similar serrations on the periphery of the disc. 
This method of attachment permits of both axial and 
circumferential movement. At the centre of the disc, 
there is an integral flange serrated at its circumference, 
corresponding serrations being formed on the turbine- 
shaft flange. The turbine wheel and the flange spigot 
together, and are secured by through bolts, the object 
of the serrations being to relieve shear stress on the 
bolts at the higher engine speeds. The rotor assembly, 
consisting of the impeller, the turbine wheel and their 
carrying shafts, is supported in three bearings, the 
end bearings being of the roller type, while the centre 
one is a deep-grooved ball bearing, which takes the 
shaft thrust. Alongside the centre bearing, there is a 
spherical coupling which connects to the impeller 
shaft ; it can be seen in Fig. 12. The axial thrust is 
forwards up to approximately 8,000 r.p.m., and 
rearwards above that figure. The impeller has 29 
vanes per side, with separate forged aluminium rotating 
guide vanes machined all over. Each component of 
the rotor assembly is checked individually for align- 
ment and balance, the completed assembly then being 
finally aligned and dynamically balanced. 

Mounted on the shaft between the impeller and the 
central bearing, there is a fan, which is shown in 
position in Fig. 11. This directs cooling air on to and 
under the centre and rear bearings and on to the 
face of the turbine disc. The arrangement of the rear 
bearing and the method of cooling it will be understood 
from Figs. 14 and 15, on page 248. The inner race 





because it was considered likely to suffer change on 
storage. 


of the roller bearing is formed by a sleeve a, which 
has a flange at its rear cnd nesting against the shaft 








flange and secured by the through bolts b, which pass 
through the turbine-disc flange. The sleeve is larger 
in internal diameter than the outside diameter of the 
shaft and at its forward end it is carried by a ring 
integral with the shaft and of larger diameter. This 
is formed with 24 slots as shown at c, so that air passages 
to the interior of the sleeve are produced. On the 
face of the sleeve flange, there are 16 grooves, shown 
at d, through which the air passes outwards over the 
face of the turbine disc. The path of the air is indi- 
cated by arrows in the figures. The components shown 
at e are balancing plugs, which are fitted as required. 

The nine combustion chambers, of the straight-flow 
type, are spaced equally round the engine. At the 
front ends, they are connected by angle boxes to the 
outlets from the compressor, as shown in Fig. 13. 
These outlets are cast integral with the compressor 
diffuser casing, which is illustrated in Fig. 21, on 
page 252. Each outlet has two cast diffuser vanes. 
At their rear ends, the combustion chambers converge 
into the discharge nozzle, being connected to the 
discharge-nozzle box which is shown in Fig. 22, on 
page 252. This illustration also shows the guide-vane 
assembly and the cooling-air manifold. An assembled 
combustion chamber and its componeht parts are shown 
in Fig. 16, on page 249. The arr: ent consists of 
an outer casting, a perforated flame tube, and a duplex 
burner. The flame tube is located concentrically in the 
casing and the burner discharges into the flame tube. 
The chambers fit freely into the discharge-nozzle box, 
a slight taper in the seatings ensuring a gas-tight joint 
when the engine warms up. 

Owing to the large cross-section of the combustion 
chambers, the igniter plug is well clear of the fuel 
spray when starting up, and, with the normal arrange- 
ment of spark-plug ignition, difficulty might be exper- 
ienced in starting. The possibility of trouble, however, 
is eliminated by means of a flame igniter, which is 
illustrated in Fig. 17, on page 249. This consists of a 
small atomiser with an associated ignition plug, the 
atomiser being on the left-hand side of the figure and 
the plug on the right. As shown, the arrangement is 
mounted on one of the combustion chamber outer 
casings. The atomiser is supplied with fuel from the 
low-pressure side of the fuel system through the con- 
nection a, control being exercised by the solenoid- 
operated valve 6. The arrangement shown at c is a 
wire-wound filter. The solenoid is supplied with current 
from the low-tension side of the ignition system. On 
starting-up, the solenoid is energised at the same time 
as the igniter plug ; fuel passes to the atomiser and is 
discharged in the form of an easily-ignitable spray 
which is at once fired by the sparking plug, and the 
flame thus produced ignites the spray from the pilot 
atomiser of the duplex burner through which the fuel 
passes when the machine is running. This lighting-up 
system is applied only to one combustion chamber, or 
possibly two ; with the main burner of any chamber in 
operation, flame for lighting up the other chambers at 
once spreads through the interconnecting pipes. An 
automatic time control is fitted in connection with this 
ignition system ; when it operates fuel is cut-off from 
the igniter plug by the helical spring which can be seen 
in Fig. 17. 

In the main fuel system, fuel is fed from the aircraft 
tank, through a low-pressure cock, to a filter mounted 
under the wheelcase. This assembly can be seen at 
the right-hand end of the engine in Fig. 13, and is shown 
separately in Figs. 18 and 19, on page 249, the former 
being a front view and the latter a rear view. From 
the filter, fuel passes to the twin pumps on the starboard 
side of the wheelcase. These can be seen in Figs. 18 
and19. The pumps are of the oscillating multi-plunger 
type, the plunger stroke being controlled by a swash- 
plate, the angle of which is determined by a spring- 
loaded servo-piston. An overspeed governor is incor- 
porated in each pump; this acts on the servo-mechan- 
ism to limit the pump delivery and keep down the 
revolutions per minute to a safe maximum. Normally, 
only the lower pump governor is used ; it is set so that 
the delivery from the lower pump is equivalent to 
engine revolutions 150 r.p.m. in excess of that given by 
the upper pump. As the engine requires less fuel to 
maintain a given r.p.m. when at high altitudes, arrange- 
ments are provided to restrict the pump output auto- 
matically, in order to relieve the pilot from the necessity 
of frequent throttle re-adjustment. The barometric 
pressure-control arrangement consists of an altitude- 
sensitive unit which acts on the servo-mechanism of the 
lower, high-pressure, pump and varies the delivery in 
terms of barometric pressure. 

The combined outlet from the two pumps passes to 
a throttle valve and thence, through a high-pressure 
shut-off cock, to the pressurising valve. At the lower 
speed ranges of the engine, this valve is not in operation 
and the fuel passes directly to the pilot atomisers of the 
nozzles. A cross-section of a nozzle is shown in Fig. 20, 
on © 249, the upper passage a being the connection 
to the pilot atomiser, which gives good fuel atomisation 
at the lower flows associated with the slower speeds. 
With increasing pump pressure, which follows an 
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increase in engine speed, the pressurising valve opens , 
and fuel passes to the main atomiser through the pas- 
sage bin Fig. 20. This atomiser is designed to give good | 
atomisation at the higher pump delivery figures asso- | 
ciated with the upper range of engine speeds. The, 
pressurising valve embodies a spring-controlled piston 
subjected to the fuel pressure. As this pressure rises, 
the piston is displaced and admits pressure to the 
control diaphragm of a needle valve, which accordingly | 
opens the passage leading to the main atomisers of | 
the fuel nozzles. The throttle valve is set to pass a| 
sufficient quantity of fuel for idling purposes when it is | 


in the closed position ; accordingly, the high-pressure | 7 


cock is used to stop the engine. When it is closed, a | 
drain passage is opened allowing the burner manifolds 
to drain back to the pump inlets. A drilling in the 

igh-pressure cock allows fuel to pass from the pressure 
line back to the high-pressure fuel pump inlet, in order | 
to establish an idling circuit during the engine run-down | 


Fig 15. 
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sump. This is a departure from previous Rolls-Royce 
practice, which has been to use a dry sump with a 
| separate oil tank. The main bulk of the oil is contained 
in a sump formed in the lower part of the wheelcase. 
The sump houses the pressure and scavenge oil pumps, 
| two gauze scavenge-oil filters, a Purolater high-pressure 
| filter, a pressure-relief valve, and a de-aerator. The 
pressure pumps draw oil from the sump through a 
strainer and deliver it through the high-pressure filter. 
Oil passes to the wheelcase to feed the bearings of 
the rotor shaft, and oil jets are arranged at critical 
points to operate in conjunction with restrictors and 
| supply a controlled quantity of oil to the bearings. 
|This method of control has been very successful, the 


and prevent undue pressure build-up in the fuel line. of the aircraft. In the centre of the exhaust cone, | oil consumption of the engine being less than one pint 
The exhaust assembly at the rear of the engine| there is a conical fairing with its base masking the| per hour at all ratings. Scavenge oil from the front 


consists of the exhaust cone, jet pipe ard nozzle. 
These parts are mainly double-walled with the space 
between the walls packed with heat-insulating ma- 
terial. The exhaust cone is the length of pipe imme- 
diately behind the turbine and is of fixed length. The 
outside of the cone can be seen in Fig. 13, and an 
interior view showing the turbine wheel is given in 
Fig. 23, on page 252. The jet pipe, which extends 
from the exhaust cone to the propelling nozzle, varies 
in length according to the installation requirements 








ments can be seen in Fig. 23. 

The drive for the wheelcase, which is shown in 
Figs. 18 and 19, is taken from the forward impeller; The main dimensions of the Nene engine are: maxi- 
The case houses the drives for the aircraft 
accessory gearbox, the tachometer generator, and the 
The starting motor is mounted on 
the port side of the wheelcase, and can be seen in these | the installation. The weight, including its auxiliaries, 
illustrations. Lubrication of the Nene engine is by wet | but excluding aircraft accessories and the jet pipe, is 


twin fuel pum 


turbine disc and supported by four long transverse | bearing and wheelcase drains freely to the sump, 
bolts covered by streamline fairings. 


These arrange- | while that from the rear bearing passes to the centre- 


| bearing housing and then from both bearings to the 
| sump by way of the sump base and the gauze strainers. 


mum diameter 49-5 in. ; overall length, to exhaust-cone 
flange, 96-8 in. ; and length with exhaust cone removed, 
63-9 in. The length of the jet pipe is determined by 














rs | 








46. 


yce 


id 





SE 


PT. 13, 1946. 





THE 


“NENE” 


ENGINEERING. 


249 








GAS TURBINE FOR 


MESSRS. ROLLS-ROYCE 











Fig.17. 








Fic. 16. 


(6830s) 





AIRCRAFT. 


LIMITED, DERBY. 




















sf 


—~ fee ——> 
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1,550, Ib. to 1,600 lb. The compression ratio of the 
centrifugal compressor is 4 to 1; the mean blade 
speed of the turbine is 1,070 ft. per second; the 
maximum combustion temperature is 1,100 deg. C., 
absolute; the turbine-wheel temperature is 800 deg. 
C.; and the jet-pipe temperature, 700 deg. C. At 
take-off at sea level for maximum rate of climb with 
the engine running at 12,300 r.p.m., the initial thrust 
is 5,000 Ib. ; at an aeroplane speed of 200 m.p.h., this 
falls to 4,620 Ib. ; at 400 m.p.h. it is 4,390 Ib.; and at 
600 m.p.h., 4,450 Ib. For cruising, with an engine 
speed of 11,500 r.p.m., at 100 m.p.h., the thrust is 
3,620 Ib. ; at 300 m.p.h., 3,220 Ib. ; and at 500 m.p.h., 
3,070 Ib. The fuel used is aviation kerosene plus 1 per 
cent. of oil. 

Although production engines are rated at 5,000 lb. 
thrust, it is expected that futvre developments will 
considerably increase this figure. The highest thrust 
so far recorded on the test bed is 5,500 Ib. and the 
average in the course of the development work was 
5,150 Ib. Test-bed results have shown a compressor 
efficiency of 76 per cent.; a combustion efficiency of 
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98 per cent.; and an expansion efficiency of 93 per 
cent. Heating the air as a result of com ion causes 
a temperature rise of 200 deg. C. before the air is 
discharged to the combustion chamber, where the 
combustion process raises the temperature to 1,150 deg. 
C. absolute. As the temperature drop at the turbine is 
a deg. C., the temperature at the jet pipe is 702 
eg. C. 

In concluding this account of Rolls-Royce gas- 
turbine development, brief reference may be made to 
the Trent engine, which was the first gas turbine fitted 





19. Back OF WHEELCASE. 


with an airscrew to fly. As long ago as May, 1944, 
a Derwent engine was fitted with an airscrew and 
tested for shaft horse-power. Later, in March, 1945, 
it was hangar tested complete with the airscrew, and 
in September, 1945, was undergoing flight trials 
installed in a Gloster Meteor. Views of the engine on 
hangar test and of the Gloster Meteor machine are 
reproduced in Figs. 24 and 25, respectively on page 252. 
The Trent, which is still in the development ry and 
must be looked upon as an experimental model, follows 
the general design of the Derwent, with the addition 
of the reduction gear through which the airscrew is 
driven. 





SALE oF SURPLUS MACHINE Toots.—An “ on-site” 
sale of 300 machine tools will be held at the K.L.G. Plug 
Factory, Bridgend Trading Estate, South Wales, from 
September 18 to 24. Any machines not disposed of 
during the sale will be on view at the factory from Sep- 
tember 25 to October 1, between 10 a.m. and 4 p.m., 
except Saturdays and Sundays, for competitive tendering. 
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INSTITUTION ELECTIONS. 


INSTITUTION OF MECHANICAL ENGINEERS. 


Associate to Associate Member.—Major Angus 
Anderson, R.E., B.Sc. (Glas.), Edinburgh; George 
William Philip Cook, Surbiton; Eric Joseph Hand, 
Birmingham ; John Wilmott Marshall, B.A. (Cantab.), 
London ; Thomas Herbert Henry Pike, Glossop. 


Graduate to Associate Member.—Bernard William 
Anwell, B.Sc. (Eng.) (Lond.), Brighton ; Lieut. Sidney 
Charles Bacon, B.Sc. (Eng.) (Lond.), R.E.M.E., 
London ; Alan William Baker, B.A. (Cantab.), London ; 
Herbert Douglas Barlow, Hayes ; Lieut. (E.) Donald 
Campbell, B.Sc. (Glas.), R.N., Barry ; Robindra Nath 
Chaudharie, Madras ; Lieut.-Col. Gordon Harold John 
Claisse, B.Sc. (Eng.) (Lond.), R.E.M.E., B.A.O.R. ; 
Captain William Charles Dalrymple, R.E.M.E., Glas- 
gow ; Major Archibald Dangerfield, R.E.M.E., M.E.F. ; 
Walter George Fletcher, M.Eng. (L’pool), Farnham ; 
William Henry Gapp, Wolverhampton; Ronald 
Goodlad, London; Lieut.-Comdr. (E.) Henry James 
Grout, B.Sc. (Eng.) (Lond.), R.N., Ontario, Canada ; 
Robert Hugh Hall, Billingham; James Hannah, 
Runcorn; Leslie Humphries, London; Thomas 
Gimson Husbands, B.A..(Cantab.), Leicester; Captain 
Fred Huyton, R.E.M.E., C.M.F.; Captain Gerard 
Peter Jarvis, R.E.M.E., India Command; Stanley 
Harold Edwin Kewney, North Shields; Leonard 
Archibald Lawrence, London ; Ronald William Lenton, 
Leicester; Robert Carmichael Stuart Low, M.C., 
B.A. (Oxon.), Derby ; Archibald McAlpine, Glasgow ; 
Peter Joseph McCloskey, Warrington; Edward 
Marsland, Brighouse ; Jacques Gabriel Martin, Monaco ; 
Lieut. (E.) Nigel David Morgan, M.A. (Cantab.), R.N., 
Devonport; Frank Neale, Birmingham; James 
Nicholls, Manchester; Roy Michael Palmer, B.A. 
(Oxon.), Manchester ; Thomas Robinson Wilkie Pyper, 
B.Sc. (Eng.) (Lond.), Slough, Bucks; Eric Bertram 
Richardson, B.Mech.E. (Melbourne), Victoria, Australia; 
Fred Lees Robinson, Manchester; Henry Ernest 
Rowland-Jones, Birmingham; Ernest Watkinson 
Snell, Chelmsford, Essex; Basil Edward Terry, 
London; Arthur Thomas, Bradford ; Major William 
Haydn Thomas, R.E.M.E., M.E.F.; Lieut. Albert 
Runcorn Trott, R.E.M.E., C.M.F. ; Reuel Duncan Van 
Millingen, B.Sc. (Edin.), Leicester; Oscar Ernest 
Warburton, Worki m, Cumberland ; Eric Meredith 
Williams, B.Sc. (Wales), Newcastle-upon-Tyne ; Gordon 
Henry Williams, B.Sc. (Bristol), Gloucester. 





ACID-RESISTING CEMENT.—A leaflet has been received 
from Messrs. J. H. Sankey and Son, Limited, Ilford, 
giving full particulars of the firm’s acid-resisting cement 
forindustrial use. It is stated that the cement will resist 
the action of all acids or acid fumes, with the exception 
of hydrofluoric acid ; will set in 12 hours to a hardness 
similar to that of porcelain ; will withstand temperatures 
up to 1,200 deg. C. ; and can be stored for any length of 
time without deterioration. 





LOCOMOTIVE-NAMING CEREMONY AT EvustTon.—The 
LM.S. locomotive No. 5633, of the “‘ Jubilee ” class, which 
was formally named ‘‘ Aden ” on September 4, 1946, was 
painted in the new livery which the company have 
recently adopted for their principal express passenger 
locomotives, namely, black, with maroon edging to the 
cab, running angle, tender, etc., and maroon and straw- 
coloured lining. Sir Robert Burrows, Chairman of the 
L.M.S. Railway, presided, and Lt.-Col. Sir Bernard 
Reilly, K.C.M.G., C.I.E., O.B.E., the first Governor of 
Aden, performed the naming ceremony. 





THE REFINING OF Brass; Scrap.—The Ministry of 
Supply have entered into arrangements with copper 
refineries in the United States and Canada whereby the 
Ministry will ship for treatment, during the next 15 
months, about 148,500 tons of brass scrap and the 
refineries will return the copper content as electrolytic 
copper. The brass scrap is mainly 70 : 30 “‘ ammunition ” 
scrap and ingots cast from this material. The Ministry 
expect that about 100,000 tons of copper will be returned 
to this country. The bulk of the contracts have been 
placed with refineries in the United States. 





POLYVINYL-CHLORIDE INSULATED WIRES.—A leaflet, 
issued by Standard Telephones and Cables, Limited 
(Rubber and Plastic Cable Division) Corporation Road, 
Newport, Mon., contains information regarding the 
polyvinyl-chloride insulated wires which they are manu- 
facturing for the internal wiring of radio, telephone 
and other electrical equipment. As is well known, 
polyvinyl chloride is a synthetic compound, the principal 
characteristics of which are a high degree of resistance to 
acids, alkalis, oils and solvents, as well as to ultra-violet 
radiation and sunlight. Its insulation resistance is 
sufficiently high for normal purposes and it is but little 
affected by varying conditions of humidity. The wires 
available range in overall diameter from 0-044 in. to 
0-096 in., and three thicknesses of insulation, 10, 20 and 
30 mil radius, are provided for each conductor size. 


BRITISH STANDARD 
SPECIFICATIONS. 

TxE following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 

Synthetic Resin (Aminoplastic) Moulding Materials.— 
For some years there has been a British Standard 
specification for synthetic-resin moulding powders 
of the phenol-formaldehyde type. A corresponding 
specification covering the aminoplastic (urea) synthetic- 
resin moulding materials and mouldings, B.S. No. 
1322-1946, has now been issued. This standardises 
the methods of test and provides the technical informa- 
tion necessary to frame purchasing specifications for 
aminoplastic materials, which, as is well known, are 
of particular value when light colours are required. 
Two types of commercial moulding material are classi- 
fied, according to their properties, in the specification. 
At a later date, it is anticipated that the specification 
will be broadened to include further types, based on 
chemically-similar aminoplastic resins, when sufficient 
data have been collected to enable them to be classified. 
The methods of test given in the present specification 
are based on experimental work carried out by the 
British Electrical and Allied Industries Research Associ- 
ation, the British Plastics Federation, the General 
Post Office, and other industrial and Government 
laboratories. [Price 2s., postage included.] 

Internal-Combustion Engines.—With the object of 
bringing specification B.S. No. 649-1935, for internal- 
combustion engines (excluding carburettor-type engines) 
into line with current commercial practice, an amend- 
ment has recently been issued. This revises clause 4, 
which covers rated output and speed, the basic tempera- 
ture for the rating of the engine now being raised from 
62 deg. to 85 deg. F. Figures are given for the reduc- 
tion of the rated output of the engine if the operating 
conditions depart from the standard conditions of 
barometric pressure and ambient (engine-room) tem- 
perature. A further deduction from the rated output 
of the engine is provided for where combinations of 
high atmospheric temperature and humidity occur. 
The tolerances on fuel consumption, as specified in 
clause 10 of the specification, have also been modified. 
Copies of the amendment slip (Reference P.D. 514) 
can be obtained gratis on application to the Institution, 
enclosing a stamped-addressed envelope. 

White Spirit—An amendment slip, under reference 
No. P.D. 474, has recently been issued to B.S. No. 
245-1936, covering white spirit. The slip states that 
the requirement limiting the residue after spontaneous 
evaporation has now been deleted. It also describes 
in detail an alternative method for the determination 
of volatility. This method is a rough approximation 
for use in routine testing and the data are intended for 
incorporation in appendix E of the specification. 
[Gratis on receipt of a stamped-addressed envelope.] 

Water Taps.—In addition to correcting one or two 
minor errors, a recently-published amendment slip 
(reference P.D. 524) to B.S. No. 1010-1944, covering 
water taps, adds two new clauses and a table to the 
specification. The clauses deal with ‘ anti-splash ” 
devices and with combined taps, while the table 
contains the dimensions of sink columns. A drawing 
of the latter is also included. [Gratis, enclosing stamped- 
addressed envelope.] 





BOOKS RECEIVED. 


Plane and Geodetic Surveying for Engineers. By the late 
PROFESSOR DavipD CLARK. Volume lI. Plane Survey- 
ing. Fourth edition revised and enlarged. By JAMES 
CLENDINNING. Constable and Company, Limited, 10, 
Orange-street, London, W.C.2. [Price 30s. net.] 

The British Electrical and Allied Industries Research 
Association. Technical Report K/T 117. Electricity 
Supply for Arc-Welding Plant. Critical Résumé. By 
R. NEUMANN. Offices of the Association, 15, Savoy- 
street, Strand, London, W.C.2. [Price 5s. 6d. net.) 

** Mechanical World ’’ Monographs. No. 25. Production 
Control in an Engineering Factory. By Dr. M. L. 
YATEs. Emmott and Company, Limited, 31, King- 
street West, Manchester 3. [Price 2s. net.] 

The British Colliery Owners Research Association. Report 
on the Work of the Mining Research Laboratory During 
the Two Years Ended March, 1945. Offices of the 
Association, 4, Albert Hall Mansions, South Kensing- 
ton, London, S.W.7. 

Longmoor Military Railway. Transportation Training 
Centre of the Corps of Royal Engineers. ‘‘ The Railway 
Gazette” Ofii es, 33, Tothill-street, Westminster, 
London, S.W.1. [Price 2s.] 

An Index of Mathematical Tables. By Dr. A. FLETCHER, 
Dr. J. C. P. MILLER and PrRoFEssor L. ROSENHEAD. 
Scientific Computing Service Limited, 23, Bedford- 








square, London, W.C.1. [Price 75s.] 
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PERSONAL. 


Mr. R. D. DuNcAN, Commodore Chief Engineer of the 
Peninsular and Oriental Steam Navigation Company’s 
Fleet, a title which he was the first to receive in April, 
1946, has retired after 44 years’ service with the company, 
The new Commodore Chief Engineer is Mr. C. Mazey, 
now serving in the 8.S. Corfu. 

Sirk FREDERICK E. REBBECK, D.L., J.P., M.I.Mech.§,, 
M.1.Mar.E., has been awarded the honorary degrce of 
D.Sc. by Queen’s University, Belfast. 

Dr. EDWIN GREGORY, M.Sc., F.R.I.C., chief metal- 
lurgist, and BRIGADIER ARTHUR LEVESLEY, O.B.E., M.C., 
T.D., M.I.Mech.E., foundry manager, have been elected 
directors of Messrs. Edgar Allen and Company, Limited, 
Imperial Steel Works, Sheffield, 9. Mr. H. Gray, chief 
draughtsman of the engineering department of the com- 
pany, retired on August 31 and has been succeeded by 
Mr. A. WADSWORTH, of the British ‘‘ Rema ” Manufac- 
turing Company, Limited, a subsidiary of Messrs.Edgar 
Allen. 

Mr. C. C. HALL and Mr. A. E. THORNTON have been 
elected special directors of Messrs. Firth-Vickers Stainless 
Steels, Limited, Sheffield. 

Mr. J. J. Hickey, B.A.Sc., a Canadian engineer from 
the Goodyear Company’s parent factory at Akron, Ohio, 
U.S.A., has been appointed manager, mechanical goods 
design, Goodyear Tyre and Rubber Company (Great 
Britain), Limited, Wolverhampton. 

Mr. A. C. BUTCHER, M.I.A.E., M.I.Mar.E., who has 
been surveyor of machinery to the Royal National Life- 
Boat Institution for 21 years, has been promoted to the 
position of superintendent engineer to the Institution. 

At the meeting held at the Institution of Mechanical 
Engineers on Friday last, Mr. W. L. Batt, vice-president 
of the War Production Board of the United States, was 
made an honorary member of the Institution. In the 
course of the meeting Mr. Batt made a statement on the 
progress, in the United States, of work towards the 
unification of screw-thread practice, which is referred to 
elsewhere in this issue. 

Mr. J. CLIFFORD Woop, commercial manager of 
Messrs. John Fowler and Company (Leeds), Limited, 
Leeds, who has been with the company for 44 years, has 
been elected a director. 

Mr. A. J. ARTHUR, A.M.I.Mech.E., has been released 
from the Army and has rejoined the firm of Messrs. Alfred 
Wiseman and Company, Limited, Glover-street, Birming- 
ham, 9, as a director. He is a grandson of the founder 
and chairman of the firm, Mr. ALFRED WISEMAN. 
M.I.Mech.E., M.I.A.E. Mr. H. G. Warre, A.M.I.Mech.F., 
has been appointed manager of the firm. 

Dr. F. T. H. Woop, O.B.E:, Medical Officer of Health, 
Bootle, Lancashire, has been elected chairman of the 
Council of the Royal Sanitary Institute, 90, Buckingham 
Palace-road, London, S.W.1. He will take office on 
October 1. 

Recent appointments to the Colonial Service include 
that of Mr. W. G. N. STIRLING, A.M.Inst.C.E., as an 
assistant engineer in the Public Works Department, 
Kenya; that of Caprain F. Jones, of Mickleover, 
Derby, as an assistant mechanical engineer in the Rail- 
way Department, Tanganyika; that of Mr. J. M. 
Fo@arty, B.Eng., as an assistant engineer, Palestine 
Railways ; that of Caprarn K. J. TOMLIN as assistant to 
the Civil Engineer, Seychelles; and that of CapTraIn 
E. S. ARMITAGE as Executive Engineer, Public Works 
Department, Nigeria. 

The Ministry of Supply announce that the DIsposaLs 
SEcTION of the NON-FERROUS METALS DIRECTORATE have 
now moved from Berkeley Court, Glentworth-street, 
London, N.W.1, to 31-43, Norfolk-square, London, W.2. 
(Telephone: PADdington 3434; Telegrams: Metrol 
Padd. London.) 

Messrs. THOMAS AND EVANS, LIMITED (dotor-engin- 
eering department), Porth, near Cardiff, have agreed to 
undertake the distribution, for the whole of Wales, of the 
N.C.B. range of battery electric vehicles built by 
NORTHERN COACHBUILDERS, LIMITED. The latter firm 
hate taken over a new factory on the Team Valley 
Estate to increase production. 





CEMENTED-CARBIDE TOOL MANUAL.—A comprehen- 
sive and clearly written book entitled The Wimet Tool 
Manual has recently been issued by Messrs. A. C. 
Wickman, Limited, Banner-lane, Tile Hill, Coventry. 
The book, which is of 92 pages, is not a catalogue but a 
manual of the principles underlying the technique of 
tungsten-carbide tooling. with particular reference to 
single-point tools. Among the various chapters on 
Wimet tools those dealing with the manufacture and 
physical properties of the material itself are particularly 
interesting, the more practical sections dealing with 
such aspects as the design of the tools; the different 
methods of brazing the tips to the shanks ; grinding the 
tools ; speeds, feeds and depths of cut; chip breakers ; 
tool setting ; coolants, etc. The price of the book is 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel.—The local steelworks are threatened 
with a serious curtailment of output unless the brick- 
layers, at present on strike, can be brought back into 
service quickly. Furnaces which were laid-off for repairs 
at the beginning of this week will not be serviceable when 
the other furnaces, in turn, have to be repaired. Mean- 
time, work is proceeding fairly normally. Orders and 
inquiries from consumers at home and abroad are being 
received at a greater rate than ever before. The export 
position is being hampered by the Government embargo 
on supplies. Actual tonnages have been announced this 
week to the makers, who now know exactly how much 
steel they may ship during the period ending September 
30. It appears, at present, that export operations will 
be largely confined to working off commitments, as the 
tonnage on makers’ books which will have to be carried 
over into next year is so large that only negligible quan- 
tities of new business will be permitted under the quotas. 
The demand for light sections, plates, and sheets still 
predominates, and the delivery of lighter products 
generally is becoming slower. The priority needs of 
housing, shipbuilding, and engineering, however, are being 
met reasonably well. Steel for the manufacture of oil- 
burning plant, where substitution of oil for coal is desired 
and approved, is being given a high priority rating. 

Scottish Coal.—The main changes in the supply pro- 
gramme this week are the arrangements carried out to 
overcome &@ major railway block in the Woodhead Tunnel, 
and, secondly, the notification of higher tonnage alloca- 
tions for electric power stations, and, to a lesser extent, 
for gasworks also. The Woodhead Tunnel block has 
necessitated the diversion of supplies, normally reaching 
Lancashire, to other places, and the arrangements for 
supplies which can be brought into the area by sea or by 
another rail route. As a result, Fife coal intended for 
London has ceased, but London will draw an equivalent 
additional tonnage from the Midlands. Scotland has 
undertaken to send extra coal into Lancashire by the 
West Coast route, and, also, to supply a greater propor- 
tion of the needs of Scottish gas and electric undertakings. 
This has relieved Durham from sending certain consign- 
ments to Scotland, instead of which Durham will now be 
sending more coal into Preston. The Midlands will be 
required to send additional supplies to Northern Ireland 
to balance the programme, now that Scottish producers 
are obliged to deal with extra demands for other markets. 
The aggregate of these changes does not involve any 
increase or decrease to consumers, but Scottish collieries 
have been directed to increase deliveries to gas and 
electric undertakings to the extent of 9,000 tons weekly, 
to do which they have had to cut down industrial de- 
liveries by a corresponding tonnage. Only in exceptional 
cases have Scottish producers been able to make any 
overall increase in their deliveries, as output is not 
improving to any appreciable extent. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Pig-iron is in strong demand, and 
production is fairly well maintained in spite of the 
restriction of coke production. Finished iron a'so is 
more active, and a greater output is needed. High levels 
are being maintained in steel manufacture. Alloy steel 
is in very heavy demand, both on home and export 
account, exports being computed at about 25 per cent. 
of production. Many more skilled workers are needed 
in the light rolling mills, and firms are offering specially 
attractive terms to those willing to enter the mills as 
learners. The dearth of skilled men in mills and forges 
is causing delays in deliveries in many Sheffield trades. 
The agricultural-steel season has made a good start; 
manufacturers are hoping to secure good orders as a 
result of the visit of a deputation from South Africa. 
There is a good demand for high-speed twist drills, milling 
cutters and reamers, and all makers of hand-tools are 
heavily booked. 


South Yorkshire Coal Trade.—Coal is not coming 
forward in sufficient quantity to cover urgent require- 
ments, and allocation is becoming more difficult. Washed 
and graded steams are fully booked. Railways are 
pressing for larger deliveries, and industrial concerns, 
with reserves of only about a week’s supply, are trying 
to obtain more coal without result. Alternative and 
inferior qualities are readily accepted. Floods at some 
outcrop sites have impeded the production of opencast 
coal, much of which is intended for electric power stations 
and industrial undertakings. Coking coal allocations 
comprise many qualities, including house coal. 





LIGHTING OF BUILDING INTERIORS.—The Illuminating 
Engineering Society, 32, Victoria-street, London, S.W.1, 
have reprinted the 1945 edition of their ‘“‘ Code for the 
Lighting of Buildings Interiors,” with a few minor 
alterations in layout. The price is 1s. 6d., and copies may 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers have 
embarrassingly heavy order books. Customers are pres- 
sing for larger deliveries of nearly all descriptions of 
material and are severely taxing the sources of supply: 
An increase in output is difficult to secure, but the pros- 
pect of some improvement in the deliveries of fuel gives 
rise to some hope of an early increase in the supplies of 
the products of foundries and furnaces. Better coal 
allocations would undoubtedly enable activity at the 
steelworks to be increased and possibly justify the relaxa- 
tion of restrictions in the release of tonnage for export, 
rendered unavoidable by the unprecedented d d for 
commodities for essential home needs. Pig iron is 
required in larger quantities than are obtainable, but 
fortunately all qualities of iron and steel scrap are 
plentiful and users are readily accepting substantial 
parcels. 

Foundry and Basic Iron.—The distributable tonnage of 
high-phosphorus pig iron is insufficient for customers’ 
requirements. Deliveries from producing areas at a 
distance are being maintained on a substantial scale, but 
considerably larger quantities would be welcomed ; the 
limited make of local brands contributes little to growing 
requirements of the founders and an increase in produc- 
tion is unlikely. The ouput of basic iron is absorbed by 
the needs of the makers’ own consuming departments. 
Hematite, Low-Phosphorus and Refined Iron.—The care- 
ful distribution of East Coast hematite continues, though 
the accumulations at the makers’ yards are understood 
to be fairly large. Home users are regularly receiving 
quantities sufficient for their actual requirements but 
would greatly appreciate larger deliveries to enable them 
to replenish their stocks. Merchants are still unable to 
secure export licences and this is holding up extensive 
business with customers abroad. The increasing demand 
calls for an expansion in the production of low- and 
medium-phosphorus grades of iron. Manufacturers of 
refined iron have good orders in hand. 

Manufactured Iron and Steel.—Satisfactcry parcels of 
semi-finished iron continue to arrive at the finishing mills. 
The demand for finished iron is not excessive, but the 
pressure for all classes of steel far exceeds the supplies 
available. Heavy deliveries of steel semies received fall 
inconveniently short of the user’s requirements and re- 
rollers are expecting to experience serious difficulties in 
meeting claims for deliveries under extensive contracts 
unless larger supplies of prime billets and sheet bars can 
be imported or home producers of these commodities are 
able to increase their outputs. Producers of plates and 
sheets are fully sold over the next six months and report 
that purchases have been made for delivery over periods 
in the second quarter of next year. Rail makers are 
busily employed and have heavy bookings, while plants 
making railway chairs, points, crossings and colliery requi- 
sites are also actively engaged. 

Scrap.—Scrap is in ample supply and heavy tonnages 
of the better grades are passing into use at the foundries 
and steelworks. The demand is greatest for cast iron, 
machinery metal and good heavy steel scrap. 








FvEL LUNCHEON CLUB.—The annual general meeting 
of members of the Fuel Luncheon Club will be held at 
12.40 for 1.10 p.m., at the Connaught Rooms, Great 
Queen-street, London, W.C.2, on Thursday, October 24. 
The next meeting of the Club will be held at the same 
time, and in the same place, on Thursday, November 21, 
when an address on “‘ Fuel Oilin Relation to the National 
Demand for Fuel” will be delivered by Dr. G. E. 
Foxwell. 





DRAWING-OFFICE Rapivus TEMPLATE.—An ingenious 
and handy device for the draughtsman has been de- 
veloped recently by Messrs. E. N. Mason and Sons, 
Limited, Arclight Works, Colchester, to enable small 
ares, such as fillets, to be drawn rapidly without the use 
of a bow compass. The device consists of a flat circular 
disc of a transparent plastic, about 3 in. in diameter, 
the circumference being formed with a number of projec- 
tions, each about three-quarters of a full circle in peri- 
phery, round which the curve joining a pair of straight 
lines can be traced by pencil or.pen. Each projection 
is identified by its radius in inches, one pattern of the 
device having 15 of them ranging from ¥ in. to ¢ in., 
and another 13 projections ranging from 0 -05 in. to 0 -5 in. 
radius. At its centre, the disc has a knurled knob with a 
depressed centre for ease in setting with the finger, and 
each projection has a hole at its centre, so that this 
centre can be pricked off if required. The edges are 
bevelled and an allowance of 0-002 in. is made for the 
thickness of the line drawn. It is claimed that radii 


tracing from which prints are to be made, as uniformity 
of strength of line is more easily obtained than by the 
use of compasses. The device is known as the “ Arclight” 





be obtained from the Society. 


radius curve. 





made by this method are more satisfactory on a pencil. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF PRODUCTION ENGINEERS.—Derby Sub- 
Centre: Monday, September 16, 6.45 p.m., School of 
Arts, Green-lane, Derby. Lecture: “ Continuous Gaug- 
ing of Rolled Material.” 

ROYAL STATISTICAL SocieTry.—Industrial Applications 
Section: Wednesday, September 18, 6.30 p.m., Chamber 
of Commerce, 95, New-street, Birmingham 2. “ Statistics 
in America,” by Mr. M. Milbourn. Thursday, September 
26, 6.30 p.m., Royal Victoria Station Hotel, Sheffield. 
“What Statistics Can Do in Industry That Other 
Methods Cannot Do,” by Mr. A. W. Swan. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—London 
Graduates’ Section: Wednesday, September 18, 6.30 
p.m., 12, Hobart-place, Westminster, S.W.1. “ Racing 
Cars,” by Mr. H. Pringsheim. Birmingham Centre : 
Tuesday, September 24, 6.45 p.m., James Watt Memorial 
Institute, Great Charles-street, Birmingham. Brains 
Trust Meeting. 

INSTITUTION OF MECHANICAL ENGINEERS.—East Mid- 
lands Branch. Friday, Septemiber 20, 7 p.m., University 
College. Nottingham. Chairman’s Address, by Colonel 
J. M. Dickson. Southern Graduates’ Section: Friday, 
September 20, 7 p.m., R.A.E. Technical School, Old Post 
Office, Farnborough. ‘“‘ An Approach to Research Pro- 
blems in Aeronautical Engineering,” by Captain J. Morris. 
North-Western Branch: Thursday, September 26, 6.45 
p-m., Engineers’ Club, Manchester. Administration and 
Production Group Lecture on “‘ Heavy Machine Tools : 
Their Requirements and Accuracy.” 

INSTITUTION OF CIVIL ENGINEERS.—Thursday, Sep- 
tember 26, 5.30 p.m., Great George-street, Westminster, 
8.W.1. Joint Meeting with INSTITUTION OF ELECTRICAL 
ENGINEERS. Parsons Memorial Lecture on “ Recent 
Developments in Optical Glass Manufacture,” by Sir 
Hugh Chance. 





NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 


The Welsh Coal Trade—No great change can be 
expected in the supply position from the substitution of 
oil-burning appliances for coal in home industries, 
according to Mr. H. H. Merrett, one of South Wales’s 
leading coal owners and industrialists. Speaking at 
Cardiff last week, he said that it would be a long and 
arduous task to increase production in order to provide 
coal for export. As a result, it might be necessary to 
look for much of the export surplus to increased efficiency 
in the utilisation of coalinland. Another direction from 
which coal might be secured for shipment was by the 
conversion of coal-burning appliances at home to use oil. 
If only one-tenth of British industry were converted to 
the use of oil, he said, the country would require to 
import 2,500 million gallons of fuel oil every year, which 
was an impossible task. He expressed the view that 
1947 would prove the most critical year in the history of 
the British coal industry. He believed buyers would 
wait to see what happened in that year before changing 
permanently to alternatives, and they would pay the 
high prices now ruling for British coals if they could get 
the best, in the hope that the adoptoin of new methods 
would cause prices to fall. The demand continues to 
exceed available supplies on the steam-coal market. 
Producers were kept almost fully occupied in executing 
orders already in hand from the inland industrial and 
public-utility consumers. Orders already in hand from 
this source were usually sufficient to provide a ready 
outlet for practically the whole productions for some 
time ahead. The home demand is active and conse- 
quently there has been little coal to spare for export. 
For ordinary overseas users the only fuel obtainable 
consists of the very lowest grades and shipments of these 
are proceeding quietly under the reduced quotas for the 
month. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states that 
last week, the tin-plate industry was fully occupied in 
meeting the prevailing demand. Makers had a substantial 
number of unmilled orders on their books and efforts are 
being made to increase the production. These are 
restricted, however, mainly by the labour position. 
Consumers of steel sheets continue to seek supplies to 
cover their requirements, but new business is becoming 
increasingly difficult to place. The market in scrap iron 
and steel is quiet as consumers do not appear anxious to 
acquire large quantities. The prices of tin-plates were 
unchanged ; prime tin-plates,.per box of 108 Ib., con- 
taining 112 sheets measuring 20 in. by 14 in., were 
34s. 3d., 348. 6d., 348. 104d., f.0.r., according to the tin 
coating, for home consumption. Unassorted tin-plate 





base uncoated plates were 288. 9d. per ‘box f.0.r. 
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Classified advertisements intended for insertion in 
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for advertisers’ blocks left in their possession for more 
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THE UNIFICATION OF 
SCREW-THREAD PRACTICE. 


As screwed parts are used in practically every 
piece of machinery or mechanical appliance in 
existence, it is clear that a universally-interchange- 
system of screw threads would be a convenience, 
not only to users but also to manufacturers of 
thread-producing machinery. The disadvantages 
of a state of affairs under which every engineering 
shop had its own screw threads was recognised as 
long ago as 1840, when Whitworth introduced his 
standards. These were rapidly adopted, not only 
in Great Britain, but to a considerable extent 
abroad. The status attained by Whitworth threads 
on the Continent of Europe was illustrated during 
the first world war, when, in 1917, Lloyd George, 
with a view to assisting the munitions programme 
by unifying British and French practice, appointed 
a committee to look into the possibility of adopting 
the metric system. As might have been expected, 
nothing came of this idea, but probably even 
politicians were convinced that metric threads did 
not hold the position on the Continent which had 
been claimed for them, when it was pointed out that 
there were more Whitworth bolts and nuts in 
Germany than any other kind and that both the 
Russian and German railways used no other type. 
The adoption of metric threads in this country 
could not be carried out profitably without the 
adoption of the metric system generally, and no 
technical man is likely to have supposed that a 
change of that kind could be made in the middle 
of a world war. When the United States came 
into the war in 1917, even lay observers probably 
realised that the practical problem to be faced was 
the possible unification of British and American 
practice, and that dreams of a universal metric 
system would have to be postponed to an unknown 
future. The use of United States munitions in 
Europe was not extensive enough to raise the 
question of non-interchangeability in an acute 
form, but matters were sufficiently serious for a 
British committee to be appointed to consider 
the matter. This body put forward a proposal for a 
compromise 574-deg. thread angle, midway between 
the American and British standards, This propo- 





tion of paper, copies of the Index are 
being distributed only in response to such 
applications, 


sition met little favour on either side of the Atlantic, 


The fundamental difficulty facing the countries 
in which measurements are based on the inch was 
established in 1864, when Sellers, no doubt with the 
best intentions in the world, introduced his 60-deg. 
thread angle. At that time, variations between 
British and American practice were probably not 
of great moment, but the growth of international 
trade gradually intensified their effect, and during 
the recent war, the matter attained almost catas- 
trophic importance. As an example, the manufac- 
ture of the Merlin engine in the United States was 
delayed by ten months while the designs were being 
adapted to American standards. It has also been 
stated that 5,000 American-built ships found it 
impossible to obtain repair material in many foreign 
ports. Two armies, operating side by side, and 
frequently intermingled, required two types of 
shell of all calibres and each had to be provided 
with its own spares. 

The lessons of the 1914-18 war, although of minor 
import compared with those enforced from 1939 to 
1944, were not entirely forgotten after the Armistice 
and, in 1926, Sir Richard Glazebrook, Chairman 
of the British Standards Screw Thread Committee, 
at a conference in New York, at which the United 
States, Canada and Australia were represented, 
again brought forward a proposal for a compromise 
thread of 57}-deg. angle, with flat tops and rounded 
roots. This was not found generally acceptable 
and matters were not carried farther. Had a com- 
promise thread been adopted in 1926, it might 
have modificed general practice sufficiently by 1939 
to have greatly eased the situation which had to be 
faced. From the first, munitions of American 
manufacture were supplied in large quantities to 
the British forces, and when the United States 
entered the war, the delays and confusion caused 
by the existence of two screw-thread standards 
greatly increased. The fact that the situation was 
not modified in any way during the war is not a 
matter for which the engineers of either country are 
to be blamed. Six years of war demanded six years 
of intensive production, and any change in screw- 
thread standards would have resulted in manufac- 
turing difficulties and delays, the results of which 
would have been more serious than the inconveniences 
of two different standards existing side by side. 

In spite of this aspect of the matter there was no 
tendency to postpone the whole question to a more 
favourable future and, in 1943, the Combined Pro- 
duction and Resources Board of the United States 
organised further meetings in New York “ to discuss 
several problems of screw thread unification relating 
to special types of thread required in the production 
of war material.” Great Britain and Canada were 
represented at these meetings. The agenda did not 
cover the question of a ccmmon general-purpose 
standard to replace the Whitworth and Sellers 
threads, but the opportunity was taken by the Brit- 
ish delegation to raise the matter, and it was pro- 
posed by the Canadian delegates, and agreed, that 
each country concerned should set up study groups 
to examine the various aspects.of the matter. Inter- 
change of data and draft specifications was arranged 
for. This New York meeting was followed by a 
further meeting held in London in the autumn of 
1944, and at this the American and Canadian delega- 
tions proposed a definite new general-purpose stan- 
dard, based on the Whitworth and Sellers threads. 
It had a 60 deg. angle, flat crests and rounded roots. 
It was agreed that the standardising authorities of 
the countries concerned should proceed to determine 
the optimum form of thread. 

In order to ascertain the opinion of industry 
generally and to allow discussion of the various wide 
aspects of the whole matter, a series of conferences 
was held in this country in June, 1945. Extensive 
reports of the London conference and of the papers 
presented at all of them have already appeared in 
these columns.* The subject dealt with at these 
and other conferences which have been mentioned, 
was not confined to the question of a general-purpose 
standard, and acme, buttress and other threads 
were discussed, but the introduction of a new stan- 
dard in place of the Whitworth thread is the aspect 
of the matter of widest interest, as it would affect 
every engineering shop in the country. 








and no action was taken on it. 


* See ENGINEERING, vol. 159, page 511, et seg (1945). 
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The next important stage in the negotiations took 
the form of a further conference, held in Ottawa in 
September and October, 1945. In welcoming the 
conference, the Minister of Reconstruction and 
Supply in Canada pointed out that Canada was 
particularly interested in the establishment of a 
common standard as “‘many of our designs are 
British designs and a great deal of our equipment is 
United States equipment.” The Ottawa confer- 
ence dealt with many aspects of the screw-thread 
question, acme, buttress, instrument and pipe 
threads forming subjects for special sessions, but 
the matter of greatest importance, from the point 
of view with which this article is concerned, was the 
recommendation of a new basic standard screw- 
thread form. This is essentially the same as the 
proposal made at the London meeting of 1944. 
The thread has a 60-deg. angle, and a rounded root 
approximating to the present Whitworth standard. 
The crest may be optionally either flat or rounded. 
This thread would mate with a Sellers thread, except 
that there would be minor interference between 
the crest corners and the rounded root. The 
draft recommendation for the adoption of this new 
standard was approved by the delegations of the 
United Kingdom, Canada and the United States, 
although none of them had authority to commit 
either the governments or the industrialists of their 
respective countries. 

In order to provide information about the 
present condition of affairs and the extent to which 
the recommendations of the Ottawa conference are 
being acted or, a meeting was held at the Institution 
of Mechanical Engineers on September 6, and was 
addressed by Mr. William L. Batt, Vice-President 
of the War Production Board of the United States 
of America. Mr. Batt’s subject was announced to 
be “‘ Progress in the United States of Work Towards 
the Unification of Screw Thread Practice,” but it 
cannot be said that he provided much information 
on this aspect of the matter. He gave an interest- 
ing account of some of the difficulties to which 
the dual standards gave rise during the war and 
accentuated the importance of unification, but did 
not explain to what extent, if any, American 
manufacturers are taking steps towards introducing 
a new standard. Information of a much more 
specific kind was provided by Mr. S. J. Harley, 
who followed Mr. Batt and dealt with the progress 
which had been made in this country. 

Early in his remarks, Mr. Harley pointed out 
that what passes for a standard yard in the United 
States differs from the British standard by four 

in a million. This appears to arise from 
the fact that an Act of Congress, in 1866, estab- 
lished the metre as 39-37 in. As not even the 
Congress of the United States can “establish ” the 
metre, the effect of this action was to give incorrect 
values to the inch and yard. The yard is a British 
standard, and although there is nothing to prevent 
the United States having a yard of its own, it will 
not be a standard yard. This state of affairs 
illustrates the difficulty of agreeing on standards, 
based on the inch, common to the United States 
and Great Britain. On the matter of the proposed 
new standard thread, Mr. Harley stated that the 
British Standards Institution, in conjunction with 
the Ministry of Supply, had got into touch with 
industry through trade associations and research 
groups, asking what attitude they took up in the 
matter. Of the bodies consulted, 47 per cent. 
replied. Of these, 17 per cent. had no opinion on 
the matter; 194 per cent. were opposed to a new 
standard ; and 63} per cent. were in its favour. 

It will be clear from the brief description of the 
new standard which has been given that it would 
affect British practice more acutely than American. 
That, however, is not a reason for rejecting it. As 
British manufacturing capacity is much smaller 
than that of the United States, the total plant 
alteration required would be the minimum if 
British practice were modified. Apart from this 
consideration, it is probable that British interests 
are more directly concerned. It would not be 


prudent to assume that the days of great wars are’ 


for ever over, but quite apart from this aspect 
of the matter, a common screw-thread standard 
would be of great value in connection with British 
export trade. 
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RADIO AIDS TO CIVIL 
AVIATION. 


DuRinG the present month, 250 delegates of the 
Provisional International Civil Aviation Organisa- 
tion (P.1.C.A.O.) are visiting the United Kingdom 
from sixty different countries, to see what British 
enterprise has to offer in the field of radio aids to 
civil aviation. The proceedings, which began in 
London on Monday, September 9, are of an eminent- 
ly practical character ; and will mainly consist of 
visits to the Royal Aircraft Establishment at 
Farnborough, to the Telecommunications Research 
Establishment at Great Malvern, and to the Royal 
Air Force Transport Command station at Bassing- 
bourn. Each of these visits will occupy three 
days, so that there should be ample opportunity 
to inspect and see demonstrated the great variety 
of British equipment which has been in operation 
already for controlling aircraft, as well as other 
apparatus which is still in the experimental stage. 
On Tuesday and Wednesday, September 24 and 25, 
informal discussions on what has been seen will 
take place in London. The delegates will then travel 
to the United States where, during October, a 
period equivalent to that spent in this country will 
be devoted to the inspection of American apparatus. 
Subsequently, equipment of Canadian and Austra- 
lian origin will be demonstrated in the first of these 
two countries and, finally, the Special Radio 
Technical Division of the Organisation will meet in 
Montreal early in November to discuss the relative 
merits of the various systems they have seen ; and, 
it is to be hoped, to decide which of them shall be 
adopted generally. 

The reasons for this important meeting, which 
arises from a suggestion made by Dr. A. Warner, 
President of the Council of P.I.C.A.O., are not far 
to seek. As is well known, there have been great 
developments in the discovery and employment ¢f 
radio aids to navigation, both aerial and marine, 
during the past seven years, especially in the 
United Kingdom and in the United States. More- 
over, it has not been lacking, on a smaller scale, in 
other countries. Though much international inter- 
change of information regarding this work has taken 
place, there has nevertheless been a certain amount 
of overlapping, while naturally a number of com- 
peting systems have been devised for carrying out 
the same tasks. Though this was not altogether 
disadvantageous during the war, under peace-time 
conditions close co-ordination and standardisation 
are desirable, and in some ways essential, particu- 
larly in the field of civil aviation. It, therefore, 
becomes necessary to choose, from the great variety 
of apparatus available, a small number of types 
which can be given practically universal application. 
To make that choice, by no means an easy task, is 
the short-term policy of the Provisional Inter- 
national Civil Aviation Organisation. Its long-term 
policy is to develop this apparatus and, if necessary, 
to invent new equipment, so that civil aviation can 
be carried on safely under such conditions of speed 
and traffic density as are likely to arise in the future. 

The service that a radio-communication system, 
of the kind that the Organisation is being asked to 
specify, will be required to provide is, briefly: 
means whereby the pilot of the aircraft can exchange 
information directly and immediately at a high level 
of intelligibility with a ground station on such 
matters as navigation, meteorological conditions, 
loadings and general operational details. For this 
purpose it will be necessary, in areas where the traffic 
is dense, for control from the ground to be exercised 
both at short and long ranges and for these functions 
to be divided. For instance, short-range control 
will be effected from a tower on the airfield in direct 
telephonic communication with the aircraft, in such 
a way that all movements in the landing area, 
including the landing and taking-off of aircraft, 
can be supervised. Inter alia, this will necessitate 
the provision of a general situation display with an 
automatic totaliser, on which all the flight schedules 
with which the controller is concerned will be shown. 
Though it is intended that voice telephony should be 
employed for control at this point, if language 
difficulties arose a code could be used or, better 
still, the pilot could be provided with a pictorial 


display of the ground instructions. It is believed 
that for tower-control purposes, the best results 
can be obtained by using the very high frequency 
band, which, it is worth recording, was first intro. 
duced on a large scale into Fighter Command in 1939. 

This short-range supervision of the flight wil] 
often have to be supplemented at longer ranges by 
some form of approach control, especially at places 
like the London Airport where the movements are 
likely to be numerous. The function of this approach 
control, which will work, of course, in close eo. 
operation with tower control, will be to operate 
devices which will enable aircraft to be safely led 
into and out of the marshalling areas. For this pur- 
pose it is proposed that communication shall also be 
by speech, very high freqencies again being utilised. 
It is further envisaged that it may be possible to 
use one frequency for controlling approach through- 
out the world. This would be different, of course, 
from the frequencies used by the tower controls, 
either at the immediately associated airfield or in 
neighbouring areas. 

Finally, there is the problem of controlling air- 
craft outside the approach zones in fields as large as 
the Atlantic, with a relatively sparse air traffic, and 
as small as a portion of this country where conditions 
might be highly congested. The functions of such 
area control may be stated as being the clearance of 
flight plans, the separation of aircraft, the hastening 
or delaying of the pilot en roiite, so as to avoid 
delays in landing, and the handing on of machines 
to, or accepting them from, approach control. For 
these purposes, area control will have to be provided 
with long-distance radio communication, preferably 
associated with teleprinters, with remote areas, as 
well as with staging points or terminal airfields. 
Communication with all aircraft in the area, prefer- 
ably by voice, will also be necessary. Both these 
services, it is claimed, can be provided only by some 
high-frequency system. Area controls must also 
be in direct communication with all subsidiary con- 
trols in their areas, so that the appropriate opera- 
tive information can be passed on for display. This 
will necessitate apparatus being provided, so that 
all messages handled by the area controller can be 
recorded automatically. Fortunately, equipment 
which enables this to be done is now available. 

As possible, yet not necessarily final, solutions 
to the problems set by these requirements, two co- 
ordinated short-distance navigation and _ airfield 
approach systems will be demonstrated to the 
Organisation. In both of these, use is made of 
“spider's web lattice navigation,” i.c., of a com- 
bined distance and azimuth indication from a 
ground beacon, which is not necessarily sited at an 
aerodrome. One of these systems can be simply 
integrated into the very high frequency communica- 
tion system, while the other is relatively free from 
siting troubles. Neither, however, has any clear 
general advantage over the other, and both will 
therefore be demonstrated so that delegates can 
make their own comparisons. As an additional refine- 
ment, one of the systems will include an electro- 
mechanical computer, which provides the pilot with 
“distance to go” and “deviation from track” 
indications relative to a predetermined distance 
and track lying wholly within the coverage area 
of the beacon. Airfield control will be operated 
from sets using direct radar reflection from the 
aircraft or a radar responder. Demonstrations will 
also be given of two systems, which are at present 
in military use. They go part of the way, however, 
to meet the requirements of civil aviation and are 
capable of further development. These are the 
BABS, which is now generally employed by the 
Royal Air Force, and the vell-known “Gee,” for 
which a considerable network of transmitting sta- 
tions exists, both in Europe and along the trunk 
route to the Far East. The long-range navigation 
problem is more difficult and less urgent than the 
short range, and will therefore not be so fully 
covered in the demonstrations. In addition to 
‘*Gee,” the Consol system will also be shown, 8 
well as the Post Office Position Indicator in exper!- 
mental form. 

It will be seen therefore that the delegates will 
have plenty to engage their attention ; and will not 
have an altogether easy task in coming to the deci- 








sion they are being asked to reach. 
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NOTES. 


Iron AND STEEL Boarp. 


TuE Ministry of Supply has appointed six members 
of the Iron and Steel Board, namely, Sir Archibald 
Forbes, who is to be chairman, and Sir Alan Barlow, 
Mr. A. Callighan, O.B.E., Mr. Lincoln Evans, Mr. 
G. H. Latham, J.P., and Mr. R. Mather. Mr. A. C. 
Boddis, of the Ministry of Supply, has been appointed 
secretary of the Board, and Mr. R. B. Williams- 
Thompson, chief information officer of the Ministry 
of Supply, will act as information officer to the 
Board. An additional member possessing experi- 
ence of general industry is to be appointed, and his 
name will be announced shortly. Sir Archibald 
Forbes, who is 43 years of age, was formerly a mem- 
ber of the firm of Messrs. Thomson McLintock and 
Company. In 1935, he was made a director of 
Messrs. Spillers Limited, by whom he was released in 
1940 to join the staff of the Air Ministry. In June, 
1941, he was appointed Deputy Secretary of the 
Ministry of Aircraft Production and, subsequently, 
took over also the post of Controller of Repair, 
Equipment and Overseas Supplies. Sir Alan Barlow, 
Bt., has been a joint Second Secretary of the Trea- 
sury since 1942. Mr. A. Callighan became national 
President of the National Union of Blast Furnace- 
men, Ore Miners, Coke Workers and Kindred Trades 
in 1939, and was made general secretary of the Union 
in November of that year. Mr. Lincoln Evans 
became assistant general secretary of the Iron and 
Steel Trade Confederation in 1936 and succeeded 
Mr. John Brown as general secretary early this year. 
Mr. G. H. Latham is chairman and managing director 
of the Whitehead Iron and Steel Company, Limited, 
and is President-elect of the British Iron and Steel 
Federation. Mr. R. Mather is chairman and manag- 
ing director of the Skinningrove Iron Company, 
Limited. He was technical adviser to the Indian 
Tariff Board in 1923-24 and again in 1926-27, 
and was technical director of the Tata Iron and 
Steel Company, Limited, from 1930-1940. Sir 
Archibald Forbes’s appointment is to be a full-time 
one, but the other members of the Board are to 
serve on @ part-time basis. Briefly, the main duties 
of the Board will be to review and supervise pro- 
grammes of development needed for the modernisa- 
tion of the iron and steel industry ; to supervise, as 
necessary, the industry in current matters, including 
the provision of its raw-material requirements ; and 
to advise on general price policy for the industry 
and on the fixing of prices for controlled products. 


Lonpon TRAFFIC AND THE LONDON PLAN. 


As is well known, various plans have been pre- 
pared from time to time for the rebuilding of 
London. Attention has also been directed to the 
question of transporting those who work in London 
and live on the outskirts. So far, however, there 
has been little scientific examination of the diffi- 
culties of combining the vision of architects with 
the needs of travellers by road, rail and air. The 
Division for the Social and International Relations 
of Science and the Engineering Section of the 
British Association for the Advancement of Science 
have therefore arranged a conference (which opened 
yesterday at the Institution of Civil Engineers, 
Great George-street, London, S.W.1, and will con- 
tinue to-day) in the hope that if architects, engineers, 
traffic experts and the public are brought together 
to discuss these questions, some satisfactory solu- 
tion to them can be found. We propose to deal 
with the proceedings of this conference in a future 
issue, but it may be mentioned that, after it 
had been opened by the President of the British 
Association (Sir Richard Gregory, Bt., F.R.S.), 
the chair was taken by the Rt. Hon. Lord 
Latham and an introductory statement was made 
by Sir William Halcrow. In the course of his 
remarks, Sir William said that the object of the 
conference was not to propose specific plans, but to 
discuss the broad principles which governed those 
plans. It might also be possible to draw up some 
general conclusions which would assist in putting 
the existing plans into effect. So far as road traffic 
was concerned, more road space was netessary and, 
as long ago as 1904, road planners had put forward 
proposals for overhead construction to the Royal 





Commission on London traffic. As regards rail- 
ways, most of the main-line termini were about 
100 years old and needed rebuilding; and it had 
been suggested that they might either be put under- 
ground or grouped. These were merely examples 
of the type of problem which needed to be con- 
sidered. That the re-design of roads was necessary 
was also mentioned by Sir H. Alker Tripp, while 
Professor W. G. Holford insisted that, in planning 
traffic, the economic function and the main uses of 
the area to be served were the dominant considera- 
tions. Other speakers were Mr. W. H. Ansell on 
‘* Architecture”; Mr. A. J. Lyddon on “ Roads ”’ ; 
Mr. V. A. M. Robertson on “ Railways”; Mr. E. 
Colston Shepherd on ‘ Air Transport”; Mr. H. F. 
Cronin on ‘* Sub-Surface Works”’; and Mr. J. C. 
Martin on ‘‘ Underground Railways.” ; 


British STEEL FounNDERS’ ASSOCIATION. 


One of the results of the war has been to bring 
home to the designer and the producer of steel cast- 
ings the value of co-operation, and it has now become 
the practice for the designer to discuss with the steel 
founder the various problems of production of a 
steel casting while the design is still in its early 
stages. The standard of technical efficiency of the 
industry, in consequence, is much higher than it 
was in 1939, and, at the present time, steel castings 
are being adopted over wider fields of engineering 
construction than was formerly the case. With the 
object of bringing the characteristics and advantages 
of steel castings to the attention of designers in all 
sections of industry to which they may be applied, 
the British Steel Founders’ Association are pub- 
lishing a series of bulletins. The first of these has 
recently been issued, and deals with the elementary 
principles of design as applied to parts which are to 
be produced as steel castings and with the avoidance 
of certain causes of casting defects. The advantage 
of drawings made in good clean lines and in an open 
style is emphasised and it is added that, in the case 
of complicated castings, a pictorial sketch is valu- 
able to the foundryman. In this first bulletin the 
discussion of causes of defects in steel castings is 
confined te two elementary but important examples, 
namely, sharp angles and intersections. Diagrams 
are included to indicate how simple modifications in 
the design of the casting can correct fault and 
avoid planes of potential weakness. A final section 
deals with the choice of steel for castings. Forth- 
coming publications of the Association will deal 
with feeder heads, ‘‘ mouldability ’ and the use of 
cores, the effect of sharp radii and re-entrant angles, 
hot tears and pulls, and general inspection. Further 
particulars regarding the Association’s work may be 
obtained from the Secretaries, 301, Glossop Road, 
Sheffield, 10. 


THe WaTER-POWER RESOURCES OF SWEDEN. 


According to the current issue of Swedish Foreign 
Commerce, the potential water power resources of 
Sweden are estimated to be about 40,000 million 
kWh per annum, of which 13,500 million kWh per 
annum, or 2,050 kWh per inhabitant, are now being 
utilised. The aggregate installed capacity of the 
water-power stations in the country is 2,500 MW, 
a figure which reflects the great increase that 
took place during the war years, owing to the 
shortage of imported fuel and the consequent 
necessity of expediting the development of native 
resources. As the falls in central and southern 
Sweden, which are the most industrialised and 
densely populated areas of the country, are almost 
fully utilised, further demands for power will have 
to be supplied mainly from the north. Among the 
existing stations those.at Trolhattan, 30 miles 
north of Gothenburg, and at Krangede on the Indal 
River, both have an installed capacity of over 
200 MW. They will, however, be surpassed by 
the station which is now being erected on the 
Harspranget Falls in Lapland. This will have a 
capacity of about 260 MW. In addition, several 
water-power stations with installed capacities be- 
tween 20 MW and 100 MW are being built. Though 
the number of steam-power stations in Sweden is 
relatively small, those at Vasteras, Stockholm and 
Malmé, which are chiefly used for stand-by pur- 
poses, are of quite large capacity. All the power 
stations in the country of any importance are now 





inter-connected, the network being controlled by a 
central organisation in which both the Government 
and private owners collaborate. At the present 
time there are four long-distance trunk transmission 
lines, but a fifth line will be ready next year, and a 
sixth and seventh in 1949 and 1950, respectively. 
One of these lines is about 440 miles long, which will 
later be increased to 625 miles, or more. About 
70 per cent. of the electricity generated is used 
by industry, 20 per cent. by households and farms, 
and 10 per cent. by the railways. All towns and 
villages are said to be completely electrified and, 
in the countryside, 85 per cent. of the houses have 


a supply. 
Crry AND GuiILps oF LONDON INSTITUTE. 


The annual report for 1945 of the Council of the 
City and Guilds of London Institute discloses a 
financial position which can hardly be described as 
satisfactory. In fact, considerable anxiety is 
expressed regarding the “ progressive decline of the 
amount of annual subscriptions, which are in inverse 
ratio to the activities of the Institute.” The report 
goes on to say that unless substantial support is 
forthcoming, a deficit of not less than 4,000]. may 
be anticipated during the present year. The atten- 
tion of the Corporation and the City Livery Com- 
panies is therefore called to these difficulties, in the 
hope that they will see their way to relieve the 
situation. This seems the more necessary since, 
although criticisms have been levelled at the details 
of some of its examinations, the Institute has done 
a great deal to maintain a high standard of tech- 
nical education over a wide field, and the value 
of these efforts can hardly be exaggerated at the 
present time. This is shown by the fact that, 
though the number of candidates decreased at the 
beginning of the war, there has since been a steady 
recovery. Considerable extra work was involved 
in holding a series of examinations at the request of 
service departments, and in making special arrange- 
ments for candidates from those departments to 
take the other examinations offered by the Institute 
at home, in overseas theatres, and in German 
prisoner-of-war camps. The solution is obvious and 
it is hoped that it will be applied. 


BririsH CORPORATION REGISTER OF SHIPPING 
AND AIRCRAFT. 


During the seven years from the beginning of 
1939 until the end of 1945, the British Corporation 
Register of Shipping and Aircraft were responsible 
for the construction of 769 merchant ships, making 
together upwards of two million gross tons, in 
addition to 411 naval craft of an estimated aggre- 
gate gross tonnage of 325,000. The Society, more- 
over, supervised the repairs in some 16,000 cases of 
damage through enemy action, or as the result of 
other war hazards, and alse carried out about 20,000 
routine periodical surveys. These statistics were 
quoted in the course of a speech made by the chair- 
man, Mr. Gilbert J. Innes, at the 56th annual 
meeting of the Corporation, held on March 6, 1946, 
and they are reprinted in a recently-issued book- 
let which deals with the war years in retrospect, 
and also contains a brief account of the Society’s 
origin and history. Further statistics quoted by 
Mr. Innes were that the 450,000 gross tons of ship- 
ping completed in 1943 constituted the highest 
tonnage which the Society had yet recorded and that 
the following year held the record for the number 
of ships (288) handed over during a period of twelve 
months. In a speech made at the same meeting, and 
also reprinted in the booklet, the chairman of the 
technical committee, Sir A. Murray Stephen, referred 
to the rapid increase in the amount of welding done 
in shipbuilding and added that further develop- 
ments in X-ray examination were needed. The 
Admiralty had used this form of inspection freely, 
but for merchant work no general service had yet 
been evolved. This might be a case for combined 
action by the classification societies or it might be 
given attention by some body such as Lloyd’s 
Proving House. In the meantime, y-ray examina- 
tion had been used with valuable results. A third 
speech reprinted in the book is that made by Mr. 
Innes at the jubilee meeting of the Society, held 
on March 6, 1940. Mr. Innes then stated that, in 
1890, the sailing ship was still in the forefront, there 
being 20 sailing ships for every 12 steamers in 








256 


ENGINEERING. 


SEPT. 13, 1946. 





— 





commission. On the other hand, the trend of 
future events was shown by the fact that for one 
sailing ship on the stocks, there were four steamships 
being built at that time. The foundation of the 
British Corporation had been a direct result of the 
decision of the Government to introduce load-line 
legislation, and the promoters of the Society had 
succeeded in getting the support of the Board of 
Trade to a principle previously unknown in merchant- 
shipping legislation, namely, that when any changes 
were proposed in load-line regulations the Govern- 
ment would have regard to the views of the load- 
line assigning authorities. In conjunction with their 
fellow assigning authorities, the British Corporation 
had been in the forefront of load-line developments 
when experience had shown a change to be necessary. 
As a result, world shipping had gained a great 
increase in carrying capacity, accompanied by 
standards of strength and maintenance ensuring 
vastly greater safety of life and property at sea. 


VOLTAGE AND FREQUENCY STANDARDISATION 
rn AUSTRALIA. 


According to a review, which has been published 
in Melbourne by the Electrical Engineer and Mer- 
chandiser, the course of voltage standardisation in 
Australia has been similar to that in this country, 
though with a certain time lag. At present, three 
different voltages are in use, a pressure of 240 volts 
between phase and neutral being employed in New 
South Wales, Queensland, South Australia and 
Tasmania, while in Victoria 230 volts is used and 
in Western Australia 250 volts. In parts of Adelaide 
and Melbourne a supply is still given at 200 volts, 
but this is being altered. History also repeats itself 
to some extent, in that when, in 1938, the Standards 
Association of Australia recommended a standard 
pressure of 230 volts they added a proviso that the 
use of 240 volts should be recognised as permissible 
in those States where it predominated or had been 
declared standard by statutory regulation. In each 
case, a variation of + 6 per cent. and — 4 per cent. 
was allowed. In Western Australia, where there 
are relatively few consumers, no attempt has been 
made so far to bring the voltage into line. The 
Government of that State, however, has embarked 
on a scheme for standardising the frequency. With 
this end in view, the new station at South Fremantle 
is to be equipped with 50-cycle machines, and a 
frequency changer is also to be installed to convert 
the output of the existing 40-cycle station at East 
Perth. At the same time, the voltage is to be 
standardised. It is considered that the prevalence 
of 240-volt supplies in Australia makes this the most 
economical standard ; and our contemporary also 
considers that the choice is technically sound where 
the reasons for the British decision are applicable to 
Australian conditions. 

THE ArR-SPEED RECORD. 

After a period of continuously unfavourable 
weather, the attempt to raise the air-speed record 
above the 606-25 miles an hour established on 
November 7, 1945, and recorded on page 406 of the 
160th volume of ENGINEERING, was made on 
Saturday, September 7, and a new record of 616 
miles an hour was established. Light rain was 
falling at the time and a southerly wind was blow- 
ing at 10 miles an hour on the three-kilometre course 
which lies between Bognor Regis and Worthing. 
The air temperature was 14 deg. C.; about 16 deg. 
below the ideal. The speeds for the four laps flown 
by Group Captain E. M. Donaldson, D.S.0., A.F.C., 
of the R.A.F. High-Speed Flight, were 623, 610, 
623 and 609 miles an hour, giving an average of 
616 miles an hour. Squadron Leader Waterton, 
A.F.C., averaged 614 miles an hour in four laps in 
a similar machine. The aircraft were similar to 
those used for the previous record, namely, Gloster- 
Meteor Mk. IV fighters powered by two Rolls-Royce 
Derwent Mk. V jet-propulsion engines. The thrust 
of the Derwent V, as fitted in the standard service 
machine, is 3,500 Ib., but the jet-propulsion units 
used for the previous record were adjusted to give 
3,600 Ib. thrust, and for the latest record the thrust 
is given as 4,200 lb. At the time of writing, the 
Air Ministry have not submitted the record to the 
Fédération Aéronautique Internationale, and an- 
other attempt may be made before the end of the 
present month. 





LETTERS TO THE EDITOR. 


THE CULT OF THE MODEL. 


To THE Eprror OF ENGINEERING. 


Sm,—May I express my appreciation of the 
leading article in your issue of August 30, and 
strongly endorse your plea for the “historical” 
model? A well-made accurate model is the finest 
form of record there can be ; in some ways, par- 
ticularly in connection with the larger types of 
engine, it has advantages over the original, as it can 
be seen more easily from all angles, and appreciated 
better as a whole, than the original can be. 





There is a wealth of prototypes to choose from, 
whether the prospective maker is interested in | 
locomotives, pumping engines, mill engines, winding 
engines or marine engines. The originals, in many | 
cases, have vanished completely, and more are | 
vanishing every month, but such books as D. K. 
Clark’s Railway Machinery and The Steam Engine, 
and those by Tredgold, Bourne and Zerah Colburn, | 
are treasure-houses of information and in many cases 
contain complete and most beautifully executed 
drawings. To any genuine inquirer the authorities 
of the Science Museum are always most helpful. 
Those of your readers who visited the Model Engineer 
Exhibition will have seen no doubt Engineer 
Commander (Ret.) Barker’s four beautiful marine- 
engine models, and it is to be hoped that they will 
find a final home in the Science Museum. Such 
models form a priceless record of the work of engin- 
eers of a past era, and people who undertake tasks 
of this nature will not only derive great pleasure 
themselves, but also do a most valuable service to 
future generations. 

Yours faithfully, 
K. N. Harris. 
Kodak Limited. 
Wealdstone, Harrow. 
September 3, 1946. 


To THE Eprror OF ENGINEERING. 


Smr,—The editorial in the issue of ENGINEERING 
for August 30 forms an admirable treatise on the 
“philosophy ” of model making, while the refer- 
ences to the exhibits at the 2lst Model Engineer 
Exhibition will increase the disappointment of those 
unable to see them. 

It seems beyond question that the genuine model 
maker has the qualities of the artist, in that he 
models what his fancy impels him to, and the ques- 
tion of either guiding him, or causing him to model 
something which is historically worth preserving 
in model form, will doubtless be found to be some- 
what difficult. If it were possible to guide the 
model maker, there is little doubt that invaluable 
work could be done by tracing the development of 
machinery from the pioneer stages to the present 
time; a central institution, such as the Science 
Museum suggesting suitable subjects. Your refer- 
ence to my father’s engine is a case in point. The 
development of the enclosed-type steam engine has 
had a profound effect on prime movers of all kinds, 
and a series of models of such engines would have 
considerable historical value. So far as I know, 
there is only one model of a Willans central-valve 
engine in existence, and that is the scale model of 
a two-crank engine built by Mr. Gerald Robinson, 
a son of the late Mark Robinson. This model is, of 
course, in the South Kensington Museum. It has 
always been a matter of regret to me that my father’s 
earlier engine, his three-crank launch engine, has 
been overshadowed by the famous central-valve 
engine. I do not believe that any model of the 
former exists, although an actual engine is in the 
South Kensington Museum. The engine in question 
used to drive the laundry machinery at Windsor 
Castle, and was presented to the Museum by H.M. 
King George V. I believe that an engine of this 
type, known to old Willans’ men as “the launch 
engine,” was fitted into the first Thornycroft steam 
wagon ever built. 

The development of the Willans engine was, first 





a simple engine exhausting into the crankcase, then 
a simple engine but exhausting into a chamber, then 


a compound, then the triple-tandem special which 
drove the dynamos at Buckingham Palace in the 
very early days of electric lighting. Next came the 
central-valve engine in all its forms, and in the early 
days of this engine, a type which has received very 
little notice, a three-crank reversing engine of which 
only one or two were ever made, although one of 
them was in use up to the beginning of the war, and 
has been broken up only recently. The method of 
reversing this engine was probably unique. 

Besides a history in model form of the enclosed- 
type engine, possibly with crankcases made in 
Perspex to enable the moving parts to be seen, your 
reference to the decline in steam-wagon models at 
the recent exhibition leads me to suggest that a 
history in model form of the development of that 
peculiarly British product would have a definite 
historical value. The history could date from the 
first Liverpool Self-Propelled Traffic Association's 
trials, which took place very early in the present 
century. 

I will close with a speculation as to what impelled 
the driver of a motor cab to choose as his subject 
for modelling the Congreve clock, which he saw in a 
clockmaker’s window. I submit that this is useful 
evidence in support of my contention that the true 
model maker is an artist in the best sense of the 
word, and is driven by urges which have little either 


| of logic or utility in their make up. 


Yours faithfully, 
KyrRLeE W. WILLANs. 
Shattrick, 
Broadway, 
Ilminster. 
September 3, 1946. 


To THE Eprror oF ENGINEERING. 


Str,—The leading article in your issue of August 30 
on the subject of accurate scale models as records is 
most timely. To go no farther than the subject of 
windmills, it seems likely that, apart from Lincoln- 
shire, there may be few, if any, corn-grinding mills 
at work by wind in twenty years’ time. For 
example, there are none at work by wind in Anglesey, 
Bedfordshire, Buckinghamshire, Cheshire, Durham, 
Hertfordshire, Huntingdonshire, Lancashire, North- 
umberland, or Oxfordshire ; only one each in Derby- 
shire, Essex, Surrey, Sussex, and Yorkshire ; two in 
Norfolk ; four in Kent; and six in Suffolk. In the 
last-mentioned county there were thirty-nine at work 
in 1926. Each area had its traditional type ; yet 
apart from the model you mention, of a Norfolk 
post mill at Sprowston, I know of only the model of 
Cranbrook, a Kentish smock mill, and of Bourn, a 
Cambridgeshire post mill, of which the interior 
working is not shown, both being in the Science 
Museum 

Before it is too late we need models of the follow- 
ing: an Anglesey tower mill (only one was left 
complete in 1939); the only Derbyshire post mill 
at work ; the sole remaining full-size Fenland marsh 
mill ; a Lincolnshire tower mill, preferably with five 
or six sails ; a Norfolk marsh mill ; the only Surrey 
post mill at work ; and the last Sussex post mill at 
work. There are, of course, a number of others, 
but those mentioned would at least be a basis to 
work on. 

Yours faithfully, 
Rex WAILEs. 

382, Euston-road, N.W.1. 

September 5, 1946. 





«“ VMono ” PUMPS FOR MINING SERVICE.—A descriptive 
booklet dealing with the ‘‘ Mono ”’ pump for mining ser- 
vice has been issued by Messrs. Mono Pumps, Limited, 
Cannon-street, London, E.C.4, and should be of service 
to users of the pumps in collieries, mines, quarries and 
similar places where the water handled is likely to contain 
grit or other suspended material. The pump is self- 
priming and has neither valves, gearing nor lubricators, 
the working parts consisting of a motor driving a metal 
rotor having a single helix working, with a slightly 
eccentric motion, in a rubber stator having a double 
internal helix. The pump is made in four sizes, single- 
stage, with a range of 6-5 gallons per minute to 100 gal- 
lons per minute against a total head of 100ft. The two- 
stage pattern will work against a total head of 300 ft., 
the output under this head of the largest size being 75 gal- 
lons per minute. Operating and maintenance instruc- 
tions are given in the booklet. 
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DIESEL-ELECTRIC 
TRACTION. 


THE announcement that some 1,200 of the steam 
locomotives in use on British railways are to be 
converted from coal to oil firing has been received 
differently by the engineer and the economist. The 
former is mainly concerned with such matters as 
the tonnage of steel plate, which will be required 
for the main storage tanks and for the containers 
which must be provided on the tenders, as well as 
with the modifications which will be required in the 
control equipment and in the moving parts them- 
selves. At a later date, too, he will take steps to 
analyse the operating results that have been obtained 
in order to ascertain the benefits that may have 
accrued from this method of firing. His attitude 
is therefore one of curiosity, such as every engineer 
should exhibit when faced with some novel de- 
velopment. On the other hand, the economist, 
perhaps not unnaturally, is pessimistic about the 
change. Among his reasons are that it is a sorry 
business that a nation, whose greatness has been 
built up largely on coal, should have to urge its 
railways to abandon a native product in favour of 
one which will certainly require shipping and prob- 
ably also foreign exchange to import it. He is 
equally pessimistic about the cost of the conversion, 
seeing that the present price of oil is about two 
and a half times that of coal. 

As regards the abandonment of a native product, 
however, the coal position, as recorded in a leading 
article, on page 133, ante, is the most alarming that 
this country has ever had to face in times of peace. 
The result, in fact, may be that factories will have 
to be closed for lack of fuel, with consequent 
unemployment and a grave slowing down in the rate 
of national recovery. At the present time, there- 
fore, we have no choice but to use alternatives 
to coal, even if their employment is of a temporary 
character and is followed by a reversion to more 
normal methods when conditions improve. It is 
to be hoped, however, that the existing crisis will 
be regarded as a salutary warning and that oppor- 
tunity will be taken to examine, inter alia, the whole 
question of the supply of motive power to railways 
in the light of present fuel conditions and on the 
broadest possible basis. 

One good reason for doing this is crystallised 
in the question whether the steam locomotive, in 
the form in which it is commonly known to-day, 
has not reached the limit of its efficiency. This 
question was fully discussed by Mr. J. S. Tritton 
in the first Sir Seymour Biscoe Tritton Lecture, 
which was delivered before the Institution of 
Locomotive Engineers last April and of which an 
abridgement appeared on page 190 of our issue of 
August 23. In this lecture, it was pointed out that 
the first task of the locomotive engineer is to 
examine fundamentals, in order to see what pros- 
pects there are of overcoming existing limitations of 
power, weight, size and speed by the adoption of 
new designs, new types of boiler, new prime movers 
and the latest developments in transmission. 
Although Mr. Tritton provided much useful infor- 
mation regarding locomotives of novel types, some 
of which have not yet passed the paper or experi- 
mental stages, he left it to others to decide which, 
if any, of these should be adopted in practice to meet 
a given set of traffic requirements. Considering the 
importance of the question both now and in the 
future, however, it may be useful to examine it 
from a somewhat different point of view. 

It is common knowledge that the thermal efficiency 
of the steam cycle on the normal locomotive is low, 
being only of the order of 8 per cent. An obvious 
first line of attack is therefore to discover, if possible, 
some method of working which will enable a figure 
comparable to that which is becoming common in a 
modern electric power station to be obtained. 
Unfortunately, by the time the energy in the coal 
fired at the power station has reached the locomotive 
drawbar, it has undergone so many transformations 
and suffered so many losses in transmission that the 
overall efficiency of electric traction, when the neces- 
sary power is supplied from a central source, differs 
little from that obtainable with the steam locomotive. 
In making this statement, it must be emphasised 





that no account is taken of the incidental advan- 
tages which would follow general electrification of 
the British railways on the lines suggested by the 
Committee presided over by Lord Weir in 1931. 
Indeed, some further advance in that direction 
would seem to be desirable at an early date, in 
view of the fuel position, since electric traction, 
with power generated in large stations, would enable 
coal of a poorer quality to be utilised than it is 
possible to employ on a steam locomotive. The 
spread of the population outwards from our large 
cities will also demand a more intensive suburban 
service of the kind which, as experience on the 
Southern Railway has shown, can best be provided 
by electric traction. 

On the other hand, the Diesel-electric locomotive 
has been credited with a thermal efficiency of 16 per 
cent. or more. The question therefore arises whether, 
if it is necessary to employ oil instead of coal on 
our railways, it would not be better to do this by 
using the Diesel-electric system; and thus taking 
advantage of the higher efficiencies which would 
thereby be obtained. If this were done, it is possible 
that the qualms of the economist regarding the 
present situation might be mitigated to some extent, 
and certainly the engineer would be provided 
with a series of interesting problems on which to 
exercise his ingenuity. 

In this connection, we may draw attention to an 
address on “ Diesel-Electric Traction,” which was 
delivered by Mr. D. B. Hoseason before the East 
Midland Sub-Centre of the Institution of Electrical 
Engineers last autumn, and is published in the May 
issue of the Journal of that body. He points out 
that the calorific value of locomotive coal is usually 
about 13,000 B.Th.U. per pound, compared with 
Diesel oil at 18,000 B.Th.U. per pound, and he gives 
the relative efficiencies of the steam and Diesel- 
electric locomotives as 8-5 per cent. and 25 per cent. 
respectively, thus increasing the advantage which, as 
Mr. Tritton has shown, the latter form of traction 

. On this basis, the radius of action of the 
Diesel-electric locomotives would be four times that 
of the steam locomotive and the number of fuelling 
points in a given area could therefore be propor- 
tionately reduced. Further, a point to which Mr. 
Tritton also draws attention, the Diesel engine with 
its multi-cylinder construction provides a more 
even turning moment than the reciprocating steam 
engine and is mounted vertically on the locomotive 
in a position that is less likely to distort the struc- 
ture. It is also possible to provide engine supports 
of a design which prevents the transmission of 
vibration to vulnerable parts ; with the result that 
less maintenance is necessary. Less time is there- 
fore spent in the repair shops and a higher degree 
of availability in service is obtainable. In fact, 
experience shows that when conversion from steam 
to Diesel-electric operation is made the number 
of locomotives required can be reduced by about 
30 per cent. On the other hand, the cost of the 
Diesel-electric locomotive is nearly three times that 
of the steam locomotive, a fact which has to be 
carefully weighed when its employment is under 
consideration, and probably goes far to explain the 
slow headway that this form of traction was making 
in the United Kingdom before the war. In fact, 
the crux of the matter is the relative fuel costs of 
the two systems, though the advantages of the 
Diesel-electric system from the operation point of 
view are likely to lead to its increasing employment, 
not only for shunting purposes, but also in areas 
where the traffic density is not likely to warrant the 
adoption of full electrification for some time. 





FIRE-DETECTION EQUIPMENT.—An informative and 
fully illustrated booklet has been issued by Messrs. 
Gent and Company, Limited, Faraday Works, Leices- 
ter, describing the functioning and application of 
their “‘ Tangent ” system of fire detection and alarm. 
The several typical lay-outs described cover those for 
small works, large industrial plants, and installations in 
which a number of detached buildings are to be watched 
from a central station. For private residences, etc., with 
ordinary bell and indicator circuits, the system can be 
incorporated in the existing layout. Generally, the 
warning of the outbreak of fire is conveyed by means 
of an electrical indicator or by the ringing of alarm bells 
in a specific code; the booklet deals with both 
methods. 





NOTES FROM SOUTH AMERICA. 


One of the most encouraging developments in the 
British export drive in Latin America is the increasing 
number of British trade missions which are visiting 
the various Republics to explore the markets for our 
manufactures, particularly capital goods, and notably 
transport and engineering items, etc., for which there 
is likely to be a wide-open market for many years. 
The better-known countries, such as Argentina, Brazil 
and Chile, are more commonly associated in the public 
mind as forming the principal Latin-American markets. 
In fact, however, there are other republics offering 
great opportunities for British trade. It is good news, 
therefore, that a Mission organised by the Council of 
the British Manufacturers of Petroleum Equipment is 
proceeding to the Caribbean area in the hope of captur- 
ing export trade for Britain. Hitherto, most of the 
machinery for the oilfields in this region has been sup- 
plied by North America, but it is hoped that Britain 
will be able in future to play an important part in the 
supply of such machinery. 

he British Treasury Mission has interrupted its 
negotiations in Argentina in order to visit the neigh- 
bouring republic of Uruguay. Sir Wilfrid Eady, 
leader of the Mission, emphasised that the close com- 
mercial ties always existing between Uruguay and 
Britain would be extended to their mutual advantage. 
Pointing out that Uruguay and Britain each produced 
goods which the other needed, Sir Wilfrid referred to 
the great strides in British engineering, which would 
specially interest Uruguay, not only on account of 
quality and design but also of price. On their return 
to Buenos Aires, the British Treasury Mission will 
resume the protracted discussions with the Argentine 
Government regarding future Anglo-Argentine financial 
and commercial arrangements, especially as affecting 
the British-owned railways, and Sir Wilfrid Eady is 
reported to have said that complete agreement would 
be reached eventually. Although Argentina is still 
very short of transport items, engineering supplies, etc., 
the position is gradually improving. Thus, trade 
figures covering the first-half of 1946, just available, 
show that imports of iron and steel and manufactures 
increased to 184,498 tons (from 45,527 tons in the like 
period of 1945) ; non-ferrous metals and manufactures, 
46,173 tons (37,010); machinery and vehicles, 42,158 
tons (6,334); and fuel and lubricants, 2,042,889 tons 
(479,067). Air-transport development is receiving 
special attention, and an official Argentine Air Mission 
left Buenos Aires for Europe on August 1. Also, a 
partly State-owned Company entitled “* Sociedad Mixta 
Zonas Oe6este y Norte de Aerolineas Argentinas ” 
(Z.O.N.D.A.) is being formed, with a capital of ten 
million pesos, to operate internal air services in the 
Central-Western and North-Western Zones of Argen- 
tina, including the cities of Buenos Aires, Cérdoba, 
Mendoza, Salta, San Juan, Santiago del Estero and 
Tucuman, and may later extend its services to Bolivia 
and Chile. Ten Douglas DC-3 aeroplanes have been 
purchased in the United States, and it is proposed to 
purchase five more. 

The authorities of the province of Mendoza have 
submitted to the Argentine Government a proposal 
to build two dams on the River Diamante in San 
Rafael, at an estimated cost of 22 million pesos 
(1,300,0001. sterling); the necessary finance is to be 
provided by the Federal Government. Argentine and 
Uruguayan technical missions will meet in Montevideo 
to study the hydro-electric development of the River 
Uruguay, which forms the frontier between the two 
countries. The proposal is to obtain electricity from 
the falls of Salto Grande. The Argentine Foreign 
Ministry stated that the undertaking would be of 
exceptional magnitude and would compare with the 
largest of its kind in the world. The energy obtained 
was expected to be some 3,500 million kWh per annum, 
representing a saving of 5,000 tons of coal daily. 

A definite stimulus to much-needed imports into 
Brazil will be provided by the recent foreign exchange 
concessions (including a reduction in rates) made 
possible by Brazil’s large and increasing favourable 
trade balance. Over the first quarter of 1946, Brazil’s 
imports of machinery, apparatus, utensils and tools rose 
to Cr.$596 millions (against Cr.$271 millions in the like 
period of 1945); of iron and steel bars, plates, sheets, 
strips, etc., Cr.$108 millions (Cr.$59 millions); of 
motor vehicles, Cr.$192 millions (Cr.$21 millions) ; 
of accessories for motor vehicles, Cr.$57 millions 
(Cr.$18 millions), and of rails, fishplates and acces- 
sories, Cr.$81 millions (Cr.$20 millions). These 
figures indicate a gradual alleviation of the acute 
transport problem, regarding which fresh schemes 
appear almost daily. Thus, the Government-owned 
Central Railway of Brazil is reported to have been 
authorised to order immediately equipment to the 
value of 1,500,000/. from Great Britain and for 
24,000,000 dols. from the United States. Among 
other railway developments, the Sao Paulo Railway 
Company has been authorised to electrify the line 
between Sao Paulo and Jundiai at a cost of about 
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2,300,000/., while the Sorocabana Railway is to con- 
struct a line linking the cities of Sio Paulo and Santos 
at a cost of some 1,500,000/. The Leopoldina Railway 
Company propose to electrify their line between Rio de 
Janeiro and Petropolis, including the installation of 
workshops for assembling and repairing electric trains, 
while the Sao Paulo-Parana Railway Company are 
seeking permission to re-equip their system to meet 
increased traffic. Moreover, in connection with the 
Five-Year Plan of transport and hydro-electric 
development, Brazil has now obtained a credit of 
100 million U.S. dols. from the Export-Import Bank 
of Washington. The transport and public works 
material (value 50 million U.S. dols.) will comprise 
a considerable number of locomotives and wagons, 
as well as material for the local manufacture of wagons, 
rails, steel bridges, machinery for road and railway 
construction, drainage and irrigation works, cranes 
and other port equipment, ships, and postal and tele- 
graph equipment. The remaining credit of 50 million 
U.S. dols. granted for electrification materia] and for 
installing a factory for manufacturing electrical equip- 
ment will be opened in favour of the concerns which 
are to be formed to supply electric power or to manufac- 
ture electrical equipment. The projected drainage, 
irrigation and electrification works are to be under- 
taken in the States of Rio Grande do Sul and Minas 
Geraes and in north-east Brazil. Already, a decree 
of August 2, authorises the Government of the State 
of Rio Grande do Sul to form a limited liability concern 
—denominated Uniio Rio Grandense de Usinas Elét- 
ricas, S.A.—to undertake the production and distribu- 
tion of electricity in Rio Grande do Sul, in accordance 
with the State’s plan of electrification, which was 
approved by the Federal Government in April, 1945. 
The new concern is to have a capital of 400 million Cr.$ 
(say, 5,000,0001. sterling), to be subscribed partly by 
the State and Municipal Governments of Rio Grande do 
Sul and partly by Brazilian-born persons, giving the 
former a voting majority. The first step in the plan 
involves the installation of additional power, calcu- 
lated to produce 220,000,000 kWh of electricity in 
1948. 

Due to the rapid growth of urban population in Rio 
de Janeiro, Séo Paulo and other large cities in Brazil, 
the demand for telephone services cannot be met in full 
at present, owing to the shortage of imported equip- 
ment. According to the most recent statistics avail- 
able, the number of telephones per 100 inhabitants is 
6-6 in the Federal capital and 6-2 in the city of Sao 
Paulo, compared with nine in Buenos Aires, 12-2 in 
London, and 27-6 in New York. The British Chamber 
of Commerce in Saéo Paulo states that, according to an 
estimate of the Brazilian Textile Commission, orders 
for textile machinery to a total of about 201. millions 
have been placed abroad by mill-owners in Brazil but, 
from inquiries made by the Chamber, it appeared 
doubtful whether the orders placed with British manu- 
facturers amounted to half this sum. In fact, it is 
claimed in some quarters that the value of the orders 
so far booked by North American, Swiss and French 
makers is far in excess of the total placed with British 
competitors. Be this as it may, the Chamber com- 
ments that it cannot be said that British textile- 
machinery manufacturers have a free field in Brazil. 
In this connection, it may be mentioned that a local 
Sao Paulo company—Maquinas Piratininga, S.A.—is 
producing machinery for local cotton mills, including 
blow-room machines, i.e., automatic hopper feeders, 
porcupine openers and vertical or Crichton openers, 
as well as carding engines, all based on Swiss types. 
The same concern will be turning out scutchers within 
the next twelve months, and other machines, such as 
drawing frames, speed frames and ring frames, within 
eighteen months or so. Owing to the long-delayed 
delivery in the case of foreign-made machinery, it is 
understood that many orders are being placed with 
the Séo Paulo manufacturer. 

At a recent meeting of the Commercial Association 
of Rio de Janeiro it was stated that North American 
manufacturers of iron and steel were eight to twelve 
weeks in arrears with their deliveries to Brazil in June, 
and even more at the present time. The figures of 
tonnage imported did not show the real position, which 
was that imports had consisted of large quantities of a 
relatively small number of types but very little of a 
wider range of varieties, the result being that there 
existed stocks of thick sheets but a complete scarcity 
of thin sheets, tubes and tinplate, which meant that 
certain Brazilian industries were threatened with a 
stoppage due to lack of raw materials. Great Britain, 
Sweden, Belgium, Switzerland and France were offering 
products for relatively earlier delivery than United 
States suppliers, but their prices were generally much 
higher. Brazilian ceiling prices for imports were 
based on United States ceiling prices for exports and, 
in consequence, Brazilian importers, in many cases, 
were unable to do business on the basis of European 
prices. Brazil was, therefore, faced with the alterna- 
tive of maintaining ceiling prices for imports at the 
existing levels and having to wait some time for 





larger arrivals of United States goods, or of revising 
ceiling prices upwards in order to obtain earlier de- 
liveries of European goods. Since the public preferred 
to pay more and obtain the goods rather than to do 
without them because of recent prices, the adoption of 
the latter course was to be recommended. Therefore, 
the Commercial Association has petitioned the Federal 
Council of Foreign Trade for an immediate revision of 
Brazil’s official prices for imported goods, in order that 
importers may be able to buy European goods and sup- 
ply national markets which are experiencing an acute 
shortage of certain products, particularly iron and 
steel for construction, 

The Government of Peru propose to contract a loan 
of up to 30 million U.S. dols. from the Export-Import 
Bank of Washington to be employed exclusively on 
industrialisation plans, works and services which are 
self-liquidating, or for the purchase of machinery and 
materials necessary for carrying out such undertakings. 
In Chile, also, the official Development Corporation 
have applied to the Export-Import Bank for a loan of 
five million U.S. dols., partly to purchase railway equip- 
ment and transport vehicles for Santiago. Represen- 
tatives of Messrs. Yarrow and Company, Limited, of 
Glasgow, recently visited Chile with the object, it is 
understood, of studying the possibility of supplying 
some of the new ships required by the Chilean mercan- 
tile marine. The Chilean State Railways have an- 
nounced the intention to embark upon a six-year plan 
of replacements involving an expenditure of 1,100 mil- 
lion pesos and 60 million U.S. dols. (in all, approxi- 
mately 25,000,0001.). Meanwhile, the State Railways 
are reported to have purchased the following equipment 
in the United States :—1,250 wagons, two Diesel-engine 
locomotives, parts for six steam locomotives to be 
assembled at the San Bernardo works, 29,351 tons of 
tails, 12 locomotives, and parts for the construction of 
three more engines for use in the South, 12 electric 
locomotives, four sets of generators, and other mate- 
rial. ; 

A Chilean company—Manufacturas de Cobre S.A.— 
in which the official Development Corporation has a 
large holding of shares, is planning to increase its output 
of copper tubes, sheets, wire, etc., with a view to 
exporting these products to Europe. So far, sales 
abroad have been made chiefly to neighbouring coun- 
tries, but additional machinery, to the value of 
1,500,000 U.S. dols., has been acquired in the United 
States, and delivery is expected shortly. The Chilean 
Government have appointed a Commission to study 
the situation of electric-power supplies, and, as part 
of the general electrification plan, which is under the 
control of the official Development Corporation, con- 
struction is to start on a new hydro-electric plant, about 
40 miles from Ovalle, to supply the needs of La Serena, 
Coquimbo, Ovalle, Andacollo and Punitaqui. This 
undertaking is expected to cost 100 million pesos and 
will take three years to complete. Plans are well 
advanced for the proposed construction of an oil 
refinery near Valparaiso, at an estimated cost of 
10 million U.S. dols. The plant will be designed for a 
capacity of 10,000 barrels daily, and will be used to 
Tefine imported oil uatil the production from the new 
Punta Arenas oilfields becomes available. Tenders 
have been called, up to September 23, for supplying the 
following machinery for use at the port of Valparaiso : 
eight winches with Diesel motors on tracks; three 
40-ton Diesel-electric locomotives ; and three electric 
cranes. It is understood that twelve modern cranes 
will be required later. 





Srocks oF TIN IN UNITED Kinepom.—<According to 
figures issued by the Ministry of Supply, stocks of tin 
in the hands of the Ministry totalled 10,989 tons on July 1. 
During the month ending July 31, the production of the 
metal aggregated 2,706 tons, and 4,037 tons were deli- 
vered—2,203 tons for consumption in the United King- 
dom and 1,834 tons for export, leaving stocks, on July 31, 
of 9,658 tons. The stock of tin ore in the United King- 
dom on July 1, expressed in terms of metallic tin, was 
7,753 tons. The corresponding figure for July 31 was 
6,935 tons. 





POWER-CABLE HANDBOOK.—A well-illustrated booklet 
dealing with the manufacture of power cables, and giving 
full statistical data regarding the various types produced, 
has been issued by Standard Telephones and Cables, 
Limited, North Woolwich, London, E.16. After a few 
preliminary notes regarding the organisation that renders 
this production possible, the various manufacturing 
operations and methods of laying are briefly described. 
The greater part of the booklet, however, is taken up 
with data on paper-insulated cables for voltages up to 
22 kV for use for electricity supply, for similar cables 
for voltages up to 6-6 kV for use in mines, and on 
varnished-cambric insulated cables for voltages up to 
11-kV. Super-tension cables are also dealt with, as are 
power cable joints and terminations. In a separate 
section, there are a number of conversion and other tables 
of general utility. 





THE MILES *“ MARATHON”? CIVIL. 
TRANSPORT AIRCRAFT. 


DESIGNED and constructed by Messrs. Miles Aircraft 
Limited, Reading, who were selected by the Govern. 
ment to build one of the types of aircraft to require. 
ments specified by the oe ial Committee, the Miles 
““ Marathon ” represents a new type of medium-sized 
passenger and freight air liner. With the resumption 
and development of world-wide civil air transport since 
the war, it is essential that, to ensure profitable opera. 
tion and comfortable travelling conditions, aircraft must 
be designed for the specific requirements of the duty, 
route and distance flown, and, in this connection, it js 


important to remember that the maximum density 
of passenger travel on air services as a whole occurs 
within distances from 200 to 750 miles. In the 


Marathon, the makers claim to have produced an 
aeroplane which not only meets the present-day operat- 
ing requirements for this distance range, but is also a 
machine which will maintain its suitability and effi- 
ciency for some years to come. 

The general appearance of the aircraft is illustrated 
in Figs. 1 and 2, opposite, from which it will be seen 
that an orthodox and practical design has produced a 
machine of exceptionally clean and pleasing lines, 
Built in accordance with the Brabazon VA requirements, 
the Marathon is an all-metal, stressed-skin, high- 
wing monpolane, powered by four Gipsy Queen engines 
and fitted with a retractable tricycle undercarriage 
and twin rudders. Though primarily designed for 
passenger and luggage transport, the machine may be 
used alternatively for freight only, the cargo being 
carried in the main cabin space. The high-wing 
arrangement provides an unobstructed cabin floor 
and allows a clear view below for the passengers during 
flight. The engines are slung below the wing, which 
simplifies accessibility and removal, and gives an 
uninterrupted upper surface along the whole span of 
the wing. Compared with a twin-engined arrangement, 
four units of the same total power provide the greatest 
possible margin of safety in the event of engine failure, 
and the increase in initial cost is compensated by this 
increased safety factor. Few twin-engined aircraft, 
however powerful, can maintain safe flight if one 
engine fails just as the machine is leaving the ground, 
but with four engines the makers claim that the 
Marathon can maintain flight after take-off even 
if two engines fail. In the layout of the fuselage 
compartments, comprising the pilot’s cabin, the main 
cabin, with soundproofing and air-conditioning, lug- 
gage holds and lavatory, special care has been given 
to provide maximum comfort for passengers and 
crew. 

The main cabin has comfortable seating capacity 
for 14 to 18 passengers, and by reducing the size of the 
after freight hold, a conversion which can be carried 
out in a few minutes, two more seats can be fitted. 
This cabin is 18 ft. long by 7 ft. 9 in. wide and has a 
mean height of 6 ft.2in. The entrance door, 5 ft. 4 in. 
by 2 ft. 6in., is on the port side, and there are nine win- 
dows, each | ft. 7in. by 1 ft. Lin. For freight carrying 
purposes only, the total volume of the cabin, 774 cub. ft., 
can be made available, and the floor, which is only 
2 ft. 5 in. from the ground, is designed for concentrated 
loads. The whole cabin is air-conditioned and thermo- 
statically controlled to provide an equable and com- 
fortable internal temperature against external extremes, 
and the makers claim that even with an outside tem- 
perature of — 15 deg. F., the temperature inside the 
cabin can be maintained at 65 deg. F. Under tropical 
conditions, a comfortable internal temperature is also 
obtained, and a connection is provided so that when 
the aircraft is on the ground embarking passengers, a 
portable air-conditioning plant can be attached, to 
supply cool airto the cabin. If required, the cabin dan 
be pressurised to a differential pressure of 2$ lb. per 
square inch. Lavatory accommodation is provided at 
the after end of the cabin and is serviced from outside. 
The crew’s cabin is arranged with two side-by-side seats 
and full dual-control, and there is space available for a 
third seat if it should be considered necessary to carry 
a crew of three. From his seat, the pilot can see the 
ground 12 ft. away from the nose of the aircraft and 
he has full vision through an are of 210 deg. without 
opening the side windows. The control column is of 
the “spectacle” type, working on a push-and-pull 
column into the dashboard. The latest types of radio 
communication and navigational aids are _ incor- 
porated and provision is made for fitting an automatic 
pilot. Large windscreen wipers are fitted and a Glycol 
spray prevents ice formation and ensures maximum 
visibility in bad weather. The cabin has its own door 
on the port side, and a communicating door to the main 
cabin. Luggage holds are situated at each end of the 
main cabin. The forward hold has a capacity of 
104 cub. ft. with a door 2 ft. 6 in. by 2 ft. 6 in., and a 
part of this hold can be arranged to suit conditions for 
the carriage of diplomatic mail. The after hold is 
designed for a load of 1,644 Ib. and has a capacity of 
164 cub. ft., with a 3 ft. 1 in. by 3 ft. 6 in. door. 
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The four de Havilland supercharged and geared , there is a separate emergency air supply. The makers 
Gipsy Queen type 71 engines develop 330 h.p. each|claim that, when the Marathon is fully loaded and| bird Transatlantic air route has been reopened, and 
and drive airscrews of the full feathering type with | the flaps are in the take-off position, the aircraft leaves | services for New York are due to leave London at 9 p.m. 
the ground in a distance of 400 yards, and that in a| every Monday, Wednesday, Thursday and Saturday. 


reversible pitch control. The engine mountings, 
which are of steel tube, are designed so that a complete 
power unit can be changed quickly without disturbing 
any item aft of the firewall, and the arrangement allows 
for the installation of alternative radial engines, such 
as the Armstrong-Siddeley Cheetah or the Alvis 
Leonides, without major redesign of the wing. The 
development of gas turbines has also been taken into 
account in the design of the Marathon, and in the 
event of these power units supplanting the ordinary 
petrol engine, it will be possible to install two such 
turbines, of about 1,000 h.p. each, in the aircraft. The 
Gipsy Queen engines are fitted with electric starting, 
and to avoid taking petrol pipes into the fuselage, 
they are provided with remote-control priming. 
Mixture control is automatic and all induction parts 
are oil heated to prevent ice formation. The standard 
fuel tank capacity is 240 gallons, but extra tankage 
can be provided at the expense of pay load. The 
tricycle undercarriage, shown in Fig. 1, is of simple 
and strong design, and was adopted because it demands 
the minimum of skill in landing and taking off, and 
also gives the pilot the best view when the aircraft is 
on the ground. This feature also provides a level cabin 
floor for the entry and exit of passengers and enables 
the aircraft to maintain a level keel when taxy-ing, 
taking off or landing. The undercarriage is fully 
retractable under pneumatic operation, and twin 
wheels are fitted to the main legs. Special care has 
been given to the design of the retraction gear and in the 
event of a fault in the pneumatic system, the under- 
carriage can be lowered by releasing mechanically- 
controlled locks. The units then descend by gravity, 
with assistance from the airstream, and lock them- 
selves in the down position. To obtain a high lift 
coefficient for short take-off and landing runs, the 
Marathon is fitted with Miles retractable auxiliary 
aerofoil flaps. They are pneumatically operated, and 
in the event of the normal pneumatic system failing, 





further 200 yards it has gained a height of 50 ft. Full 
de-icing equipment is provided. Ice accretion on the 
wing is prevented by means of hot-air ducts along the 
leading edge, and also towards the trailing edge, thus 
preventing the aileron, hinges and controls from 
becoming icebound. In accordance with the latest 
de Havilland practice, the airscrews and carburettors 
are kept free from ice by using glycol for the airscrew 
and oil heating for the induction system and throttle. 
Freezing of the pneumatic system is prevented by 
mixing another gas with the air, and a special lubricant 
is used in the rams, to ensure efficient operation under 
low-temperature conditions. 

The Miles Marathon has a span of 65 ft. 0 in., a 
length of 52 ft. 1 in., and a height of 13 ft. 9in. Asa 
passenger aircraft, its tare weight is 11,200 lb., and as a 
freighter this weight is reduced to 10,260 lb. With a 
normal payload of 3,600 lb., comprising 18 passengers 
and 540 lb. of luggage, or as a freighter carrying a 
payload of 4,540 Ib., it has a still-air range of 500 miles, 
but with the payload reduced to 2,725 lb. the range is 
increased to a maximum of 1,000 miles and the all-up 
weight of the aircraft is 16,240 lb. The initial rate 
of climb is given as 1,550 ft. per minute, with a maxi- 
mum speed of 230 m.p.h. at 6,300 ft. and a service 
ceiling of 24,000 ft. 





EXHIBITION OF PHOTOGRAPHY.—The 9ist annual ex- 
hibition of photography, organised by the Royal Photo- 
graphic Society of Great Britain, 16, Princes-gate, Lon- 
don, S.W.7, will be opened at the Science Museum, 
Exhibition-road, S.W.7, at 3 p.m., on Saturday, Septem- 
ber 14, and will be continued until Saturday, October 26. 
The exhibition will be open to the public from 10 a.m. 
until 8 p.m., from Monday to Friday; from 10 a.m. until 
6 p.m., on Saturdays, and from 2.30 p.m. until 6 p.m. 
on Sundays. 





TRANSATLANTIC AIR SERVICE.—The B.O.A.C., Speed- 


CALLENDER-HAMILTON BRIDGES.—The construction of 
the Callender-Hamilton bridge of interchangeable basic 
units is illustrated in a wide variety of applications in 
an explanatory booklet recently issued by Messrs. 
British Insulated Callender’s Cables, Limited, Norfolk- 
street, London, W.C.2. Apart from the more standard 
level roadway type for a number of different loads and 
duties, the booklet shows that the principle is equally 
adaptable to arched girder bridges with easy approach 
and crossing gradients. A large number of bridges as 
erected abroad are illustrated, these being manufactured 
by local firms to instructions and jigs provided, so that 
complete interchangeability results. In England, manu- 
facture has been chiefly carried out by Messrs. Painter 
Brothers, Limited, Hereford. A brief account of the use 
of the bridge during the war is included in the booklet. 


AIRSCREW AXIAL-FLOW Fan Data.—An illustrated 
description of a transparent-plastic wind tunnel used by 
Messrs. The Airscrew Company, Limited, Grosvenor- 
gardens House, Westminster, London, S.W.1, for testing 
various forms of ventilating fans and model aircraft pro- 
pellers was given in ENGINEERING, vol. 157, p. 247 (1944), 
but since this dealt mainly with construction, it may be 
supplemented by a note indicating where data of its 
operation may be found. These are contained in an 
interesting illustrated brochure recently issued by the 
firm under the title, “‘The Aerodynamic Design and 
Testing of Airscrew Axial-Flow Fans.’’ The brochure 
contains, among considerable descriptive matter, sections 
dealing with losses in a fan system, the energy conversion 
mechanism of a fan, aerodynamic design for a specifica- 
tion, the handling of wind-tunnel test results, etc., and 
constitutes a useful contribution to the literature of the 
subject. 
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LABOUR NOTES. 


Styce the London Passenger Transport Board’s 
announcement that it had signed an agreement with 
the Section of the Transport and General Workers’ 
Union catering for certain grades of its tram and bus 
employees, demands for the “closed shop” and 
kindred concessions in other services and industries 
have, as was not unexpected, appreciably increased. 
Moreover, the issue has become rather complicated, 
as differences are developing not only between principal 
trade unions that are affiliated to the Trades Union 
Congress and smaller organisations of workers that 
are not, but also between important affiliated trade 
unions. Mr. Lawther, for example, has stated that 
the National Union of Mineworkers intend to apply to 
the Coal Board for a “closed shop” claim; if that 
means that the miners hope to be the exclusive negotiat- 
ing body for the industry as a whole, other craft unions 
like the Amalgamated Engineering Union, with mem- 
bers employed in or about the pits will, no doubt, have 
something to say about the business, especially as, with 
an increase in the mechanisation of coal-getting, their 
mine-working members are certain to increase. The 
interests of other craft unions are also, of course, pro- 
spectively affected. , 





Although the trouble in the air transport industry 
is not specifically on the “‘ closed shop ” issue, the craft 
unions are also affected by it. Here, an unaffiliated union, 
the Aeronautical Engineers’ Association, the members 
of which “ service ” the aircraft operated by the three 
big British Corporations applied for official recognition 
by the employers. The Association is not affiliated to 
the Trades Union Congress, whereas six other organisa- 
tions are, and have agreements on wage rates and work- 
ing conditions with the Corporations. The Corpora- 
tions were, therefore, at the critical moment, placed 
in the delicate and difficult position that if they 
officially recognised the Association, there would be 
trouble with the craft unions, and if they rejected the 
application the members of the Association would 
cease work. 

On the record of the discussions over the trouble at 
Smithfield, the representatives of the» Wholesale 
Provision Workers’ Branch of the Transport and 
General Workers’ Union were not particularly concilia- 
tory negotiators ; but their grievances, whatever they 
are, will, no doubt, be adequately ventilated by the 
Court which the Ministry of Labour and National 
Service has set up under the chairmanship of Sir John 
Forster, K.C., to inquire “whether there are any 
causes of industrial unrest among the workers con- 
cerned likely to affect the future smooth and efficient 
running of the market.” 





In the course of an address to Scottish members of the 
Transport and General Workers’ Union, on Friday last, 
Mr. Arthur Deakin, the general secretary, said that the 
question of the “‘ closed shop ” was not an issue before 
the trade union movement at this time. The Trades 
Union Congress over a number of years had consis- 
tently rejected adoption of the “ closed shop ”’ principle. 
The unions were anxious to maintain the fullest liberty 
of the individual; but, he added, that did not mean 
licence for those who, “ for selfish or disruptive pur- 

” sought to destroy existing organisation and 
joint negotiating machinery. 





Speaking at Plymouth, Mr. Charles Dukes, general 
secretary of the National Union of Municipal and 
General Workers and this year’s chairman of the 
Trades Union Congress General Council declared that 
the “closed shop” was a bulwark against industrial 
anarchy. He was not unmindful, he said, that the 
question of liberty was involved. Nevertheless, he 
continued, we cannot have all the advantages of a 
highly organised industrial system and allow dissident 
elements to pursue their own selfish ends. Far-seeing 
employers were now applying their minds to the 
problem and inclining more and more to the point of 
view that peace in industry, stability of employment, 
and ultimately a higher standard of life for the people, 
depend upon the application of the “closed shop” 
principle. 

Over 7,000 members of the Constructional Engin- 
eering Union are to receive appreciable wage increases 
under an award of the National Arbitration Tribunal. 
They are to receive an increase of a penny an hour. 
In addition, a scale of extra allowances is laid down for 
working at heights of over 100 ft. on any type of struc- 
ture ; hitherto the practice has been to make individual 

ments with firms on special structures only. 
Travelling and ration allowances are also improved. 








The dairy workers employed by London Co-operative 
Societies who were recently on strike in support of a 


decided at a meeting last week to accept terms of 
settlement arranged at a conference called by the 
Ministry of Labour and National Service. The terms 
are based on the provisions in the national agreement for 
distributive workers which provide for a minimum rate 
of £4 19s, 6d. for a 44-hour week, time and a half for 
night work and a guaranteed two hours overtime for 
all inside workers. The original demand of the strikers 
was for a minimum wage of £5 8s. for a 44-hour week, 
with time and a half for night work and double pay for 
Sundays and Bank Holidays. 





Addressing a delegate meeting of Scottish members 
of the Transport and General Workers’ Union at Edin- 
burgh on Friday last, Mr. Arthur Deakin, general 
secretary of the organisation and a member of the 
General Council of the Trades Union Congress, said 
that the T.U.C. did not intend to become part of any 
State machinery for the regulation of wage policy. 
Trade Unionists believed, he declared, that the strength 
of their movement lay in its independence. In 1940 the 
Congress had rejected a Coalition Government invita- 
tion to co-operate in a policy of wage stabilisation. 





‘ 


At a sitting, last week, of the Court set up by the 
Ministry of Labour and National Service to inquire 
into the application of the Printing and Kindred Trades 
Federation for a 40-hour working week and an increase 
in the number of paid holidays, Mr. B. M. Cloutman, 
K.C., representing the British Federation of Master 
Printers, said that to grant the demand would only 
result in the paying of overtime. The short answer of 
the employers was, he added, that the mounting arrears 
of work in all branches of the industry made the claim 
impracticable. Overtime would have to be paid, 
because it was not possible to obtain the additional 
men who would otherwise be required. Dealing with 
an allegation that “the industry was wallowing in 
antiquated methods,” he expressed the opinion that it 
was wrong to suggest that modern machinery would 
soon dispose of the arrears of work. 





Mr. Edward Barrow, managing director of Messrs. 
Thomas Forman and Sons, Ltd., Nottingham, said 
that his firm were having to refuse four or five important 
orders a day through inability to recruit additional 
efficient staff. Reduction of the week’s working hours 
by one ninth would mean a reduction of more than one 
ninth in output. He agreed that working conditions 
had some relation to absence of employees through ill- 
ness. Machinery replacements, overdue on account of 
the war, would take four or five years to carry out. 
The Government were compelling makers to send 
mavhinery abroad instead of supplying firms at home. 


At a later session of the Court Mr. Samuels, counsel 
for the P.K.T.F. asked Mr. Maurice Clowes, managing 
director of Messrs. William Clowes, Ltd., Beccles, 
whether he thought that he, as an employer, was a 
better judge of what the men wanted than their union. 
Replying, Mr. Clowes said he believed that a man who 
had run a firm for 43 years to the contentment of his 
men was a better judge than a union official of two or 
three years’ standing. Of the claims before the Court 
he said that the situation of the country was “too 
desperate to play about with these experiments.” 





Mr. F. A. Prince, manager of the Twentieth Century 
Press, which is run by a group of trade unions, said 
that, with a 40-hour week, production had been 
increased by 4 per cent., and absenteeism, formerly 
15 per cent., was non-existent. 


Mr. Sidney Brown, manager of a factory owned by a 
large London and provincial firm, gave evidence con- 
cerning arrears of work, amounting to four or five 
months, in their establishments. Since the introduc- 
tion of the overtime ban by the unions, there had been, 
he said, a decrease of 6001. a week in the wages bill. 
Production of the Southern Railway winter time- 
table was two weeks’ late and would be running a 
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GAS CARBURISING.* 
By Ivor Jenxrns, M.Sc. 


Tue carburisation of iron and steel in gas is by no 
means of recent origin, although industrial development 
of the process in this country has been slow. In 1879, 
J.C. Ramsden patented a process for the cementation of 
iron either by gas produced from hot charcoal soaked 
in a solution of potassium carbonate, or by ammonia 
preheated over hot charcoal. A few years later, Krupp 
and others —_ the carburisation of armour plate 
in various hydrocarbon mixtures, while the mainten. 
ance of a flow of hydrocarbon gases through a carburis. 
ing compound was also advocated. Mixtures of am- 
monia and hydrocarbons were also used, but the first 

ale industrial application of gas-carburising 
followed the taking out of a number of patents by 
A. W. Machlet and led to the introduction in America, 
in 1910, of a horizontal rotating retort furnace for the 
carburisation of various small machine parts in an 
atmosphere of pure hydrocarbon, coal gas, or oil, some- 
times diluted by bubbling it through a solution of 
ammonia in water. The publication, shortly afterwards, 
of Giolitti’s book on the Cementation of Iron and Steel+ 
indicated the possibilities of carburising in hydrocarbons 
diluted with inert gases to minimise soot-formation due 
to decomposition of the carburising gas. 

This principle has formed the basis of most of the 
subsequent development work on processes suitable for 
industrial application, but it is only in recent years, 
since the rapid growth of controlled-atmosphere pro- 
cesses, that any real advance has been made. In this 
respect, probably because of the ready availability of 
industrial gases high in hydrocarbons, American prac- 
tice has progressed far beyond that at present obtaining 
elsewhere, and the American Society of Metals sym- 
posium of 1937, on “‘ Carburising,”’ outlining the pro- 
cesses in use in that country, is a most valuable contribu- 
tion to this very important subject. 

Apart from the work of Giolitti, and more recently 
that of A. Bramley and his co-workers, who studied the 
cementation of iron in pure and carburetted carbon 
monoxide, during the years 1926 to 1929, there have 
been very few publications dealing with the carburising 
properties of pure and complex gas mixtures which are 
suitable for use on am industrial scale. The present 
paper gives the results of an investigation which has 
been carried out over a period of years at the Research 
Laboratories of the General Electric Company, Limited, 
into the development of industrial carburising atmo- 
spheres. 

In solid carburising, the reactions whereby carbon is 
transferred to the steel are essentially gaseous. The 
generally accepted view is that carburisation is pri- 
marily effected by carbon monoxide, generated by a 
reaction between the charcoal and the air occluded in 
the carburising container. 

In gas-carburising processes the carbon is supplied 
by the decomposition of a gaseous carbon compound 
rature of 
treatment or is present in excess of its equilibrium con- 


centration with respect to the products of its dissocia- 
tion. Thus, in the case of methane, it is necessary to 
consider the equilibrium relationship for the reaction 
C + 2H, = CH, to ensure that, at the temperature of 
treatment, the methane concentration is in excess of 
the equilibrium value with respect to hydrogen, in order 
that carburisation may be promoted by the decom- 
position of the excess of the hydrocarbon. 
carbons such as propane and butane, however, are 
thermally unstable above approximately 500 deg. to 
600 deg. C. and tend to dissociate to the basic methane, 
setting free nascent carbon which is either absorbed by 
the steel or collects as sooty deposit : 


Hydro- 


C,H, = 2CH, + C 
2CH, = 2C + 4H, 
The end product, methane, is also a carburising gas, 


although its rate of decomposition is comparatively 
slow. Hydrocarbon gases are reducing and, provided 
that the rate of deposition of the carbon does not exceed 
that at which the carbon is absorbed by the steel, clean 
carburised work should be obtained. The degree of 








week late for every week the embargo was maintained. 


Continuing, Mr. Brown said that 70 tender forms 


for the printing of the new Old Age pension books 
had been sent out by the Government but not one 
reply was received from any master printer. The 
responsible Government Department had appealed 
to his firm to undertake the work and the firm had 
accepted it under protest rather than let the public 


sooting is determined by the concentration of the 
hydrocarbon in the carburising atmosphere, and this 
may be reduced by dilution with suitable media, such 
as air or a prepared burnt fuel gas. Dilution of the 
hydrocarbon in this way reduces the tendency to soot- 


ing by promoting reactions between the decarburising 
gases, such as carbon dioxide, water vapour, hydrogen, 
and oxygen, and the hydrocarbon gas or the deposited 
soot. 


The concentrations of the decarburising gases thus 





down by not having the pension order books in time 
for issue by October. Since the introduction of the 
overtime embargo, they had had to ask the Stationery 
Office to assist them and instead of making up the 
pension order books as a whole, they were making 
them up for 13 weeks only, so that supplies might be 


* Communication from the staff of the Research 


Laboratories of the General Electric Company, Limited, 
Wembley, to be presented at the annual autumn meeting 
of the Iron and Steel Institute in London on Wednesday 


and Thursday, November 13 and 14, 1946. Abridged. 








claim for higher wages and improved conditions, 





available for people entitled to draw the pension. 


+ McGraw Hill Book Co., Inc., New York, 1915. 
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influence the sooting tendenties of the carburising 
atmosphere, but precautions must be taken to ensure 
that decarburisation of the steel is not also obtained. 
Conditions for non-sooting are also affected by the 


temperature of treatment and by ‘the nature of the 
steel, particularly in regard to alloy additions; for 
example, nickel catalytically promotes the decom- 
position of hydrocarbons at elevated temperatures. 
In continuous electric furnaces, where the heating 
elements may be exposed to the carburising atmosphere, 
the excessive accumulation of soot on the elements may 





MACROSTRUCTURES OF CARBURISED CARBON STEEL. x 3. 


lead to attack of the resistors and to short circuits, 
while refractory furnace linings may disintegrate owi 
to the precipitation of carbon in the pores of the bricks. 
Sooting of the work being treated can also adversely 
affect the uniformity of the carburisation, and may even 
suppress the reaction completely. 

Finally, in the consideration of any gas-carburising 
process it is necessary to bear in mind that carburisation 
is essentially a surface-reaction process. Irrespective 
of the nature of the carburising gas, the atomic or 
nascent carbon is produced at the surface of the iron 


tr 









Sr Dies 


YRC OR SS 
eT YS te) Pi 


&S 


@ees5.c) “ENCINErRING” 


and not internally by the decomposition of the gas after 
diffusion. Researches into gas-metal reactions and 
diffusion processes have shown that a complex molecule 
is inc le of diffusion through a solid metal, except 
through large rifts or like defects in the structure. It 
may dissociate, however, into its individual atoms upon 
adsorption on the metal surface, and atomic diffusion 
of the elements comprising the molecule may take 
place. Thus, in the case of carburisation by carbon 
monoxide, the primary reaction is the dissociation of 
the molecule of the gas at the surface into free carbon 
and oxygen atoms, the former being readily absorbed 
by the steel at the carburising temperature. Oxygen 
diffuses at a slower rate than carbon, so that most, if 
not all, of the atoms of this gas left free on the surface 
of the steel combine with another molecule of carbon 
monoxide or of any other reducing gas present. Some 
nee pm of oxygen may also be obtained, especially 
in solid carburising, but in atmospheres free from 
oxygen-containing gases, the reaction at the surface 
of the steel is solely that of adsorption and diffusion of 
the atomic carbon set free by the dissociating gas. 

The following three representative case-hardening 
steels were used for the experiments: low-carbon 
case-hardening steel (0-15 per cent. carbon); 3 per 
cent. nickel case-hardening steel (0-16 per cent. carbon, 
3-17 per cent. nickel, 0-07 per cent. chromium); and 
nickel-chromium case-hardening steel (0-13 per cent. 
carbon, 3-18 per cent. nickel, 1-10 per cent. chro- 
mium). In the majority of the experiments the steel 
being carburised was in the form of round bars 150 mm. 
long, turned down accurately between centres from 
12-5 mm. to 10 mm. diameter in order to remove any 
decarburised skin. The bars were ground to a smooth 
and bright surface finish. Flat mild-steel plates, 
40 mm. by 12 mm. by 3 mm. thick, ground to a smooth 
finish on No. 0 emery cloth, were used for a limited 
series of experiments with butane and with a specially 
treated burnt town-gas atmosphere. Before treatment, 
every specimen was degreased in acetone and dried in 
ether, and the increase in weight resulting from the 
carburisation was related to the surface area of the 
specimen. 

Carburisation of the flat mild-steel plates was carried 
out in a butt-ended silica tube, ? in. in diameter, 
heated in a thermostatically-controlled vertical-tube 
furnace, shown in Fig.-1, on this page. The steel 
specimen a was suspended freely on a piece of Nichrome 
wire from the head of the tube, which could be removed 
from the furnace for quick cooling. Carburising gas 
was introduced by tube 6 near the bottom of the 
reaction tube, just below the specimen, and was led off 
and burnt at the top of the tube c, the gas flow being 
indicated on a suitable orifice gauge; d indicates the 
connections to the thermocouple. 

For experiments on the round bars, use was made 
of a horizontal tube furnace, shown in Fig. 2, accom- 
modating three silica tubes, each of # in. internal 
diameter, and thus three tests could be carried out 
simultaneously at a constant temperature, under dif- 
ferent conditions of gas flow or time of treatment, etc. 
In Fig. 2, which shows longitudinal and cross-sections 
of the furnace, the steel specimens are seen at a, the 
gas inlets at b, and the gas outlets atc; dis the connec- 
tion to a central thermocouple. The furnace was 
thermostatically controlled to within + 3 deg. C. of the 
required temperature, and in all tests the direction of 
the flow of gas over the specimen was reversed half-way 
through the carburisation period. In order to ensure 
uniformity of carburisation, the steel specimen ' was 
located centrally in the furnace tube on a silica support, 
which gave only point contact with the steel. 

The carburising properties of two types of atmo- 
spheres, namely, the hydrocarbon-rich type and that 
containing little or no hydrocarbon gas and ‘approxi- 
mating to the atmosphere which experiments show is 





to be found in a pack-carburising box, have been 
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Fie. 6. Microstructures OF CARBURISED CARBON STEEL. x 100. 


investigated.. The hydrocarbon-containing gases have 
included town gas, butane, and propane, and a study 
has been made of the effect of diluting these gases with 
inert or decarburising agents for the purpose of reducing 
sooting of the work, while maintaining a high rate of 
carburisation. The carburising atmospheres not con- 
taining hydrocarbons were specially prepared in genera- 
tors typical of those used industrially for controlled- 
atmosphere production. The following is a summary 
of the various carburising and diluting atmospheres 
used in the experiments. Carburising gases.—({a) town 
gas; (b) butane; (c) propane; (d) partly burnt town 
gas, reheated over hot charcoal; (e) rich town-gas-air 
mixtures pretreated over hot charcoal; and (f) an 
atmosphere produced by the action of steam on hot 
charcoal. Diluting gases._(a) air; (b) partly burnt 
town gas; and (c) partly burnt town gas, reheated 
over hot charcoal. 

The temperature of carburisation selected, in, the 
majority of the tests, was typical of industrial practice 
for the steel in question. Thus, while the carburisation 
of the mild steel in the partly burnt town-gas atmo- 
sphere, pretreated over hot charcoal, was studied at 
temperatures ranging from 750 deg. to 950 deg. C., 
the work with hydrocarbon-containing atmospheres 
was carried out at 925 deg. C. Both the alloy steels 
were carburised at 900 deg. C. Among the factors 
studied were the composition of the carburising 
atmosphere, the rate of flow of the carburising gas, the 
time of treatment, and the surface condition of the 
steel before carburisation. 

The d of carburisation was determined in a 
number of ways: (1) by measurement of the increase 
in weight of the steel per unit area of surface; (2) by 
chemical determination of the carbon content of the 
marginal layers of the carburised steel ; (3) by metallo- 
graphic estimation of the depth of the case; and 
(4) by depth-hardness measurements on the quench. 
hardened carburised steel. 

Chemical analysis of samples turned off the steel 
surface gave the average carbon content over a depth 
of 0-005 in. Before turning, the surface was lightly 


polished with fine emery to remove any films of oxide 
or free carbon. 


For accurate analysis it is necessary 








to have a sufficient weight of sample for duplicate 
tests, and this may be obtained only from a specimen 
of sufficient diameter or length. In the experiments 
described in this paper, these conditions have been 
fairly well satisfied, and the analyses quoted in the 
tables are considered to be accurate to within 0-005 
per cent. of carbon. On the other hand, the results 
lose a little of their significance because of the difficulty 
encountered in taking accurately measured cuts from 
bars which may have warped slightly in carburising. 
In this respect the results are taken to be representative 
of the average carbon content of a marginal zone 
0-004 in. to 0-006 in. deep. ' 

Hardness measurements on a taper-ground, quenched 
specimen serve to illustrate both the surface carbon 
content and the depth of case. However, the test is 
liable to error, mainly associated with the method and 
the efficiency of the quenching operation, and it is 
influenced considerably by the nature and size of the 
test specimen. The hitman element has probably a 
much greater effect on the results obtained by this 
method of test than on those obtained by any other 
of the methods deseribed, and the test has not been 
used to any great extent during this investigation. 

Metallographic examination of the carburised and 
non-hardened steel gives @ very satisfactory, though, 
approximate, indication of both the surface carbon 
content and the depth of case, and reveals any inequali- 
ties in the carburisation .which are not shown by the 
other methods of examination... The accurate deter- 
mination of the case-core boundary is difficult, however, 
since it is not sharply d Accordingly, the case 
depths quoted in the paper are those measured to a 
depth at which the estimated carbon content of the 
steel is, of the order of 0:3. per.cent.\to 0-4 per cent. 
Estimation, of the, surface carbon content by metallo- 
gtaphic examination necessitates reference to standard 
structures of known carbon content and can, therefore, 
be only approximate. 

The change-in-weight, method can be carried out 
with great, aceuracy, provided that the surface of the 
specimen is not contaminated by oxide and/or free 
carbon. In experiments described in this paper many 
of the, test-specimens were either oxidised or sooted. 
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In the latter case, the excess of soot was brushed off 
leaving merely a thin adherent film of negligible weight. 
which introduced an error considered not to exceed 
1 percent. Specimens which were oxidised after treat. 
ment were heated in dry hydrogen at 600 deg. C. before 
weighing. This treatment reduced the oxide film 
without giving rise to decarburisation. The change.in. 
weight method serves as a very valuable guide to the 
degree of carburisation (or decarburisation) and as g 
comparative method of test is probably superior to any 
other. 

It is not possible to present a complete picture of the 
degree of carburisation obtained under particular condj. 
tions of treatment by using only one of the above 
methods of test ; it is necessary, if full data are required, 
to follow the progress of cementation by at least two 
of these methods. 

Town gas has been experimented with and tried on 
@ commercial scale for many years as @ carburising 
medium, with varying degrees of success. In order to 
increase its carburising power, the gas has been enriched 
in some cases with a hydrocarbon such as propane or 
petrol vapour and satisfactory results have been re. 
ange thrie and W. » in the United States, 

ve noted the yariable carburisation obtained wit) 
town-gas supplies, of seemingly identical composition, 
coming from different sources. Dehydration of the gas, 
followed by addition of a fixed concentration of water 

ur, was found to lead to more consistent results, 

it wasisuggested that the presence of an oxygen. 
containing gas is necessary for efficient isation, 
in order to prepare the steel surface by alternate oxida. 
tion and reduction. 

The carburisation of mild steel in town gas as 
delivered from the mains has been investigated. (ase 
depths of the order of 0-007 in. per hour for treatments 
up to 5 hours at 925 deg. C. were obtained, but the 
results, on the whole, were very inconsistent. § (ar- 
burisation was always accompanied by fairly heavy 
sooting of the steel, which resulted in non-uniformity in 
the depth and carbon content of the case, and in some 
instances carburisation was prevented altogether. This 
is illustrated in Fig. 3, on 261, which shows a 
section of @ specimen, one surface of which has been 


carburised to some The opposite face, however, 
has been sooted to such an extent that carburisation has 
been practically inhibited. 


Dilution of town gas with partly burnt town gas 
decreases the amount of sooting, though only at the 
expense of a serious reduction in the rate of carburisa- 
tion (see Table I). This is due to the fact that while 


TABLE I.—Carburisation of 0-15 per cent. Carbon Steel 
at 925 deg. C. for 5 Hours in Mized Town-Gas and 
Burnt Town-Gas Atmospheres. 


Town gas: 2-6 per cent. CO,, 2-4 per cent. C,H», 
11-0 per cent. CO, 21-5 per cent. CH,, 56-0 per cent. H,, 
2-0 per cent. H,O, and 4-5 per cent. Ny. 

Burnt town gas: 4:7 per cent. CO,, 9-1 per cent. CO, 
14-7 per cent. H,, 0-6 per cent. CH,, 68-6 per cent. N,, 
and 2-3 per cent. H,O. 























Carburising | 
Atmosphere. | Weight 
- Increase,| Case 
mg. per | Depth, Comments, 
Town | Burnt | sq. am.| ie. 
> Gas, x 18. 
seal per cent i 
' 
| 
/ 100 O | 32-5 0-037 | Heavy soot. Adherent. 
| | Non-uniform case. 
75 25 | 31-3 0-032 | Heavy soot. Adherent 
| surface deposit. Non- 
| | uniform case. 

50 | 50 | 27-2 | 0-030 | Light soot. Readily 
| | | brushed off. Uniform 
| case. 

25 75 =} 19-2 0-017 | Very light soot. Readily 

| brushed off. Uniform 
case. 

10 90 2-1 Trace | No soot. 





town gas contains some very strong carburising consti- 
tugnts in the form of hydrocarbons, it is reduced to the 
status of an only mildly carburising gas by the presence 
of decarburising agents such as water vapour, carbon 
dioxide, and hydrogen. It will be noted that increasing 
additions of the partly burnt town gas reduce, and 
eventually completely neutralise, the carburising power 
of the raw town gas. 

Removal of the decarburising gases from raw town 
gas results in a very strongly carburising atmosphere, 
as shown in Table II, opposite. Town gas as received 
was passed through the following purification train : 
activated carbon, for the removal of sulphurous gases ; 
charcoal, maintained at 750 deg. C., for the removal of 
the oxygen and for the breakdown of the unsaturated 
hydrocarbon gases ; caustic potash for the absorption 
of the carbon dioxide; and an activated alumina drier. 
The composition of the purified gas was as shown at the 
head of Table II. The specimens of mild steel car- 
burised at 925 deg, C. in this atmosphere were covered 
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with a light film of soot, while those treated at 
,000 deg. C. were sooted at both ends. The rate of 
carburisation obtained was extremely good and was 
superior to that typical of pack-carburising practice. 
Experiments with pure butane resulted in the rapid 
sooting-up of the reaction tube, so that even at very 
low gas velocities the passage of the hydrocarbon gas 
through the tube was stopped completely after a very 
short time. Further tests were carried out with, 
butane diluted with air or with partly burnt town gas, 
the experiments being limited to the 3 per cent. nickel 
steel treated at 900 deg. C. for a period of 5 hours and 
in a gas flow of 0-7 linear feet per minute. In all tests 
sooting was excessive, although dilution with burnt 
town gas effected some slight improvement in this 
respect. It was not possible to reduce the concentra- 
tion of butane sufficiently to eliminate sooting, without 
also suppressing completely the carburising reaction. 


TABLE IIl.—Carburisation in Purified Town Gas. 
Analysis: 9-0 per cent. CO, 52-5 per cent. H,, 02-1 
per cent CH,, and 18-5 per cent. Ny. 











Five hours at | Five hours at 
925 deg. C. | 1,000 deg. C. 
| 
Steel. Weight | Weight 
Increase,| Case | Increase,| Case 
mg. per | Depth, | mg. per | Depth, 
sq. mm. In. | 84. mm. In. 
; x 10. } x 1083, 
} | ' 
Mild steel 56-0 | 0-060 | 86-0 0-080 
Nickel steel ¥ a 43-6 0-040 77-8 0-060 
Nickel-chromium steel —_ , — 80-1 0-076 
| 











brushed off the specimen, leaving the surface covered’ 


with a thin adherent coating of carbon. Specimens 
treated in air-butane mixtures had, in addition, a thin 
oxide coating. The heavy sooting associated with the 
carburisation in dilute butane atmospheres leads to 
non-uniformity of carburisation, the effect being very 
similar to that obtained with raw town gas and illus- 
trated in Fig. 3, page 261. 

Propane is available commercially as ‘‘ Propagas 
and may be obtained in cylinders or tanks in which it is 
liquified under pressure, I Ib. of liquid propane giving 
approximately 8 cub. ft. of gas at N.T.P. In view of 
the results obtained with town gas and undiluted 
butane, no experiments have been carried out with 
the raw propane gas, but a considerable study has been 
made of the carburising properties of diluted propane 
atmospheres. The gas, having the formula C,H,, ‘is 
a lower member of the methane series than is butane 
(C,H,,), and has therefore less carbon available’ for 
sooting at elevated temperatures. The experiments 
with this gas have been associated in the main with the 
elimination of sooting by dilation of the hydrocarbon 
with media such as air or a controlled atmosphere, 
while maintaining the maximum possible rate of car- 
burisation. 

Controlled volumes of propane and of air were led 
into a small mixing vessel packed with glass wool as 
shown in Fig. 4, on page 261, and thence to the furnace 
tubes. In Fig. 4, a is the: mixing vessel, 6 the entry 
for hydrocarbon gas, ¢ the entry for the diluting gas 
and d the mixed-gas outlet to the furnace, Orifice 
gauges are shown at e. Carburisation of the plain 
carbon steel and the two alloy steels was carried out at 
the appropriate temperatures in atmospheres contain- 
ing 16 to 32 per cent. of the hydrocarbon, and for 
periods of 24, 5 and 10 hours. Macrophotographs and 
micrographs of the case depth obtained at the optimum 
conditions of treatment are shown in Fig. 5 (left hand 
vertical column), page, 261, and Fig. 6 (a), opposite. In 
Fig. 5, which shows the effect of carburising time on 
0-15 per cent. carbon steel carburised at 925 deg.'C., 
the left-hand vertical column of macrographs relate to 
air-propane atmospheres, the central vertical column to 
burnt town gas-propane atmospheres and the right- 
hand vertical Gofalied to charcoal-treated gas-propane 
atmospheres. The carburising time for the upper 
horizontal row of three macrographs was 10 hours, for 
the central horizontal row 5 hours and for the lower 
horizontal row 2$ hours. Fig. 6 shows microphoto- 
graphs of 0-15 per cent. carbon steel carburised at 
925 deg. C. for 5 hours in (a) 28 per cent. propane-72 per 
cent. air; (6) 28 per cent propane-72 per cent. burnt 
town gas; and {c) 4 per cent, propane-96 per cent. 
charcoal-treated burnt town gas. 

Under any given conditions the maximum case depth 
was obtained with the nickel-chromium alloy steel, 
while the nickel steel was found to give the lowest 
penetration of the three steels studied. As the con- 
centration of the hydrocarbons in the carburising 
atmosphere increases, so the surface concentration of 
carbon in the steel increases, indicating the changing 
equilibrium conditions as the composition of the 
atmosphere is varied: Increasing the concentration 
of propane above approximately 30 per cent. has little 
effect upon the carbon content of the case or its depth. 
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Thig ts; assogiated’ both with the heavy: soot 
deposits which form in atmospheres containing high 
concentrations of propane, and with the fact that the 
rate of supply of nascent carbon to the steel equals the 
rate of absorption. The concentration of propane 
necessary ‘to reduce sooting ‘to a negligible quantity 
varies somewhat with the temperature of carburisation, 
but at the same time the atmosphere is, not strongly 
carburising and is suitable only. forthe production of 
light;cases of medium carbon content, ,Forheavy, cases, 
rich propans-air mixtures must be used, which lead 
to sooting and to # certain lack of uniformity of case 
depth; Was excessive with arbon con- 
tents above approximately 25 per cent., and ‘control 
over the carburisation was not absolate.: The surface 
concentration of carbon, which in. the case of the plain 
carbon steel exceeded the eutecteid composition, as 
well as the case depth, were both rather greater than 
those obtained in ‘a solid carburising,compound under 
comparable conditions of test. 

The explosive limits: for air-propane mixtures are 
narrow, and lie within the range.2 per cent. to-9-5 per 
cent, of propane, but mixtures which give the maximum 
rate of carburisation, are well outside this range 
Dilution with air is inexpensive and reduces, the soot- 
forming tendency of the. pure gas by combustion of a 
major portion of the propane added, thus in effect 
producing a complex atmosphere of the oxides of 
carbon, water vapour, nitrogen, hydrogen, and excess 
hydrocarbon. Some of the soot, deposited from the 
latter is, removed by direct reaction, with the decar; 
burising generated in the furnace chamber, while 
the simultaneous reduction in the concentration .of the 
hydrocarbons by the combustion also decreases the 
amount of soot that is formed. At the same time, 
however, the carburising power of the mixture is 
decreased, and with increasing dilution, the concen- 
tration of the decarburising gases formed by the 
combustion calls for an ver-decreasing equilibrium 
concentration of carbon in the surface of the steel. 

The dilution of the propane, either by a furnace flue 
gas or by a controlled atmosphere specially prepared 
in a generator by the controlled combustion of a fuel 
gas, also results in a reduction in the sooting accom- 
panying carburisation. , In effect, a carburising mixture 
is produced which is similar to that obtained by dilu- 
tion of propane with air, but in this case it has the 
advantage of being under stricter control. A series of 
experiments similar to those with air-propane mixtures 
was carried out with propane diluted with partly- 
burnt town gas, the composition of which is given at 
the head of Table III. The structure and depth of the 
case obtained are illustrated in Fig. 5 (central vertical 
column), page 261, and Fig. 6 (6), opposite, which show, 
respectively, the macro- and microstructures of mild 
steel after carburisation. 

As in the case of dilution with air, a concentration 
of propane in excess of 36 per cent. to 32 per cent. did 
not materially improve the rate of carburisation, and 
above about 25 per cent. of propane; sooting was exces- 
sive. But, on the whole, under com ble conditions 
of cementation, the sooting was less than in air-propane 
mixtures. Sooting was never completely eliminated, 
however, when cases of high carbon concentration were 
required, and, in general, the reduction in the amount 
of sooting with increasing dilution, was not so, marked 
as that obtained by similar dilution with air. _ The 
decarburising gases present in the burnt town gas tend 
to offset the earburising and sooting perties of 
propane and, by control over the amount of the hydro- 
carbon added, the type of case can be varied to suit 
requirements. Too high a concentration of carbon 
dioxide, or, in other words, a high combustion ratio of 
air to town gas in the atmosphere generator, was found 
to give inconsistent and irreg cases, owing to the 
strong decarburising properties of the dioxide.. It is 
considered that the concentration of the carbon dioxide 
in such atmospheres used for carburising work should 
not exceed 5 per cent. 

From the results for mild steel, it appears that burnt 
town gas-propane mixtures are more effective car- 
burisera’ than: air-propane mixtures. /of :similar * hydro- 
carbon content.’ However, in the case,of the alloy 
steels, this is not so. It is probable that. this difference 
is due to the fact that when the alloy steels were 
treated in the burnt town gas-propane atmosphere, the 
soot produced was in the form of a dense shell. which, 
in some instances, could be removed as a tube from the 
cylindrical specimens. This hard carbon deposit 
formed a compact case around the steel and reduced 
the rate of carbon absorption. The difference, in the 
nature of the soot deposits was probably associated 
with the catalytic activity of the different steels in 
promoting the rapid pyrolysis of the hydrocarbon. 

Table III summarises the results on the effect of the 
linear rate of flow of the carburising gas upon the degree 
of carburisation. obtained.. Below 2-0 linear ft. per 
minute there was.a slight decrease in the amounts of 
soot and oil-dissociation products formed. Above this 
rate of flow, there was very little increase in the rate 
of carburisation: 
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Burnt town gas is a complex mixture of oxidising, 
reducing, carburising, and decarburising gases, diluted 
with the inert gas nitrogen. Of the active gases, carbon 
dioxide and water vapour are both oxidising and decar- 
burising to steel of more than low-carbon quality ; 
carbon monoxide and methane are both reducing and 
carburising ; hydrogen is reducing and mildly decar- 
burising, and stimulates the decarburising power of 
carbon dioxide and water vapour, in particular, by 
maintaining an oxide-free steel surface. Except at 
air-town gas combustion ratios below about 1}: 1, 
burnt town gas is decarburising to all carbon steels 
above 725 deg. C., the unburnt fuel gas itself being 
only a mildly carburising agent. 


TABLE IIl.—Effect of Rate of Flow of Atmosphere on the 
Carburisation of Steel. 


Steel: 3-17 per cent. Ni, 0-16 per cent. C. Tempera- 
ture: 900 deg. C. Time: 5 hours. 

Diluting gas: 4-8 per cent. CO,, 10-8 per cent. CO, 
15-5 percent. H,,2-3 percent. H,O, and 66 -6 percent. N,. 











Weight 

Gas Surface 
Flow, Carburising pay od Carbon Depth 
pet Atmosphere. po Content, | “9P* 

j % 103, | Per cent. 
Se pe eae . 
1 20 per cent. propane-80 11-8 0-36 0-010 
a} per cent, burnt town 14-7 72 | 
3 gas 16-6 0-4 0-01 
5 16-5 0-47 0-017 
1 28 per cent. propane-72 19-0 0-57 0-022 
2 per cent. farnt town 23-0 0-70 0-028 
8 gas | 25-6 0-75 | 0-030 
5 | 26-9 0-78 0-032 














When propane is diluted with air for the purpose of 
carburising, some of the hydrocarbon is used up almost 
immediately by combustion with the oxygen, giving 
combustion products comparable in nature and in 
relative concentrations with those comprising a partly- 
burnt town gas. The remaining unburnt propane may 
be considered, therefore, as fulfilling two functions : 
partis utilised in the neutralisation of the decarburising 
gases generated in the primary combustion, and the 
balance is then free for the carburisation of the steel. 
Under such conditions, the actual concentration of 
propane which is directly effective in promoting car- 
burisation is very small, and in a 70 per cent. air-30 per 
cent. propane mixture, for example, it is probably less 
than 5 per cent. This type of atmosphere would be 
perfectly suitable for carburising if the propane, which 
is consumed for purposes other than carburising, was 
to be used up entirely by subsidiary reactions. In 
such a case, air-propane mixtures would be ideal car- 
burising media, in that the use of an atmosphere genera- 
tor for the production of the diluting gas would be 
avoided. Propaneis unstable, however, above approxi- 
mately 550 deg. C., especially when in contact with 
metallic surfaces, and much of it dissociates into 
methane and carbon before the combustion and sub- 
sidiary inter-gas neutralising reactions can take place : 
C,H, = 2CH, + C. 
Some of the carbon thus deposited enters into solution 
in the steel immediately on being set free, provided that 
the temperature is in excess of approximately 750 deg. 
C., but much remains as a surface deposit that is com- 
paratively non-reactive with the decarburising gases 
which may be present. The deposition of soot results 
in a loss both in the potential neutralising and in the 
carburising powers of the propane added to the diluting 
gases, with the result that the concentration of hydro- 
earbon necessary to effect satisfactory carburisation is 
much greater than that theoretically required. With 
the resulting high concentration of propane necessary 
for maximum. carburisation, sooting is inevitably 
excessive. 

If the diluting atmosphere is free from decarburising 
gases, however, the sole function of the propane that is 
added is for carburising. This results in a considerable 
decrease in the concentration of the propane necessary 
to effect a required degree of carburisation, with a cor- 
responding decrease in sooting. In addition, since the 
only reaction involved is that of carburisation, the 

is under much better control. 

Diluting atmospheres free from active decarburising 
gases may be obtained by the chemical processing of 
partly-burnt fuel-gas mixtures, whereby the carbon 
dioxide is removed by absorption in a solvent capable 
of regeneration and the processed atmosphere is dried 
over a desiccant such as activated alumina. Alterna- 
tively, the burnt gases may be passed-over charcoal 
heated to approximately 1,000 deg. C. to remove the 
carbon dioxide and water vapour by reaction with the 
hot carbon, according to the following reactions : 


C + CO, = 2CO 
C+ H,0 =CoO +H, 
The atmosphere thus produced contains nitrogen and 
carbon monoxide, with a hydrogen content determined 
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by the degree of combustion of the raw fuel gas, by 
the dew-point of the burnt gas before treatment over 
thé: charcoal, and: by the water-vapour content of the 
charcoal used. Thus; by complete combustion of the 
fuel, drying the products over a gel, and pre-drying the 
charcoal, a final gas mixture may be’ obtained which 
contains less than 0-5 per cent. of hydrogen: and 
approximately 20 per cent. of carbon monoxide, the 
balance being nitrogen. ‘ 

As will be shown later, the atmosphere produced in 
the manner described above is in itself carburising, and 
only a small concentration of propane is needed to pro- 
duce very strongly carburising conditions. The possi- 
bility of sooting is thus considerably reduced, and under 
certain conditions may be prevented completely without 
impairing the efficiency of carburisation. 

A series of experiments was carriéd out in order to 
determine the maximum concentration of propane 
which could be tolerated. at any temperature before 
sooting was obtained, the diluting gas being burnt town 
gas processed over hot charcoal... Specimens of mild 
steel measuring approximately 20 in. by } in. by } in. 
were heated in a silica tube in which the steel was 
located so that a temperature gradient existed from the 
middle of the bar to each end. Temperature readings 
along the length of the bar were taken by means of a 
fine-wire thermocouple, the tip of which travelled in a 
groove cut centrally along the length of the bar. The 
carburising was fed into the furnace tube through a 
silica manifold located directly above the steel, so that 
the atmosphere entered the reaction tube at approxi- 
mately equal velocities at intervals of 4 in. along the 
length of the steel bar. The carburising gas was used 
only when the temperature conditions: were stabilised, 
pure hydrogen being employed during both the heating 
and the cooling of the steel. In all cases the time of 
heating in the carburising gas was limited to 2 hours. 

The experiments indicated that the composition of 
the charcoal-treated gas, and in particular its hydrogen 
content, has little bearing on the minimum temperature 
at which carburisation is obtained without sooting. 
The direction of the gas flow relative to the steel. appears 
to be of some importance. Direct impingement of the 
carburising gas on the steel surface immediately on 
entering the reaction chamber promotes sooting at 
temperatures at which no sooting is obtained when the 
gas mixture does not reach the steel surface immediately 
on.entry. . Thus, in commercial installations, the use 
of forced circulation inside the carburising container 
would promote the heating of the freshly charged gas 
before it meets the hot steel surface, and would tend 
towards a reduction in the amount of soot deposited on 
the work. 

On the basis of the above results, experiments were 
carried out with the object of carburising without carbon 
deposition the two alloy steels and the mild steel used 
in earlier work, in atmospheres of propane diluted, with 
burnt town gas preheated over charcoal. The alloy 
steels were treated at 900 deg. C. and the mild steel 
at 925 deg. C. for periods up to 10 hours, using the 
earburising furnace illustrated in Fig. 2, on page 261. 
Some typical microphotographs are shown in Fig. 5 
(right-hand vertical column), page 261, and Fig. 6 (c), 
page 262. It will be noted that, by comparison with 
the carburising atmospheres described previously, the 
charcoal-treated gas-propane mixtures employed re- 
sulted in improved penetration and gave higher con- 
centrations of carbon in the surface:layers. Carburisa- 
tion of the mild steel resulted in the formation of.a 
hypereutectoid surface in all the atmospheres studied, 
even after only 24 hours’ treatment. Carburisation of 
the nickel and nickel-chromium steels to hypereutectoid 
cases is indicative of the strongly carburising nature 
of this type of atmosphere, and the surface-carbon 
analyses’ indicate that complete saturation of the 
autenite at the surface was obtained. 

At very low concentrations of propane, increasing 
the hydrogen content of the diluting gas tended to 
reduce the extent of carburisation somewhat, although 
this aspect of the matter calls for further investigation. 
The maximum carbon content of the case and the case 
depth were readily controlled by the concentration of 
propane added to the carrier gas. 

All the mild-steel specimens treated in atmospheres 
containing 4 per cent. or less propane were free from 
sooting, and were bright after treatment, although 
slightly etched and rather duller than in the as-received 
condition. Both the nickel and the nickel-chromium 
steels, under the conditions of test, were slightly sooted 
after carburisation in atmospheres containing more 
than 2 per cent. and 14 per cent. of propane, respec- 
tively. Where sooting did take place, it took the form, 
in the majority of tests, of merély a loose surface which 
could be removed readily by brushing, leaving a clean 
mat underlying surface. With forced circulation 
instead of streamlined flow, which was the condition 
obtaining in all the tests, it is very probable that 
higher concentrations of propane could be tolerated at 
the temperatures used in the experiments, without the 
occurrence of sooting. 


(To be continued.) 


** ENGINEERING ”’ ILLUSTRATED 
PATENT RECORD. 
ABSTRACTS OF SPECIFICATION N 

PUBLISHED UNDER THE Sore OF 1907 TO 1939. 

7 number of views given.in the Specification i 

in each ; i 

stated in “ eS awd none is mentioned, 

arene the 


Where inventions are icated 
‘Names, ele, of the Oottemunicaiore Siam itabics 


Ci of Specifications be obtained at the Pétent 
lane, London., Pus =e aan 
word “* * é# appended. win 
Any persons , at omen of th a two my fn the 
Slt tty teat aa 
AERONAUTICS. 


576,876. Rotating-Wing Aircraft. The Fairey Aviation 

» Limited, of Hayes, and C. F. Hodson, of Burn- 

ham. (2 Figs.) May 22, 1944. The ‘invention is’ a 
pitch-changing mechanism for a ‘rotating-wing aircraft 
which automatically reducés'the flapping of the blades 
and keéps the speed of rotation of the rotor constant. 
The blades Of « four-bladed rotor flap about a point on 
the axis of rotation of the rotor and are supported by 
links c and a bar d universally jointed at ¢ to the top 
of a rod f with guides g, which slide in a hollow shaft. 
The links ¢ are cohnected with the bar d in pairs by 
sliding ‘collars j held between coiled springs. From the 
bar d extend two arms r, linked, at their free ends, with 
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two movable rods v, which slide eccontrically in the 
guides'g. The rod f, at its lower end, operates ‘a jack to 
vary the pitch of the rotor arms. The rods v operate 
through bell-crank levers 17 hydraulic jacks to vary the 
Pitch of the rotor blades cyclically. When the blades 
tend. to move upwards about the flapping point, the 
links ¢ compress the springs. If the upward flap of all 
the blades is equal, the bar d rises vertically, taking with 
it the rod f which operates the jack to reduce the pitch 
of the rotor blades, increasing the speed and reducing 
the flap angle of the blades. If the flap angles of one 
pair of blades are not equal, the bar d will be tilted about 
the centre of the universal joint and one of the eccentric 
rods v will operate its jack to changé the blade pitch 
cyclically so as to make the flap angles equal. (Accepted 
April 24, 1946.) 


577,408. Parachute Hook Coupling. G. R. Unthank, 
of New Southgate, and H. A. J. Silley, of London. (2 Figs ) 
June 2, 1944.—The invention is a hook coupling for secur- 
ing loads to parachutes and will release the load from 
the parachute immediately the load reaches the ground, 
thus avoiding damage due to the drag of the parachute. 
The tension rod 10 has a swivel eye 11 attached to the 
parachute cords. At the lower end of the tension rod 
is a yoke 12 in which are pivoted the hooks 14.. The 
lower‘ ends of the yoke have pairs of horns 16 which 
hold a part of the eye of the load to which the coupling 
is attached. The hooks are prevented from opening 
by the pull of the load eye. The tail levers of the hooks 
have pivot pins secured in slots in two wings 20 of a 
sliding tube 17. A helical spring in the tube 17 is 
compressed between it and a collar 22 on the tension rod 
10. A detent lever 23, passing through a slot in the tube, 
abuts thd upper surface of the collar 22 and holds the 
tube 17 against the spring. Its free end is’ forked, and 





engages a loop in one end of a cord 26.’ The other end 


of the ‘cord is fixed to the middle of the parachute fabric 
Before the load is dropped from the aircraft, the coupling 
is kept closed by the detent lever, but as the load Opens 
the paravhute, the cord trips the detent lever and the 
helical spring forces the sliding tube 17 down, the hooks 
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being kept closed by the pull of the load. As soon as 
the load touches the ground, the release of the pull on 
the hooks aliows the spring to open them fully, so that 
the coupling is instantaneously disengaged from the 
load. (Accepted May 16, 1946.) 


ELECTRICAL APPARATUS. 


577,683. Electric Soldering Iron. Standard Telephones 
and Cables, Limited, of London, and J. Handley, of North- 
wood. (1 Fig.) May 3, 1944.—The invention is a low- 
voltage hand soldering iron for use in positions difficult of 
access, and near parts that might be damaged by contact 
with a hot iron. A central insulating core 1 having a 
rectangular slot 2 carries conductors 7 and 8 from the ter- 
minals 6. These terminals and: the leads are covered by 
a knob 3 screwed into the core 1. The conductor 7 is 
secured to a carbon holder 11 and the conductor 8 to a 
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nozzle 14, that surrounds the carbon 12 held in the carbon 
holder, and normally projects beyond the carbon, under 
the action,of a helical compression spring. Fitting over 
the central core and nozzle is a rotatable insulating sleeve 
18 with external flutes. The interna] threati of the sleeve 
engages the threaded portion of a pusher rod 22 lying 
behind the carbon 12 in the slot 2. By rotating the 
sleeve, the carbon can be fed forward. When the tool 
head is pushed on to the workpiece, the’ nozzle slides 
back and the carbon makes contact with the workpiece. 
The heating current then flows between the nozzle and 
the carbon, through the workpiece. (Accepted May 28. 
1946.) 


MISCELLANEOUS. 


577,826. Balancing Rotors. Power Jets Limited, of 
Lutterworth, and D. N. Walker, of Lutterworth. (3 Figs.) 
May 26, 1942.—The invention is a balancing device for 
rotors. It consists of a cylindrical body 1, having an 
eccentric bore about an axis 3, in which is a closely fitting 
inner cylindrical part 4, which has an eccentric bore 5, 
the axis of which coincides with the axis 2 of the body 1. 
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The parts are made a sufficiently tight fit to prevent 
accidental rotation, while permitting deliberate adjust- 
ment. The device is fitted in the bore of the rotor to 
be balanced, and the balance is tested. If imperfect, 
the inner and outer parts are rotated until the whole is 
balanced. ‘The parts are then locked and the rotor is 





balanced. (Accepted June 3, 1946.) 
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TEMPERATURE STRAINS 
IN STRUCTURAL MEMBERS. 


By T. Batpwin, A.M.I.Mech.E., and 
J. O. Cowpurn, B.Sc.(Eng.) (Hons.). 


TE authors recently had occasion to investigate 
the cause of fracture of a number of welded joints 
between the feet of roof arches carrying a light 
steel cambered roof and the longitudinals of a certain 
steel structure. These joints had apparently failed 
by fatigue due to temperature strains, and it was 
decided that some attempt should be made to 
determine the magnitude of the stresses and loads 
involved. Methods of calculating differential expan- 
sion loads in connected members, such as these, do 
not appear to be readily available, and it is thought 
that a description may be of interest, especially 
in view of the not unsatisfactory degree of corre- 
lation that is shown between the theoretical results 
and experimental observations. 

The structure consisted of steelwork having 
4-in. by 3-in. B.S. channels as the longitudinals 
supporting the roof. It is illustrated diagram- 
matically in Fig. 1, herewith, which is also a key 
to the nomenclature used in the text. The struc- 
tural bracing of the arches and longitudinals is 
omitted from the diagram. The roof, also a steel 
structure, of much lighter construction, was fixed 
to the longitudinals by welding round the feet of 
the roof arches. The roof had a fair amount of 
camber and was long in relation to its width. In 
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subsequent calculations, it was assumed that this 
camber made the roof stiff enough to withstand 
any tendency to buckle. 

A solution was obtained of the generalised case 
of the differential expansion of two long stiff 
members elastically interconnected. The expression 
for the stress in the top and bottom members at 
any point is given by the equation 
_ Ee Ep Ap 
~ (Et At + Ep Ap) 


seins + ee i. 
eee Ez Ep Ay Ap - 
cosh / Sas 
Ez Ey At Ay 2 

where A = cross-sectional area in square inches ; 
P = stress in tons per square inch; z= the 
distance from the centre of the structure in inches ; 
l= the total length of the structure in inches; 
E = Young’s modulus in tons per square inch; 
t = temperature in deg. F.; « = the coefficient of 
expansion per deg. F.; and S = the stiffness of 
the elastic supports in tons per pair of supports 
per inch deflection per inch run. The suffixes “‘t” 
and “6” refer, respectively, to the “top” (roof) 
and ‘‘ bottom ” longitudinal members. 

The stress, P;, in the bottom members follows 
from the equation 


Pp = ae Pes 
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and the outward movement, R, of the top member 
relative to the bottom member at any point, is 
given by the equation ; 
Et Ep At Ap 
R = (a; te — apt / oo: 
(are — 900) A/ STE Ay + Ey Ay) 
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(If R is negative, the movement will, of course, be 
inward.) 

To apply the calculations to the problem under 
consideration, the following assumptions were made. 
(1) The system deforms symmetrically about the 
centre of length of the structure (i.e., the longi- 
tudinal movements are from the centre outwards 
(or inwards), the mid-point remaining stationary). 
(2) The roof structure, having a fair amount of 
camber, will not buckle under the loads likely to be 
encountered. (3) The neutral axis of the cambered 
roof is situated slightly above the plane of the 
longitudinal side members of the structure to which 
the roof is attached. Consequently, at each point 
at which longitudinal forces are transmitted from 
the roof to the longitudinal side members, small 
couples are set up which have been neglected. Their 
primary effect, presumably, would be to modify the 
distribution of vertical load which is not under 
consideration. (4) The roof structure and longi- 
tudinals have identical coefficients of expansion and 
moduli of elasticity. (5) In this particular structure 
it so happens that the cross-sectional area of the 
roof is equal tothe cross-sectional area of both 
longitudinals. (6) The stiffness of the joints, 8, 
is expressed as the load (in tons) per pair of joints 
per inch of relative expansion per inch run of roof. 
(This automatically takes into account the spacing 
of the roof supports.) The joints at each of the 
two feet of a roof arch are said to constitute a pair. 
Formul (1) and (2) then reduce to a considerably 





simplified form, and are as follows for the condition 
that the temperature and consequent elongation 


~~ Roop Arch» 
Spacing(Bay) 
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of the roof structure are greater than those of the 
longitudinals. 

The total compressive load, L (tons), in the roof 
structure at any point distant x from the centre 
of the structure is 


_EAat 


2 : 5 
oom / 28 t 
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and the corresponding outward movement, R, in 
inches, (that is, the longitudinal movement away 
from the centre of the structure) 6f the roof struc- 
ture relative to the longitudinals at this point is 


sinh 4 / 28 5 


(3) 
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It is important to note that both L and R are 
directly proportional to the temperature difference ¢, 
between the roof structure and the longitudinals. 

As 30 deg. F. was found to be quite an average 
figure for the temperature of the exposed roof above 
that of the shaded longitudinals, graphs of the L 
and R functions have been constructed for this 
temperature difference. Fig. 2, on page 266, is a 
family of curves plotted from the R function and 
shows how the movement of the roof structure 
relatively to the longitudinals at all points along 
the length of the structure is governed by the 
stiffness, S, of the welded joints. Fig. 3, con- 
structed from the L function, shows how the com- 
pressive load along the roof is also governed by the 
stiffness of the welded joints. Fig. 4 shows how 
the loads per inch run of roof taken by the pairs of 
joints vary throughout the length of the structure 
for different values of their stiffnesses. These 
curves have been derived from Fig. 2, by plotting 
the product of the stiffness and deflection for the 





respective cases. 





It is very interesting to note how, as the stiffness 
of the welded joints is increased, the joints near the 
extremities of the structure are called upon to with- 
stand ever-increasing loads, while those nearer the 
centre have their loads considerably relieved. The 
extreme case, of course, is when the joints have 
infinite stiffness, those at the ends then taking all 
the load and the remainder being entirely relieved. 

An expression having been derived for the move- 
ment of the roof structure relatively to the longi- 
tudinals, it was immediately realised that, if actual 
expansion measurements could be made on the 
structure itself, the results could be correlated with 
the theory, and the value of S for the welded joints 
could be determined. It was completely impractic- 
able to measure the stiffness of independent sample 
joints, as local flexibility in the roof was a large 
factor in the flexibility of the joint. Arrangements 
were made, therefore, to measure the differential 
expansion at four points along each side of the 
structure. The procedure adopted was as follows. 

Fine lines were scribed on the top of the longi- 
tudinals at the appropriate places, and sharp- 
pointed pins, cemented to the lower edge of the roof, 
were arranged to register with them. The pin points 
and scribe-lines were then viewed through a micro- 
scope with a graticule eyepiece. Temperature mea- 
surements were taken by mercury thermometers 
with their bulbs in close contact with the longi- 
tudinals, the inside, and the outside of the roof 
structure, respectively. Care was taken to see 
that the bulbs were shielded from radiation and 
convection effects. During one hot spell of sun- 
shine, the maximum temperatures recorded simul- 
taneously were: roof structure, 126 deg. F. (the 
thermometer in contact with the inside rising to 
within 1 deg. F. of the one outside); and longi- 
tudinals, 86 deg. F. The maximum temperature 
difference recorded was, therefore, 40 deg. F. 

Sets of expansion measurements were made at 
the eight positions, and, in typical English weather, 
this proved somewhat trying. If the sun became 
clouded during the taking of a set of readings, these 
had to be scrapped owing to the surprisingly rapid 
changes in the roof temperature. Great care was 
exercised, however, to see that each set of readings 
was taken as quickly and with as little temperature 
change as possible. A test was made, in the first 
place, on the original structure, having several of the 
end joints completely broken through and others 
only partly fractured. The joints were afterwards 
rewelded and stiffened by gusset plates, and further 
expansion measurements were made. Incidentally, 
a preliminary examination of the structure had 
revealed that, in general, the joints at the extremi- 
ties were completely broken, while those nearer the 
middle had fractures of decreasing severity. Over 
the middle 10 ft., there were three unfractured pairs 
of joints. The average temperature difference at 
which the measurements had been taken was 
about 30 deg. F., and this was taken as a con- 
venient basis for the theoretical curves previously 
described. 

The dotted curves in Fig. 2 are those plotted from 
values obtained during actual thermal-expansion 
tests conducted on the structure. The upper curve, 
which almost coincides with S = 0 to the right of 
centre, lies somewhat away to the left. This is 
attributed to the unsymmetrical manner in which 
the roof structure was behaving on account of the 
irregular distribution of fractured welds. Further 
confirmation of this will be seen from the fact that 
the curves do not intersect on the centre line, but 
show zero movement occurring some short distance 
away. The lower dotted curve, showing conditions 
after rewelding and strengthening of the joints, lies 
very close to the theoretical curve plotted for the 
stiffness S= 10. This immediately gives a very 
clear picture of the conditions likely to obtain in 
the present, rewelded, structure, and a description 
will now be given of how these conditions can be 
estimated from the given curves. 

To correlate the theoretical and experimental 
results, it is necessary to have a graph showing the 
relationship between the stiffness of each of the 
identical pairs of joints and the relative movement 
at some convenient point, preferably one where 
actual measurements have been made. A point 
X, 5 ft. from the end. of the structure, was 
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arbitrarily chosen and the curve in Fig. 5 shows 
how the relative movement at this particular 
point is related to the stiffness of the welded joints. 
The curve was constructed from Fig. 2 with the aid 
of a few additional calculated values. The ordinates 
represent the outward movement, in thousandths of 
an inch, of the roof structure relative to the longi- 
tudinals, the temperature difference between the 


roof and the longitudinals being 30 deg. F. The!’ 


relative movement at any other temperature differ- 
ence is obtainable by direct proportion. The stiff- 
ness of a pair of elastic connections is indicated by 
the abscisse, which represent the load in tons per 
inch of deflection per pair of connections per inch 
run of the roof. To help with the interpretation of 
the stiffness values and so provide a ‘‘ mental yard- 
stick” with which to gauge these figures, the 
following may prove useful. Ifa pair of joints are 
3 ft. 9 in. (45 in.) apart, a stiffness of S = 10 corre- 
sponds to a load of 1 ton giving one joint a longi- 
tudinal deformation of 0-0044 in. Similarly, a 
stiffness of S = 50—that is, five times as great— 
would, of course, give only one-fifth of the deforma- 
tion or 0-0009 in. 

To exemplify the use of the data for design pur- 
poses, let it be assumed that the welded connections 
are all of equal stiffness and that the difference of 
temperature causing thermal strain is 30 deg. F. 
From Fig. 2, it will be seen that, at a point, X, 5 ft. 
from the left-hand end of the structure, the actual 
measured relative movement was 0-006 in. (point 
on dotted curve). From Fig. 5 (which is the curve 
for this point X, 5 ft. from the end of the structure) 
this movement of 0-006 in. will be seen to 
to a stiffness of approximately 8-3. The exact 
value of S for each of the identical pairs of connec- 
tions (that is, the stiffness of a pair of connections 
per inch run of roof) being thus ascertained, it’ is 
only necessary to multiply this value by the mean 
relative movement (over the bay) and by the length 
of any bay in question (the distance between a pair 
of adjacent roof arches) to obtain the load imposed 
on the pair of welded connections at the end of that 
bay (that is, the end of the bay remote from the 
centre of the structure). The load borne by a pair 
of connections is, therefore, due to the increment of 
compressive load in the roof structure over the pre- 
vious bay, that is to say, the adjacent bay on the 
side nearer the middle of the structure (see Fig. 3). 
It is now possible to analyse the structure one bay 
at a time as follows :— 

At Ends of Structure—Consider the extreme end 
pair of connections, on which the load is governed 
by the preceding bay of, say, 40 in. From the 
dotted curve in Fig. 2, it will be seen that the mean 
relative movement over the last 40 in. of roof is 
approximately 0-011 in. The stiffness, as found 
from Fig. 5, is 8-3; therefore, the load per pair of 
joints = 0-011 x 8-3 x 40 = 3-65 tons, and the 
load on one joint at the extremity of the structure = 
1-825 tons (for 30 deg. F. temperature difference). 

3 ft. 4 in. from End of Structure—Consider now 
the next pair of connections, on which the load 
is governed in a similar way by the next preceding 
bay of, say, 44in. From the dotted curve in Fig. 2 
it will be seen that the mean relative movement 
over the previous bay is 0-006 in. The stiffness is 
the same as before, namely, 8-3; therefore the load 
per pair of joints = 0-006 x 8-3 x 44 = 2-19 tons, 
and the load on one joint 3 ft. 4 in. from the end of 
the structure = 1-095 tons (for 30 deg. temperature 
difference). 

7 ft. from End of Structure.—In « similar way, the 
load per pair of joints (governed by the next pre- 
ceding bay of, say, 48 in.) is 0-003 x 8-3 x 48 = 
1-2 tons; therefore the load on one joint, 7 ft. from 
the end of the structure = 0-6 ton (for 30 deg. 
F. temperature difference). 

A useful rough check can now be made by taking 
approximations from the S = 10 curve in Fig. 3. 
Bearing in mind that the loads in the respective 
pairs of connections are due to the change of com- 
pressive load in the roof structure itself, it will be 
noticed that, over the last 40 in. of roof, there is a 
drop in compressive load of approximately 3-7 tons. 
Since this change of load is borne by the end bay, 

it is taken entirely hy the end pair of connections. 
This checks the first calculation, for which the result 
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Considering the next bay of 44 in., it will be| pair of connections. This checks the second calcu- 
seen that there is a drop over this bay of (5-8 — 3-7) | lation, for which the value 2-19 tons was obtained. 
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of 3-65 tons was obtained. 


= 2-1 tons, this being borne by the next to the last | Similarly, the drop over the 48-in. bay is(6-9 — 5-8) 
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== 1+] tons, this being taken by the second to the 
last pair of connections. This checks with the 
third calculation (1-095 tons). Also from Fig. 3, it 
will be segn that, for S = 10, the maximum com- 
pressive load in the roof structure occurs at the 
middle and is about 8 tons. 

Although Fig. 4 shows how the load in the joints 
varies throughout the length of the structure, this 
set of curves has to be integrated over intervals 
corresponding to the spacing of the connections in 
order to give the loads on successive pairs of joints. 
It is therefore not very suitable’ for estimations and 
the method shown by the worked example above is 
more accurate. 

Correlation of theoretical and experimental data 
has given some idea of the conditions now existing 
in the roof structure: and longitudinals after the 
repair and stiffening of the welded joints at the feet 
of the roof arches. These conditions are sum- 
marised in the following table. 





Actual | 








Measured Longitudinal Com; ive 
Position Outward 
Along Movement (Calculated) (Calculated) 
Structure. of Roof Borne in Roof 
Relative to by One Joint. Structure. 
| Longitudinals. 
| 
| | 
} In. Tons. Tons. 
Extremeend..| 0-016 | 1-82 | ry 
3ft. 4in. from | Ps 
end - 0-0085 1-005 3-7 
7 ft. 0 in. from | 
end od 004 0-60 5-8 
11 ft. in. from | | 
end aa 0-0015 0-30 6-9 
Centre of struc- 
ture. . sj 0 0 8-0 





z | 
It will be seen, therefore, that the loads in the 
welded joints fall to approximately one-third of 





the maximum value in the first 7 ft. from the = 


extremities of the roof structure and then decay to 
zero at the middle. It is important to note that 
these loads and relative movements are directly 
proportional to the temperature difference between 
the roof structure and the longitudinals. It must 
be remembered, also, that the curves herein pre- 
sented apply only to the special case of the structure 
under consideration, although the solution of the 
general case, which is too long to be given here in 
detail, took into consideration the respective areas, 
moduli of elasticity, coefficients of thermal expansion 
and temperature difference, and, with the insertion 
of the appropriate constants, can be applied to 
any problem in differential thermal expansion in 
which long stiff members are elastically inter- 
connected. 

.The authors are iridebted to Mr. F. C. Johansen, 
M.Sc. (Eng.), M.I.Mech E., head of the Engineering 
Section of the Research Department of the London 
Midland and Scottish Railway, for his constructive 
criticism and valuable help in this investigation, 
to Mr. T. M. Herbert, M.A., Research Manager, for 
his interest and encouragement in the work, and 
to Sir Harold Hartley, F.R.S., who was Director of 
Research when the work was in progress, for 
authority to publish it. 





PRIZE FOR ROTARY-WING FLIGHT.—The Helicopter 
Association of Great Britain are offering an annual prize 
of 25l. for a paper of a technical nature on some aspects 
of rotary-wing flight. The competition is open to British 
subjects under 35 on December 31 of the competition 
year, and entries for 1946 must be received by the secre- 
tary of the Association, Finsbury Circus House, Blomfield- 
street, London, E.C,2, by December 31, 1946. The 
subject for this year’s competition is ‘‘ The Technical and 
Economic Problems of Rotary-Wing as opposed to Fixed- 
Wing Aircraft, and their Application to the Future of 
Civil Aviation.” 





BRITIBH AIRCRAFT FOR NORWEGIAN AIR LINES. 
—The Norwegian Air Lines, Limited (D.N.L.), have 
ordered three 37-seater Short Sandringham flying boats 
for their coastal route on the Oslo-Kirkenes service. 
The country along this route is unsuitable for the con- 
struction of airfields but provides excellent all-the-year 
round facilities for flying boats. Messrs. Short Brothers, 
Limited, recently announced that a new type of amphi- 
bian aircraft, called the ‘‘ Sealand,” is now available. 
Four of these have been ordered by another Norwegian 
air company, Vingtor Luftveiver. All the aircraft will 
be built at Belfast. 
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Les Ressorts. By CAMILLE REYNAL. Dunod, 92, Rue 

Bonaparte, Paris (VIé). [Price 265 fr.] 

Tuts book, now in its fourth edition, contains a mass 
of practical information relating to springs of all 
types and serving a variety of purposes. By the 
generous provision of tables and charts, for the 
most part specially drawn by the author, the 
relevant data are presented in a readily serviceable 
form. Had the book been published as a text-book, 
rather than in a pocket-book format, these indis- 
pensable charts would have been easier to consult. 
It is some consolation, however, to learn that larger- 
scale reproductions of certain of the charts are ob- 
tainable. Moreover, M. Reynal has prepared, and 
patented, a more elaborate set of sliding-scale charts, 
briefly described in the last chapter, the aim of which 
is to simplify still further calculations concerning 
leaf and helical springs. 

The formule of the theory of elasticity are assumed 
and developed into expressions suitable to, and 
sufficient for, technical applications. The deforma- 
tion of any type of spring under stress depends upon 
the elastic coefficients of its material and upon its 
geometrical form. Among the varieties used to 
withstand compression and extension are leaf 
springs, cylindrical and conical helical springs, 
Belleville washers, and conical ring springs. These 
are dealt with in turn, and worked examples illus- 
trate how the parameters pertaining to each type 
are adjusted to permit the respective springs to 
perform the duties for which they are intended. 
Spiral and helical springs in torsion are also treated 
in detail, and useful hints are given on the most 
satisfactory means of attaching the ends of such 





ings. 

Often other requirements, such as available work- 
ing space, cannot be met by the use of a single 
spring. Recourse must then be had to a combina- 
tion of several springs and, in chapter IV, methods 
for reducing a number of springs working together, 
whether under compression and extension or under 
torsion, to a single equivalent spring are explained. 
A deformed spring is a reservoir of potential 
energy and the effects produced when this potential 
energy is released are considered. Normally, the 
effect of the mass of the spring is insignificant, but 
at high frequencies it must be taken into account. 
The manner of doing this is illustrated by reference 
to a valve spring. It is assumed throughout that 
the springs are made of steel, and a chapter is 
devoted to a discussion of the properties of the 
various steels available for this purpose. It may be 
noted that, in the charts, values of 20,000 for 
Young’s modulus and of 8,000 for the rigidity 
modulus (both in kg. weight per square millimetre) 
have been adopted. 

Space might be found in a future edition for some 
account of the copper-alloy springs so extensively 
used in electrical instruments and mention might 
also be made of the effect of temperature upon the 
performance of springs, particularly in the case of 
watch springs. All aspects of the heavy-engineering 
applications of springs are covered fully in M. Rey- 
nal’s book, the use of which will materially facilitate 
the work of the spring designer. 





Dictionary of Science and Technology in English, French, 
German and Spanish. By Maxim NEWMARE, Ph.D. 
Sir Isaac Pitman and Sons, Limited, Parker Street, 
Kingsway, London, W.C.2. [Price 30s. net.] 

In any language, the difference between the literary 
form on the one hand and the scientific form on 
the other is due partly to the constant adaptation 
of the language to meet the requirements of science, 
and partly to the fact that the literary man not 
infrequently regards scientific terms and phrases 
as part of a colloquial and familiar language that 
serves as @ kind of class or professional shibboleth. 
One reason is that such terms often begin as slang, 
which is an essential component of everyday speech, 
and what is slang to-day is the classical language of 
tomorrow. Thus a technical dictionary contains 
much that is not to be found in a standard dictionary, 
and yet the practical value of the former is much 
more rapidly affected by time than is that of the 
latter. 





In the work of preparing his dictionary of about 
10,000 English words and phrases in common use, 
together with their equivalents in French, German 
and Spanish, Dr. Newmark has evidently aimed at a 
comprehensive and up-to-date source of reference. 
The result is commendable in a number of ways, 
of which one is in the matter of selection, since 
many phrases of recent origin have been incor- 
porated into the list of words, examples being 
“* de-icer,” ‘‘ explosive rivet,” ‘‘ self-sealing tank,”’ 
“spot welding,” and “ variable-pitch propeller.” 
Another is in the matter of arrangement and the 
provision of complete indexes in French, German 
and Spanish, as these will greatly facilitate the 
task of tracing any of the words in the book, whether 
the user be a student or a professional translator 
of literature dealing with engineering generally, 
navigation, mathematics or the applied sciences. 

At the present time it is, perhaps, too much to 
expect interleaved blank pages for the insertion of 
especially neat expressions and the extension of 
the lists of technical abbreviations so as to include 
engineering and other symbols. This is a matter 
for consideration when the time arrives for the issue 
of a second edition of this useful work. 





The Hull and Barnsley Railway. By Dr. G. D. PaRKEs. 
The Oakwood Press, 30, White Horse Hill, Chislehurst, 
Kent. [Price 3s. 6d. net.] 

Tue Hull and Barnsley Railway seems not to have 

attracted, in the past, so much attention as its 

engineering features alone would appear to justify ; 
even when it was in process of building, and when, 
in July, 1885, it was opened for traffic, it achieved 
comparatively little prominence in the Press, 
technical or otherwise, and if its subsequent financial 
history led to rather more frequent mention, even 
its difficulties seem to have been endured by the 
rest of the community with commendable tolerance. 
The story of its inception, construction, and eventual 
absorption by the North Eastern Railway, a few 
months before the N.E.R. itself was absorbed into 
the London and North Eastern Railway as at 
present constituted, contain enough of interest, 
however, to justify an individual record, apart 
from the abridgments of its history which are to 
be found in the accepted works of railway reference, 
and this Dr. Parkes has provided. He writes from 
an extensive personal knowledge of the system in 
the pre-grouping days, and has contrived to main- 
tain a nice balance between the legal and financial, 
the technical, and the operational; each of which 
has its devotees, few of whom are equally interested 
in all three divisions. As the last big railway 
promotion to reach fruition in England, the Hull 
and Barnsley may be regarded as marking the close 
of an important era in British economic history, 
which began 60 years earlier with the opening of 
the Stockton and Darlington line. Dr. Parkes’s 
book, which is concise and well arranged, is one 
which the serious student of railway history and 
economics cannot afford to ignore. There is no 
index, though this is not a serious matter, as the 
book is short enough hardly to need one ; but there 
is a short bibliography. It is to be hoped that the 
more extensive references in it (which we have not 
checked in detail) are more accurate than those 
relating to ENGINEERING ; the “ volumes 133 and 

134” cited should be vols. 39 and 40. There 

appears to be a similar error in volume numbers in 

the preceding line of the bibliography. 





Das Feld einer Raschbewegten Schallquelle. By Dr. N. 
Rotr. Verlag A.G. Gebriider Leemann and Company, 
Stockerstrasse 64, Ziirich 2. [Price, 6 Swiss francs.) 

Durine the past 35 years, several noteworthy 

contributions have been made to the theory of 

sound waves associated with a rapidly moving 
source of sound. The subject is of special interest 
to the student of aerodynamics, because the effects 
of compressibility of the air become of increasing 
importance as the speed of the source approaches 
that of sound, which is about 700 miles an hour. 

In these circumstances, waves of compression occur 

in which the variations of pressure and density are 

so intense that shadows of them can be photo- 

graphed. In the case of a bullet travelling at a 





speed exceeding that of sound, such photographs 
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indicate that the high pressure on the nose of the 
bullet causes the air there to move forward faster 
than it would move in undisturbed air ; the pressure 
falls rapidly as we pass from the back to the front 
of the wave, which is known as a “shock wave.” 
The formulaticn of the conditions necessary for the 
passage through air of a wave of this kind is due 
to Rankine. A full discussion of shock waves 
was given by Lord Rayleigh in a paper published in 
1910, and an investigation into the general effect 
of a moving source of sound was published by Sir 
Horace Lamb in 1920. Since then other workers 
have added to the knowledge of the subject. 

In the small book under review, which is a printed 
account of a dissertation given recently at the 
Federal Technical Institute, Ziirich, Dr. Rott dis- 
cusses the problem in a manner that should appeal 
to a wide circle of mathematical physicists and 
advanced students of acoustics. The real value 
of the work is, perhaps, to be found in the novel 
method of approach to the kinematics of the 
subject. Starting with the general differential 
equations of the velocity potential, the author 
proceeds to a solution by way of Voigt’s substitution 
and the Lorentz transformation. Here, as well as 
in other parts of the treatment, attention is drawn 
frequently to the geometrical interpretation of the 
analysis, so that the serious student should meet 
with little difficulty in grasping the essential points. 
The applications of the resulting expression for the 
potential given in Chapters 3 and 4 contain some 
instructive observations on the Doppler effect. In 
the next, and final, chapter, the analysis is extended 
to the consideration of reflection and interference 
and the effect of these phenomena in certain condi- 
tions. Although the work is mathematical in 
character, those who are more particularly concerned 
with the experimental side of the problem will find 
in some of the results scope for further investigation. 





Gas Turbines and Jet Propulsion for Aircraft. By G. 
GEOFFREY SMITH, M.B.E. Fourth edition. Flight 
Publishing Company, Limited, Dorset House, Stam- 
ford-street, London, S.E.1. [Price 12s. 6d. net.] 

THE relaxation of the security measures imposed 
during the war has made it possible to include so 
much additional matter in Mr. Geoffrey Smith’s 
well-known book as to make it almost a new work, 
containing more than four times the number of 
pages in the first edition, published in 1942, and, of 
course, much more liberally illustrated. As the 
author explains in an introductory note, the earlier 
editions, being issued during the war, were devoted 
mainly to the fundamentals of jet propulsion, the 
metallurgical problems involved, and the prelim- 
inary stages as indicated by patent specifications ; 
but it is now possible to discuss what has been done 
in practice, and to include something about almost 
every phase of modern gas-turbine design, opera- 
tion, and servicing technique. A number of tech- 
nically valuable papers have been delivered before 
various institutions by Air Commodore Whittle and 
others who have been associated directly with the 
development of this new form of prime mover, and 
full use has been made of the information contained 
in these papers, as well as of the data gathered from 
former enemy sources of the work done elsewhere, 
especially in Germany. 

Apart from the additional scope that the gas 
turbine and the jet-propulsion motor afford in the 
development of what may be termed “‘ orthodox ” 
aircraft, they give a new practicability to designs 
which, already recognised to offer theoretical advan- 
tages over existing types, have had to await the 
advent of some form of prime mover different from 
those previously available ; of these, the chief are 
the tailless and “all-wing” designs, with which 
tentative experiments have been made over a 
number of years, but which have been unable 
hitherto to compete effectively with the standard 
types. Special attention is given in the book to this 
field of aeronautical development, and some interest- 
ing proposals are outlined and discussed. A chapter 
is included also on constant-pressure gas turbines 
operating on a closed cycle. Three systems are 


described, namely, those of the Escher Wyss 
Engineering Works, of Ziirich, the English Electric 
Company, and the proposals of B. B. Holmes in 
America. 


Although, so far, no gas-turbine power 


plant of the closed-cycle type appears to have been 
tried in an aircraft, the system offers advantages 
which encourage fuller investigation and this chapter 
provides an interesting indication of some of the 
possible avenues for future exploration. It may be 
expected that, in due course, a succession of learned 
treatises on the gas turbine and jet propulsion for 
aircraft will take their place in the literature of 
power engineering, but, as a general introduction to 
the subject, Mr. Geoffrey Smith’s manual is assured of 
a steady popularity for a considerable time to come. 





Indice de Bibliografia sobre Resistencia a la Marcha y 
Propulsipn de Buques y Materias Hidro y Aerodina- 
micas Afines. Edited by M. L. ACEVEDO. Canal de 
Experiencias Hidrodinamicas, El Pardo, Madrid. 

IN normal times it is nearly always possible for the 

serious student of engineering and allied subjects to 

keep up-to-date by consulting current technical and 
scientific journals in the libraries and reading rooms 
of the senior engineering institutions. During the 
war years, however, the circulation of such literature 
in Europe and America was severely restricted, 
with the result that the trend of ideas and develop- 
ment in several foreign countries was not known 
by many persons outside those countries. In order 
to bridge this gap, the engineer requires most of all 

@ comprehensive and well-arranged list of the 

technical articles and books published during the 

war years in foreign countries. 

It is therefore gratifying to find these requirements 
largely met, in regard to marine engineering and 
naval architecture, by the bibliographical list 
under review, since it embraces the more important 
European and American literature for the years 
1943 and 1944. The arrangement of the list makes 
for easy reference, by reason of the detailed sub- 
division of the principal subjects. In the case of 
warships, for example, we find sub-headings on 
battleships, cruisers, aircraft carriers, destroyers, 
submarines, minesweepers, and other ships of this 
type. Similarly, under the general heading of 
merchant ships, there are sub-headings on liners, 
general cargo boats, fruit carriers, tankers, fishing 
boats, and others. 

This publication will be of great value to all who 
are in any way interested in the propulsion and 
resistance of ships, as there are numerous references 
to the related subjects of models experiments and 
sea trials, and a complete index is appended to the 
bibliography proper. Thanks are therefore due to 
those responsible for the preparation of this work, 
which is published under the auspices of the Centro 
de Estudios y Proyectos de la Direccién de Construc- 
ciones e Industrias Navales Militares, Madrid. 





FUEL-OIL STORAGE.—We have received from Messrs. 
Leyland Motors, Limited, Leyland, Lancashire, a pamph- 
let dealing with the storage of fuel oil for use in Diesel 
engines. Messrs. Leyland are of the opinion that the 


fuel pumps is the use of contaminated oil and the 
pamphlet offers recommendations regarding the construc- 
tion and use of storage installations for small, medium 
and large operators of commercial vehicles. Details of 
different layouts are given ranging from a single storage 
drum to an installation for a Corporation Transport 
Department but, in each case, the basic principles are the 
same and can be adopted by almost any commercial 
vehicle operator, however small. The pamphlet has 
been prepared in collaboration with the leading oil com- 
panies and the Manchester Corporation Transport 
Department. 





LECTURES ON SOIL MECHANICS.—Two special courses 
of lectures on “‘ Soil Mechanics ”’ will be held this winter 
at the London County Council School of Building, 
Ferndale-road, Brixton, S.W.4, on Thursday evenings, 
at 6.30 p.m. The lecturer will be Mr. A. W. Skempton, 
M.Sc., A.M.Inst.C.E., and the first course, dealing with 
site investigation and soil properties, the stability of 
slopes and embankment dams, will be held from October 3 
until November 21. The second course, will deal 
with earth pressure, excavations and foundations, and 
will be held from January 16 until March 6, 1947. A 
tutorial class will be arranged in connection with the 
course, and this will meet from 6.30 until 8.30 p.m., 
on Wednesdays, from October 9, until March 26, 1947. 
The class will be under the direction of Mr. A. W. Bishop, 
M.A., A.M.Inst.C.E. The fee for each course of lectures 
and also for the tutorial class is 10s. 6d. Application 
for admission should be made at once to the secretary 





of the School. 


major cause of troubles experienced with injectors and ground 





THE BEHAVIOUR OF RED-FIR POLES 
UNDER ELECTRICAL STRESS. 


NuMBER 17 of the Electricity Commissioners’ Regu- 
lations for Overhead Lines stipulates that all metal- 
work on the poles used for carrying electrical trans- 
mission lines shall be earthed. For some time, 
however, non-compliance with this condition has bee: 
permitted in special circumstances, principally in order 
to minimise lightning trouble. The regulation was 
more generally relaxed during the war, with the result 
that many miles of overhead line, on which the metal- 
work is unearthed, have been erected with satisfactory 
results. This practice has now been regularised on 
lines with working voltages up to 11 kV by the latest 
British Standard Specification on the subject, to which 
we drew attention on page 182, ante. In this connection 
the results of some tests, which were recorded in a 
paper by Mr. W. Letherside on “ Behaviour of Red- 
Fir Poles for 11-kV lines under Electrical Stress due tu 
Insulation Failure,” published in the Journal of the 
Institution of Electrical Engineers (Part II) for August, 
1946, are of interest. 

The paper deals principally with the behaviour of 
the pole when the electric stress is applied to it alone. 
In order to ensure good contact, the ends of the pole 
were painted with colloidal graphite, and brass elec- 
trodes, which covered the whole of the ends, were 
screwed on. The current passing through a pole was 
determined by measuring the potential across a known 
resistance placed in series with a pole. A valve volt- 
meter was used for this purpose, so that currents as 
small as 1 pA could be measured. The poles were 
imported red fir from Finland and complied with 
British Standard Specification No. 139-1921. Tests of 
potential distribution were carried out on a creosoted 
pole 9 ft. 7 in. long and 9 in. in diameter, which was 
conditioned at 95 per cent. relative humidity and 
25 deg.C. The resistance of the complete pole between 
the electrodes was measured at intervals until it became 
reasonably constant. A copper earthing collar, | in. 
wide, was then clamped round the pole about 4 ft. 
from the base and a potential of 2,820 volts at 50 cycles 
per second was applied. It was found that the poten- 
tial below the collar was reduced to about one half to 
one third the value without the collar. Increasing the 
width of the collar and placing an auxiliary collar 
below the main collar, both caused a substantial reduc- 
tion of the potential. Further tests showed that the 
collars were less effective under dry conditions. As 
regards current distribution, the current in the main 
collar rose rapidly as its width was increased and 
greatly exceeded the current through the pole with no 
collar. On the other hand, the current in the earthed 
lead decreased as the width of the earthing collar 
increased, and, for values of the latter above 2 in., was 
only about 3 per cent. to 4 per cent. of that when no 
collar was fixed. 

When three ¥,-in. diameter nails were driven into 
the pole to a depth of 24 in., 1 in. above the 4-in. collar 
and equidistant from each other, the potential difference 
over the lower portion of the pole, at 50 per cent. relative 
humidity, was about one-third of that when both collars 
were used. Tests at 90 per cent. relative humidity 
showed that the improvement effected by using six 
nails was slightly greater than when using earthing 
collars. In the case of a 30-ft. pole on a 11-kV line, the 
maximum potential at any point up to 6 ft. from the 
was about 480 volts when using three nails and 
1,950 volts when using earthing collars, the relative 
humidity in each case being 50 per cent. At the same 
relative humidity, five times as much current passed 
through the nails as through the earthing collars, but 
very little current flowed until the nail had been driven 
in to a depth of 4 in. This indicated that the outer 
layers of the poles were very dry, and explained the 
greater effectiveness of the nails over the earthing 
collars under these conditions. Further tests showed 
that the resistivity of the pole at right angles to its 
axis was much greater than along its axis ; it appeared, 
in fact, that the current passed along the pole in a 
series of concentric cylinders, i.e., along the growth of 
the annular rings in the wood. The resistance between 
the cylinders, 1.e., at right angles to the axis of the 
pole, was high compared with that along each cylinder. 
This is of great importance from the point of view of 
fire risk. 

Tests also indicated that the moisture dried out 
from wood poles almost, if not entirely, through the 
ends, so that a long length of pole required considerable 
time to reach equilibrium with an atmosphere of con- 
stant relative humidity. In fact, after 290 days, the 
resistance of the central portion of a creosoted pole 
which had been conditioned at 90 per cent. relative 
humidity was much lower than that of the ends, 
indicating an excess of moisture. In damp conditions, 
the use of earthing collars or nails reduced the risk of 
shock from touching a live pole. In dry conditions, 
however, the potential recorded on an 11-kV line was 
about 500 volts at a point on the pole 6 ft. from ground 
level when the conductor was in contact with the pole 
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24 ft. above the ground. Tests showed, however, that, 
in practice, the maximum current, which would have 
passed through a person or anitial in contact with the 
pole was 0-1 mA, when the relative humidity was 
75 per cent. and that this rose to about 5:5 mA under 
damp conditions. With the outside of the pole wet, 
the current was between 9 mA and 12 mA. The 
eflectiveness of earthed spikes driven into the pole 
9 ft. from the butt end was shown by the fact that, 
when they were used, the current decreased from 
5:3 mA to 0-37 mA at a relative humidity of 95 per 
cent., and from 9 mA to about 4 mA when the outside 
of the pole was wet. 

A potential of 12 kV was applied for eight or nine 
hours to several 10-ft. poles. Fire, however, occurred 
in only one case. Even then only slight burning took 
place near one of the electrodes and this died away 
after an hour or so. Portions of the pole then became 
warm, after which no further burning occurred and the 
pole cooled again; when sections were cut from the 
pole, only small portions of it were found to be charred. 
Other tests confirmed the fact that poles did not take 
fire readily, even when damp and did not take fire at 
all when the moisture content was normal. 

The conclusions reached from the tests described in 
this paper are that, with the conductor resting on the 
cross-arm, there is little likelihood of a shock being 
experienced when a wooden pole is touched under nor- 
mal atmospheric conditions (75 per cent. relative 
humidity) with a line voltage of 11 kV (6,350 volts to 
earth). Under these conditions, the maximum current 
passing through a person or animal pressing against a 
pole is 0+1 mA. Some shock may be experienced 
under damp conditions (95 per cent. relative humidity) 
and in rainy weather. When the surface of the pole 
is wet, a stronger shock may be felt, although this is 
unlikely to prove harmful. Laboratory tests made on 
new poles, at relative humidities ranging from 60 per 
cent. to 100 per cent., show that 12 kV may be applied 
to a 10-ft. length of pole (with or without a wooden 
cross-arm) without any fire risk being incurred. Fire 
broke out readily on a 10-ft. length cut from a pole that 
had been in service in a very wet position. The heart- 
wood of this pole was very wet, having a moisture con- 
tent of 107 per cent. Moisture moves along poles 
parallel to the axis, but the rate is very slow. Moisture 
was found to have risen a distance of 1 ft. 10 in. in one 
year in each of three poles which had been standing 
in a tray of water. Field investigations suggest that 
the percentage of poles with abnormally high moisture 
content, even when erected in very damp situations, 
must be very low. 

Even under a combination of worst conditions, 
namely a conductor in contact with a pole of high 
moisture content (both conditions were in themselves 
unusual, but exceptionally so in combination) the risk 
of shock or pole fire appears to be negligible. This is 
confirmed by experience with lines which were inten- 
tionally operated with the insulator steel-work un- 
earthed. The employment of an earthing collar or 
earthed spikes eliminates the possibility of shock, but 
increases the risk of fire. 








STANDARDISATION OF GRINDING- 
WHEEL MARKINGS. 
FoLLOWING an extensive consideration of the question 
of standardising the descriptive marking of grinding 


wheels, the Abrasive Industries Association (the hon- | system, the letter A shows that the abrasive is of the 


| 


It is reasonably | grade; and the letter V, that the wheel is of the 
simple and embodies all the information needed by the | vitrified-bond type. 


orary secretary of which is Mr. J. A. Orchard, Universal 
Works, Stafford) have adopted a scheme which has 
been accepted by all members of the Association and 
which was put into effect on July 1. 


manufacturer and the user to denote the characteristics 
of any individual grinding wheel. 
use the letters of the alphabet to indicate hardness in 
all types of bond, the range of grades proceeding from 
the softest at the beginning of the alphabet to the 
hardest at the end. This is the principle used hitherto by 
most of the grinding-wheel makers, but it is emphasised 
that similar markings, on wheels by different makers, 
will not necessarily give the same grinding action 
because it is impossible to measure the physical 
properties of bonded abrasive products in terms of 
their grinding action in service ; hence the system is 
one of standardised markings only. It applies to all 
grinding wheels and to most abrasive products, what- 
ever the size, type and shape ; but it does not apply to 
diamond wheels or to such items as scythe stones and 
sharpening stones. The marking consists of four main 
parts, indicating the abrasive, the grain size, the grade, 
and the type of bond, respectively. In addition to 
these main markings, it is optional for the manufacturer 
to include any or all of three additional markings, 
namely, a prefix denoting his’ symbol for the exact 
type of abrasive used in the wheel ; a structure symbol, 
which can be inserted immediately after the 
grade mark and prior to the letter denoting the type 
of bond ; and a suffix consisting of his symbol for the 
exact type of bond, or other identification. 


| 
| 


The method is to} 
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The main types of abrasive in use fall into two 
categories : the aluminium-oxide type, commonly used 
on steel and other high-tensile materials, and the 
silicon-carbide type, used on cast iron and other low- 
tensile materials. They will be symbolised, respectively 
as “A” and “C.” Where variations in either type are 
used by the manufacturer, these will be denoted by a 

fix: for instance, white aluminous abrasive might 

indicated as ‘‘ WA,” “ AA,” or “ 38A,” etc., accord- 
ing to the choice of the individual manufacturer. Grain 
sizes have been indicated hitherto by numerals repre- 
senting the number of meshes per linear inch through 
which the grains have passed. This method is being 
retained. The standard grain-size numbers are 8, 10, 12, 
14, 16, 20, 24, 30, 36, 46, 54, 60, 80, 100, 120, 150, 180, 
220, 240, 280, 320, 400, 500 and 600, No. 8 being very 
coarse and No. 600 extremely fine. If the wheel 
manufacturer wishes to indicate a special combination 
of grains, this can be done either by the use of a symbol 
following the grain-size numeral, or by the use of two 
grain-size numbers, 

For all types and bonds, the grade or hardness of 
the wheel is indicated, as mentioned above, by letters 
of the alphabet ranging from A (soft) to Z (hard). 
The main range of grinding wheels commonly in use 
fall between the letters F and T. The structure of the 
wheel—in other words, the spacing of the grains—is 
denoted by a number which is optional to the use of 
any individual maker. Numbers from 1 to 15 cover 
the range of structures in common use. No. 1 is 
extremely dense and, for the rest of the range, the 
higher the number the more open is the structure of 
the wheel. The type of bond of which a wheel is com- 
posed is indicated by one of the letters V, B, R, E 
and S§, representing, respectively, a vitrified, resinoid 
(synthetic resin), rubber, shellac, or silicate bond. 
The position of the suffix (the manufacturer’s special 
identification symbol) in the marking system is at the 
discretion of any individual maker of grinding wheels, 
and the suffix itself may take the form of letters, 
numerals, or both. 

It is thought that, until users are thoroughly familiar | 
with the new system, some manufacturers may desire | 
to employ it in conjunction with their own former | 
systems of marking; but this is regarded only as an 
interim measure, and all the manufacturers will even- 
tually use the standardised system alone. Some wheels 
are too small to accommodate the full markings, but, 
in most cases, the wheel identification tags attached 
to them will bear the new standardised marking. A 
point that is stressed by the Abrasive Industries Asso- 
ciation relates to the manufacturer’s name. It is 
obvious that, with a system which differs only in minor 
respects between one grinding-wheel maker and 
another, there is a risk of confusion regarding the name 
of the manufacturer of a particular wheel. The Asso- 
ciation urge, therefore, that users should keep in their 
records the name of the wheel maker as well as the 
marking of the wheel. 

Under the new system, the marking of a given wheel 
might be, say, w.A.46.K.5.V.17. Of these seven 
indications, the first (w), the fifth (5) and the last (17) 
are optional, and are, respectively, the manufacturers’ 
own abrasive type symbol, the structure reference 


number (that is, the fifth kind of structure in the | 


seale of diminishing densities), and the manufacturer's 
own symbol denoting the type of wheel. Of the other 
four indications, which form parts of the standard 


aluminium-oxide type; the number, 46, indicates the 
grain size as being midway in the “ medium” range 
between 30 and 60 mesh; the letter K indicates the 





CoTTON YARN FOR RUBBER-TYRE CorRD.—To cope 
with the heavy demand for tyres, the Dunlop Rubber 
Company, Limited, have leased Kirkpatrick Mill at 
Hindley Green, near Wigan, for the carding, spinning, 
and winding of cotton yarn. The yarn will go on 
to the Dunlop Company’s mill at Rochdale, where it 
will be made into tyre cord. Some 300 operatives are 
to be employed ; the output will begin on a small scale 
this autumn, but the new mill will be in full production 
by next summer. 


THE INSTITUTE OF TRANSPORT.—The question papers 
set at the graduation and associate-membership examina- 
tions of the Institute of Transport from 1944. to 1946 
are now available in booklet form, and may be obtained 
from the Institute, 15, Savoy-street, London, W.C.2, 
price 1s. per set for each examination, postage included. 
Classes for the Institute of Transport examinations, 
during the 1946-47 session, are now available at the 
City of London College, Electra House, Moorgate. 
E.C.2, and at technical colleges or commercial institutes 
at Catford, Chiswick, Ealing, Kennington, Camden 


THE BRITISH OVERSEAS AIRWAYS 
CORPORATION. 


THE report of the British Overseas Airways Cor- 
poration covering the period between April 1, 1945, 
and March 31, 1946, deals, in the main, with the task 
of transforming the extensive operations involved from 
war to peace-time conditions. As such, it concerns an 
abnormal year, but the account is perhaps the more 
interesting as illustrating the response of British enter- 
prise under the stimulation of difficult circumstances. 
The fleet of the Corporation during the period under 
review increased from 169 in March, 1945, to 211 in 
March, 1946. Compared with the year 1940-41, the 
growth of the Corporation’s activities is still more 
striking. In 1945-46, the capacity was 63,374,802 ton- 
miles, as against 8,375,290 ton-miles in 1940-41, this 
latter year being taken as a datum since the Corpora- 
tion was established on November 1, 1940. The 
number of passengers carried in that year was 19,579, 
a figure which had grown to 103,804 in 1944-45, and 
to 143,950 in 1945-46. The passenger traffic in the 
earlier years was largely for military purposes, but in 
the first part of 1946 the passenger traffic began to 
change over to business men. A list given in the 
report tabulates 91 departures from British aerodromes 
per week to 17 destinations: abroad, the total of 122 
services being made up by 31 weekly services between 
places abroad, such as Durban-Calcutta, Cairo-Istanbul, 
etc. These figures denote the services obtaining on 
March 31, 1946, and since that date they have been 
still further augmented. 

It is stated in the report that the aircraft operating 
during the period covered were of 16 different types, 
with engines of 17 different types and series made by 
five different manufacturers. Of the additions to the 
fleet during the year, 25 were Avro-York and 18 were 
Avro-Lancastrian machines, both types being civil 
developments of the Lancaster bomber; they con- 
stitute the most modern aircraft possessed by the 
Corporation. During the whole year, the Corporation 
continued to be subject to the direction of the Ministry 
of Civil Aviation. This condition, which was imposed 
during the war, still obtains, so that, strictly speaking, 
the Corporation has not yet functioned as a civil air 
line under normal conditions. The aircraft employed 
include “‘C class” fiying boats, for example, on the 
8,000-mile route between Durban and Calcutta. The 
service across the North Atlantic was carried on by 
Liberators, this service consisting of seven journeys a 
week in each direction. In January of this year, this 
service made its 2,000th. flight. 

The staff has naturally grown with the increase in 
numbers of aircraft, and about 2,000 pupils passed 
through the Corporation’s training organisation during 
the year. Of these, 820 were flying pupils, 310 for 
technical duties, 210 “ Link ” trainees, 190 navigational, 
180 radio, 200 engineering and 80 commercial. All 
the pilots, navigators and radio officers had training 
to “B” licence, first-class navigation licence, and 
P.M.G. radio licence standards, respectively. Ground 
engineers qualified for ‘“‘A” or ““C” licences as re- 
quired. The Central Training School at Aldermaston, 
Berkshire, which was opened in March, provides flying 
training for land plane pilots, navigation, radio and 
engineering officers. Hythe, near Southampton, is now 
used for training flying-boat pilots. Whitchurch, near 
Bristol, provides ground navigation and ground radio 
training, while White Waltham provides technical 
training for all pilots and engineer officers and also 
courses for ground engineers. Before the Central 
Training School was in operation there were three main 
air-crew training bases, namely, one at Ossington, an 
R.A.F. station near Newark for crews of four-engined 
land planes, one at Whitchurch for crews of twin- 
engined land planes, and one at Poole for flying-boat 
crews, Overseas training units were in operation near 
Cairo, Baltimore and Vaaldam, South Africa. The 
medical department of the organisation, apart from 
its duty of attendance on passengers for quarantine 
examination, etc., is largely occupied in looking after 
the health of the air-crews and other employees. 

The Corporation has a commendable record as 
regards safety in transport, no passenger being killed 
or injured in any aircraft owned by it. Seven aircraft 
are recorded as being lost during the year, one of a 
crew of a Liberator which had to make a forced 
landing in a snowstorm being killed, one of the staff 
was also missing in a fire which burnt out a Sunderland 
in Calcutta when an explosion occurred on a re-fuelling 
barge. The other five aircraft losses were attended by 
no casualties ; the last accident involving the loss of a 
passenger’s life was in November, 1944. 





PRODUCTION OF ALUMINIUM IN THE UNITED KINGDOM. 
—Statistics issued by the Light Metals Section of the 
Ministry of Supply show that, during the second quarter 
of 1946, the production of all unwrought forms of virgin 





Town, Walthamstow and Tottenham. Particulars of 
these may be obtained from the Institute. 





aluminium totalled 8,068 tons and that of ingots from 
secondary or scrap aluminium, 9,856 tons. 
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CORROSION-RESISTANCE OF 
TIN-ALUMINIUM BRONZES, 


In a paper entitled ‘‘ The Resistance to Corrosion 
by Sea-Water of some «-Tin and «-Tin-Aluminium 
Bronzes,” presented at the Autumn Meeting of the 
Institute of Metals, held in London on September 10 
and 11, Dr. J. W. Cuthbertson, assistant director of 
research, Tin Research Institute, Greenford, Middlesex, 
described a study made of the corrosion-resisting pro- 
perties of a number of tin and tin-aluminium «-bronzes 
to determine their suitability for use as condenser tubes. 
He stated that such tubes were subject to four types of 
corrosion, namely (a) impingement attack arising from 
the presence of air bubbles in the cooling water; (b) 
sedimentation or deposit attack caused by foreign 
bodies, such as sand or sea-weed, resting on the walls 
of the tube; (c) pitting; and (d) general attack. 
Impingement and deposit forms of corrosion, sometimes 
accompanied by pitting, were the main causes of break- 
down in service. By comparison with the other forms 
of corrosion, the general attack of accepted condenser- 
tube alloys proceeded more slowly and was of much 
less practical importance. 

Alloys having a nominal composition ranging from 
88-5 per cent. of copper, 10-5 per cent. of tin, and 1 per 
cent. of aluminium, to 93 per cent. of copper, 4-25 per 
cent. of tin, and 2-75 per cent. of aluminium, had been 
obtained in a form suitable for corrosion tests, and their 
behaviour alongside 70 : 30 brass, 70 : 30 cupro-nickel, 
90:10 a-bronze, aluminium brass, and Admiralty 
brass, under conditions of impingement and sedimenta- 
tion corrosion, had been carefully noted. The results 
of a preliminary survey were sufficiently encouraging to 
warrant a more systematic examination of the corrosion- 
resisting properties of the ternary alloys. Duplicate 
series of alloys, each consisting of seven bronzes of 
different nominal compositions, were prepared, one by 
normal methods of melting and casting and the other 
from melts which were degassed before pouring. The 
ingots were cold-rolled into strip which was fully an- 
nealed before testing. Latterly, a further series of six 
ternary and two binary bronzes had been prepared from 
degassed melts. These alloys were supplied in the cold- 
rolled condition and were tested both with the surface 
prepared in the normal way and after subjection to a 
protective chromic-nitric acid pre-filming treatment. 
The corrosive medium employed was natural sea-water 
drawn from the English Channel. 

The results of the tests on the fully-annealed alloys 
indicated that, for a constant-aluminium content, an 
increase jn tin content was accompanied by an improve- 
ment in resistance to both impingement corrosion and 
deposit attack. With a constant tin content, raising 
the aluminium content increased the resistance to 
deposit attack, but when the tin content was less than 
8 per cent. and as it approached 5 per cent., the addition 
of aluminium could not prevent a steady and ultimately 
very rapid deterioration in resistance to impingement 
attack. Binary bronzes containing not less than 10 
per cent. of tin had a very good general performance 
when properly made. The addition of aluminium to 
these higher-tin alloys improved their resistance to 
deposit and simple-immersion corrosion, but did not 

significantly increase their already excellent resistance 
to impingement attack. The real advantage of alumi- 
nium was revealed in the alloys of lower tin content, 
where it largely compensated for the deficiency in tin. 
The important point was that with less than 10 per 
cent. of tin the presence of aluminium was essential, 
whereas with more than 10 per cent. of tin the value of 
aluminium, on the whole, was small and diminished 
rapidly as the tin content approached the limit of solid 
solubility. In the presence of dissolved air, the rate of 
corrosion, under both direct immersion and deposit 
conditions, of all the materials examined increased. The 
increase in the rate of deposit attack, in the case of 
cupro-nickel and aluminium brass, was much greater 
than it was for any of the bronzes. 

In the investigation on the cold-rolled alloys, the 
results of the pre-filming tests were perhaps the most 
interesting. Filming greatly increased the resistance of 
all the bronzes to corrosion, at all events initially ; film- 
ing was probably least beneficial under conditions of 
deposit attack where it was able to retard corrosion 
only for atime. Filmed specimens in contact with an 
inert foreign body were prone to develop localised 
corrosion pits; this tendency was more pronounced 
for the ternary bronzes and for cupro-nickel than it was 
for the binary alloys and for aluminium brass. When 
properly filmed all these bronzes showed excellent 
resistance to impingement corrosion. Where resist- 
ance to impingement corrosion was primarily demanded, 
a tin content preferably of not less than 10 per cent. 
should be specified, unless it was intended to pre-film 
the tubes, in which case it might be permissible to 
reduce the amount of tin to 8 per cent., provided that 
not less than 2 per cent. of aluminium were added to 
effect a compensation. Taking everything into con- 
sideration, an alloy containing 10 per cent. of tin and 
1 per cent. of aluminium appeared to fulfil most 
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35,000-LB. TRANSPORTABLE BOILER. 


MESSRS. INTERNATIONAL COMBUSTION, LIMITED, LONDON. 





WATER-TUBE BOILER FOR TRANS-| 


PORTABLE POWER STATION. | 
A DESCRIPTION of the mobile power-stations designed | 
during the war to provide current in areas temporarily | 
deprived of a supply by enemy action, was given on | 
page 365 of Encrnerrtne for May 11, 1945. These | 
stations were of three types: one with a capacity of | 
1,000 kW could be operated on either coal or oil. | 
The second had a capacity of 2,500 kW and was | 
coal fired, while the third had a capacity of 5,000 kW 
and was fired by oil. The boilers were of the Lockout | 
water tube, John Thompson water tube, and Foster- | 
Wheeler types on the 1,000-kW, 2,500-kW and 5,000-kW | 
sets, respectively. Another firm, which took part in| 
the design and construction of boilers for this purpose | 
was Messrs. International Combustion, Limited, 19, | 
Woburn-place, London, W.C.1, who developed a two- 
drum water-tube unit with the usual equipment and 
water-conditioning apparatus. This boiler, an illustra- 
tion of which is given above, had an evaporative 
capacity of about 35,000 lb. of steam per hour, and’ was 
arranged for oil, coal and dual firing. The combustion 
chamber was built over the stoker, which was of the 
louvre type, while the oil burners were mounted on 
the front casing. Both an economiser and superheater 
were incorporated in the design. The latter was of 
the horizontal grid-iron type, and raised the final 
temperature of the steam to 680 deg. F. A saturated- 
steam supply could be given to the evaporators and 
other auxiliary plant. 
Transport conditions, either by road or rail vehicles, 
naturally imposed severe restrictions, both on the over- 
all dimensions and the weight.. The boiler was there- 
fore designed so that it could be shipped in five sections 
—stoker, lower portion of the supporting structure, 





requirements and to offer a very good compromise. 





combustion chamber, pressure parts and economiser— 


of such a size that they could be accommodated within 
the Berne International Loading Gauge. Each section, 
none of which weighed more than 25 tons, was de- 
signed so that it could be handled into place by a 
special erection structure. Care was taken also to 
provide flexibility in operation with both coal and oil 
firing, and full output was ensured by a combination of 
the two when the coal was of inferior grade. The coal 
could be dumped alongside the boiler and was fed by a 
portable conveyor into the stoker hopper. The oil- 
fuel equipment comprised a complete set of pumping 
and heating units, with storage and settling tanks. 
This equipment was self-contained, so that fuel could 
be drawn directly from tank waggons. 

The power unit, which was a 2,500-kW turbo-alter- 
nator complete with condenser and air ejectors, was 
mounted on a common girder structure with the boiler. 
It weighed about 60 tons and could pass the Inter- 
national Loading Gauge on a low-loading wagon. Alter- 
natively, road wheels could be fitted to the structure on 
which the set was mounted. The complete plant was 
designed to operate without weather protection, and 
for this reason the feed pumps, evaporator heater and 
evaporator pump were housed under the feed tank. 





INTERNATIONAL TIN CONFERENCE.—The United King- 
dom Government, after consultation with the Govern- 
ments of the United States, Bolivia, Belgium and the 
Netherlands, have invited the main tin-consuming and 
tin-producing countries, namely, Belgium, Bolivia, China, 
France, the Netherlands, Siam, the United States and 
the U.S.S.R., to a conference in London. The object of 
this is to consider the prospective world position with 
regard to tin and whether any continuous inter-govern- 
mental study of the position is necessary. It is hoped 
that the conference will open on or about October 8. 
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A REVIEW OF SHIP PROPULSION.* 
By Sm Amos L. Ayre, K.B.E., D.Sc. 


Ir would not, perhaps, be inappropriate to commence 
this address with a general but brief review leading up 
to the stage we have now reached in the application of 
the science of marine engineering, which is not much 
more than 100 years old. In respect of ocean voyages, 
it is, in fact, 133 years since the Canadian-built Royal 
William made the first Atlantic crossing under steam. 
There stands out the feature, however, that the really 
definite progress occurred in the latter half of the 
period. As a matter of history, the persistence with 
which the steam reciprocating engine was used in so 
many forms during that period will always be a matter 
of intense interest. That state of affairs existed when 
the epoch-making Turbinia, with her propelling machi- 
nery of fundamental change, made her dramatic 
appearance. It is interesting to recall that, even at 
that moment, about one-third of the total tonnage 
afloat consisted of sailing ships. While the steam 
reciprocating engine, with Scotch boilers, was then 
almost universally in use as the means of mechanical 
propulsion, the internal-combustion engine was also 
in the offing for marine use. Progress, with much 
variation in design, subsequently became even more 
rapid, and to-day we have reached the stage of testing 
gas turbines and examining the possibility of their 
application to marine propulsion. Perhaps the age of 
the use of nuclear energy for marine propulsion is also 
approaching 

In spite of nearly a half-century experience in actual 
use, considerable research covering turbines for marine 
propulsion is now in process in this country, this work 
being undertaken by the Parsons and Marine Engin- 
eering Turbine Research and Development Association. 
As compared with a few years ago, much higher steam 
pressure and temperature are in current use, resulting 
in a definite reduction in steaming weights and in fuel 
consumption. Consideration is now being given to the 
adoption of very high pressure and temperature. The 
steam turbine would, in fact, seem more than ever 
to be coming into its own, and there can even be 
detected, in some directions, a tendency to move from 
Diesel to turbine propulsion, particularly for units of 
about 7,000 shaft horse-power and over. The present 
intensive research, added to experience of turbines and 
water-tube boilers in naval vessels, may still further 
encourage their extended use in merchant ships. In 
the case of the more modest powers it will be interesting 
to see if the war-time use of the two-cylinder unit, 
with the omission of the intermediate turbine, so 
widely adopted during the war for merchant ships in 
the United States, and to some extent in this country, 
will continue to be used, as I believe it may. Accom- 
panied by rather higher revolutions of the propeller 
shaft than was the custom before the war, and with the 
resultant simplification of the gears, the saving in 
capital cost of this simplified arrangement, together 
with a possible saving in maintenance, provides a 
set-off against a smal] disadvantage relative to economy 
of fuel consumption. We have probably seen the last 
of Scotch boilers in turbine-driven ships, and it seems 
safe to predict that the water-tube boiler has now 
come to stay. The modern turbine and water-tube 
boiler lay-out, with its 30 per cent. saving in “ steaming 
weight ’’ as compared with the corresponding Diesel 
lay-out of the same shaft horse-power and revolutions, 
is again a factor of some importance which can be 
set-off against the higher economy in fuel consumption 
of the Diesel engine. It is difficult to say where the 
turbo-electric and the Diesel-electric types now stand 
in respect of the modern geared-turbine and water- 
tube boiler equipment, and it would seem fair to say 
that neither in first cost nor overall economy do they 
show any decided advantage. On the other hand, 
there seems to be some advantage in respect of 
reliability and upkeep. But for the improvements 
that have taken place in gear-cutting, the electric 
drive might have made greater progress. 

In the case of the larger Diesel engine, it would seem 
that we have about reached maximum physical condi- 
tions. In the case of smaller units, say, within the range 
of about 1,000 brake horse-power to 2,000 brake horse- 
power, these could best be developed, for marine propul- 
sion with direct drive, in the direction of rates of revolu- 
tions rather lower than those now generally available. 
As an alternative, a move might be made in the other 
direction by increasing the engine revolutions and 
introducing gearing, which has already been adopted 
successfully in instances where two fast-running Diesel 
engines were geared to one propeller shaft. Various 
proposals for a multiplicity of small engines with 
couplings and gears, or with electric drive, have been 
made, but hardly seem to have,reached the stage for 
adoption. With an extension of use of the two engines 
geared to the propeller shaft, the multiple systems, 





* Presidential address to the Institute of Marine 
Engineers, delivered in London on September 10, 1946. 
Abridged. 
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with engines conforming to marine conditions, may 
eventually be encouraged as a further step. 

The gas turbine, which may be the next outstanding 
phase of marine propulsion, when it has been perfected 
in its mechanical and other directions, particularly 
concerning the development of reliable materials 
enabling high initial temperatures to be used, may 
provide a power unit having the advantage of reduced 
“steaming weight,” and possibly economy in fuel 
consumption, the whole contributing to anincrease in the 
amount of cargo deadweight that can be carried. In 
addition, it is possible that the lay-out will require an 
amount of ship space less than any of the existing 
machinery types. It would seem, however, that the 
successful production of this type of machinery, in 
which the very high temperature of possibly not less 
than 1,500 deg. F. will have to be endured by the 
turbine blades, wil], no doubt, depend on the research 
contribution of the metallurgist. Durability under 
marine conditions of long continuous operation at such 
high temperatures, a feature which may govern the 
lifetime of such a unit, is a factor of much importance. 

The use of nuclear energy for the propulsion of large 
high-powered ships, would now appear to be on the 
horizon but, perhaps, somewhat distant. Our interest 
in this epoch-making discovery was aroused by Sir 
George Paget Thomson, chairman of the committee 
of British scientists appointed in 1940 to develop 
atomic energy, who stated, in a presidential address 
to the Junior Institution of Engineers, that in all 
probability the first peace-time application of the 
discovery will either be for a big power station, or for 
the boilers of a big ship. It has also been said that 
one pound of base uranium material has an equivalent 
energy of 1,500 tons of coal, a ratio of one to three 
and a third millions, which, depending on the form in 
which the fuel can be taken on board ship, would seem 
likely to bring about fundamental changes in ship 
design. Perhaps it cannot yet be imagined what the 
nature of the necessary equipment will be, and the only 
thing which, at this stage, it seems possible to forecast 
is that fuel bunkers, as we now know them, will dis- 
appear from ship designs. At this imaginative moment, 
one’s thoughts explore the possibilities that may result 
should we be presented with the means of providing 
very large powers with relatively small weights of 
equipment and fuel, although it is understood that 
some heavy concrete insulation will be required to 
shield the personnel against radio active radiation. 
One possibility may be the attainment of speeds far 
beyond anything contemplated in the past. Present- 
day thought would seem to tend towards a reversion 
from the very large passenger liner of high speed, as 
we’ now regard it, but if it does occur that nuclear 
energy will allow of the economic installation of abnor- 
mally large powers, we may then be on the way to 
the adoption of far higher speeds, even such as destroyer 
speeds. Based on a destroyer, 330 ft. in length and 
of a speed of 36 knots, the corresponding speed of a 
ship 1,000 ft. in length would be about 63 knots. 
While this is all within the realm of imagination, it 
does contain the contingence that such very fast 
passenger vessels would possibly meet some competition 
of the aeroplane, always provided that the vessels 
could maintain a service at such high speed regardless 
of weather conditions. But, in regard to the economic 
aspect of this new form of energy, we do not yet even 
know how much other fuel is required to produce it 
in the form in which it would be taken on board ship, 
and, therefore, its cost. The possibilities of the appli- 
cation of nuclear energy to gas turbines is a further 
feature of imagination in contemplating the future. 

On the whole, it would seem that we are on the 
verge of advances in marine propulsion that will be 
even greater than the vast progress of the past half- 
century, and the marine engineer, already so versatile 
in his productions, will find himself immersed more 
than ever in the application of new scientific develop- 
ment. Chemistry and metallurgy will, to an increasing 
extent, become part of his own science. Already the 
modern engine-room is reaching the stage when real 
scientific training of those in charge becomes necessary. 
In these days of high pressures and temperatures, 
together with rapid steam production, to say nothing 
of the newer features now under consideration, we have 
moved far beyond the condition when ordinary work- 
shop experience and some sea service will suffice, as 
we have known these in the past, however satisfactory 
these have been in the days of reciprocating steam 
engines and Scotch boilers. 

All this advance in the direction of economy is such 
that engine-room lay-outs have become more costly 
because of the elaboration, and in this respect we are 
no longer comparing like with like, even on the basis 
of the same amount of power. The question of capital 
cost, relative to the economy to be gained, is one which 
the shipowner and his technical staff, with their 
intimate knowledge of the service to be performed, 
taking into account the amount of time to be spent in 
full-speed, steaming at sea, are best able to judge. In 
the past there have been instances in which the drive 








for economy in fuel consumption has almost been a 
fetish, applied to such a degree that the gain did not, 
perhaps, always justify the various additional annual 
capital charges incurred. In every type of ship a given 
amount of justifiable additional capital expenditure is, 
of course, strictly related to some minimum amount of 
reduced fuel consumption and other resultant gains. 

In the light of all this, one comes back to contempla- 
tion of the steam reciprocator. It is almost sad to 
think that, having served the mercantile marines of 
the world in such a valuable and dependable way as 
it has done, it now only forms a portion of the half 
share which the use of the Diesel engine has left for 
steam. With Scotch boilers, it has been closely allied 
to our native coal, but the modern high cost of pro- 
ducing and handling this commodity can only have 
a still further effect in reducing the demand for the 
type. There was a time, shortly after the 1914-18 war, 
when the use of the Diesel engine threatened rapidly 
to overhaul, if not to eclipse, the steam reciprocator, 
and, but for the action then taken to improve its 
economy, it is difficult to say what might have 
happened. Perhaps the easiest of these actions was 
the increase in boiler pressure and mean pressure in 
the engine itself. Before that change, it used to be 
regrettable to observe, in the examination of logs, 
that vessels which on trial had easily steamed at 40 Ib. 
per sq. in. mean referred pressure were operated at powers 
corresponding to little over 20 lb. with disgustingly 
low economy. There was nothing for it but to reduce 
the engine sizes—an action which, at the outset, was 
not always favoured—so that, in service, the more 
economic condition of 30 Ib., and latterly much higher, 
resulted. The general adoption of forced draught, 
air-heating, superheat, re-heat, more efficient valve 
gear, and various proprietary types of engines, gave 
further improvement. Collectively, these various 
mechanical features, combined with substantial im- 
provements to hull-form and propeiler design, by means 
of which the amount of power for a given speed was 
much reduced, generally had the effect of halving the 
coal consumption. This, as well as the resultant 
reduction of about 20 per cent. in the steaming weight, 
together with the smaller amount of fuel carried, 
enabled the coal-burning vessel of the same dimensions 
to carry an appreciable additional amount of dead- 
weight cargo, and on such a round voyage as U.K.-Plate 
also avoided costly re-bunkering at the Cape Verde 
Islands on the homeward voyage. 

Except among those closely concerned with the 
subject technically, it is, perhaps, not widely realised 
how much was done for the steam tramp by these 
various measures during the inter-war years, so giving 
it a new lease of life. But there is one thing certain 
to-day, and that is, whatever further improvement 
may be in store for the steam reciprocator, it can 
never be of the magnitude of all those efforts to which 
I have just made reference. Apart from features of 
mechanical design and detail, there is, of course, some 
scope in the rate of revolutions. It is somewhat strange 
that, where there has been a general tendency readily 
to accept higher revolutions in the Diesel engine, such 
have not been acceptable in the case of the steam 
reciprocator. 

As far as the larger vessels are concerned, coal, as 
a fuel for marine use, has almost passed beyond all 
considerations of modern ship design. Its cost alone 
has become prohibitive, and without entering into 
current controversy on this subject, it may suffice to 
make a passing reference to the fact that there was a 
time when our exports of coal, together with bunkers, 
amounted to about 100 million tons per annum. 
The great value of that export in our external trade 
balance, as well as its transport, providing work for 
our ships, would seem to have gone; and worse, we 
have reached the stage when we must actually import 
more of our fuel in the form of oil. It is a fearful 
thought that, some months ago, the Minister of Fuel 
and Power stated that, for some time to come, we 
should not have enough coal for industrial purposes, 
and actually advised industrialists to turn to oil, 
which is an import. From the national point of view, 
such deterioration can only be most regretfully con- 
templated, and it would seem to be leading to a condi- 
tion in which coal as fuel for all kinds and sizes of 
ships will only in very rare cases receive consideration 
in ship design. An emphasis of this state of affairs 
is now seen in the frequency with which, on our own 
coasts, coal cargoes are carried in Diesel-driven ships ; 
it almost seems incongruous to use the term “ Diesel 
collier,” but the type is now definitely with us. This 
is a sad state of affairs, especially when it is remembered 
that, not many years ago, the great majority of oil- 
carrying vessels actually used coal as fuel. To stage 
a “‘ come back ”’ for coal as a marine fuel, one wonders 
if it would be worth while to devote some new research 
as to the possibilities of utilising gas-producer plants 
instead of boilers, but here again, the adoption of any 
technical advance in this direction will depend on the 
price of the coal. 

(To be continued.) 
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130-B.H.P. LEYLAND GOODS 
VEHICLES. 


Two new ranges of motor goods vehicles have recently 
been designed by Messrs. Leyland Motors, Limited, 
Leyland, Lancashire, and it is hoped that they will 
reach the initial stages of production in substantial quan- 
tities within the next few months. One of these ranges, 
which is intended for use at home, will comprise six 
chassis. The leading particulars of these vehicles are 
set out in Table I, which also give’ the names by which 
they will be known later. The overall and frame widths 
of these vehicles are 7 ft. 53 in. and 3 ft., respectively, 
while the front and rear tracks are 6 ft. 2 in. and 
5 ft. 8 in. Overseas users will be able to choose 
between two-axle and three-axle models, of which 
particulars and names are given in Table II. These 
are all of the bonneted type, and have an overall width 
of 8 ft. 114 in. when fitted with 11-00 by 20 tyres. 
With 12-00 by 20 and 13-00 by 20 tyres, the widths 
are somewhat greater. 
6 ft. 5 in. and 5 ft. 11 in., respectively, with the smallest | 
size of tyres, and the frame width is 3 ft. 0} in. Com- | 
pared with the earlier models, the vehicles in the new | 
ranges are equipped with a 130-h.p. instead of a 100-h.p. | 
engine, while the clutch, though still of the single dry- | 
plate type, has been improved. The gearbox is fitted | 
with five speeds instead of four; the rear axle has an 
overhead worm drive with 9 in. centres; and where 
there are two rear axles, both are driven, and the | 
trunnion is mounted on rubber bushes. The engine, | 
gearbox and chassis details, have all been the subject 
of research and experiment ; and the prototypes have 
been fully tested on the hilly Lancashire roads. | 
Although, as will be seen by reference to the tables, 
some units are common to both the home and overseas | 
ranges, the latter, generally speaking, have been | 
designed for rougher conditions. Moreover, they are 
wider, are equipped with air-operated, instead of hydrau- 
lically-operated, brakes, have wider brake linings, a 
longer wheelbase, and are fitted with longer springs. 
They are also bonneted and have a radiator protected 
by a stone-guard, instead of being fitted with a con- 
cealed stack as on the forward-control home models. 
Finally, they can be supplied with either right- or left- 
hand control. 

Photographs of the engine are reproduced in Figs. 
1 and 2, and its construction is illustrated in Figs. 3 and 
4, on the opposite page. The engine is common to all 
the vehicle models, and is perhaps the most interesting 
feature of the new ranges. It is of the six-cylinder 
direct-injection compression-ignition type, with a bore 
of 4-8 in. and a stroke of 5-5in. Although it is mainly 
manufactured of cast-iron, its weight is only 1,600 Ib. 
It forms one unit with the clutch and gearbox, the 
whole being carried in the frame by a flexible mount- 
ing at the front end and by a banjo-type cross-member 
at the rear. Unlike the earlier engines with which 
Leyland vehicles were equipped, the cylinders and 
crankcase in the new unit consist of a monobloc 








The front and rear tracks are | 


| iron casting which is well ribbed and flanged to ensure 
| rigidity. The pre-finished, dry-type, shoulder located 
| cylinder liners can be pushed in by hand and can 
| therefore be replaced without removing the engine 
| from the chassis. The cast-iron cylinder heads are in 
| two identical parts, each of which covers three bores. 
| Both the inlet and the exhaust valves are located in 


TABLE I. Particulars of Leyland Vehicles for Home 


Service. 





























| Wheel m1 i os 
ii yheel- | Overa Body Gross Pay- 
Description. base. | Length. Spaces. Laden load.* 
} Wt. 
| } 
Ft. in. | Ft. in. | Ft. in. Tons. Tons. 
‘* Beaver °’ ; | 
Two-axle long | 
wheelbase ..| 15 23 8/18 6 | 12 7 
Two axle tip- | 
per... .-| 12 6 | 18 5 13 83t}| 12 
‘** Steer”: | 
Three - axle 
twin front | 
axle ata @ 25 53] 20 6 15°5 | 9-75 
“*Hippo”’ : | 
Three-axle 
medium | } 
wheelbase .., 15 6 26 7 21 6 19 12-1 
Three-axle | 
long wheel- 
base lar 29 7 24 6 19 11-9 
**Octopus’ :  ! 
Fouraxle ..| 17 9 29 7 24 6 22 14-3 





* Approximate. tMeasured from back of cab to end of frame. 





TABLE II. Particulars of Leyland Vehicles for Overseas 
Service. 
| | 
. ’ Plat- resent 
Description. Wheel- | Overall form | @T0ss* 





base. | Length. | Length. | — 


Lb. 





| 
| 
| 
' 
| 
| 


Ft. in. | Ft. in. 
‘** Beaver ”’; 








Two axle so ‘ | 16 9 26 5 
Two axle tipper or 
tractor chassis oo] aa 19 10 — 26,880 
“Hippo”: 


45,080 


| 
| 
17 3 | 26,880 
Three axle 


| 
[17 9 |30 0 |20 9 





* With 11-00 x 20 tyres. 
the cylinder heads on the fore and aft centre line of the 
engine and are operated by push rods and rocker levers. 
The exhaust valves are made of special heat-resisting 
steel, while the inlet valves are of heat-treated nickel- 
chrome steel. All the valves are Stellite faced, and the 
stems are chromium plated with the object of increasing 
their life. The valve seats are also Stellite faced and 


are fitted into machined recesses by cooling. 








Fie. 2. 


| fitted with four compression rings and one scraper ring ; 
| an additional scraper ring can be fitted when required. 
|The combustion chamber is machined in the piston 
| crown to form a toroidal cavity for the four-hole fuel 
| injector, which is housed in a tube in the cylinder 
head centrally above the combustion chamber. Polished 
heat-treated alloy steel is used for the I-section 
connecting rods. The big-end bearings are of the 
copper-lead iridium-coated shell type, while those 
for the small ends consist of phosphor-bronze bushes 
|The crankshaft is an alloy-steel forging, which is 
hardened by nitriding. It incorporates _ balance 
weights and is fitted externally, at the front end, with a 
torsional]-vibration damper of the rubber-bonded type. 
|The seven journals are 34 in. in diameter and the 
crankpins 3 in. in diameter. Oilways are provided 
for pressure lubrication to all the bearings, the crank- 
pins being drilled eccentrically to reduce centrifugal 
loading and to act as sludge traps. The camshaft is 
of forged steel with integral cams and is carried in 
|seven bronze bearings in the combined crankcase and 
| cylinder casting. These bearings are pressure lubri- 
'cated from the main oil supply. The camshaft is 
| gear-driven through an idler gear from the front end 
of the crankshaft. The timing gears consist of a 
simple train of helical gears, which also drive the 
camshaft and auxiliaries through an idler gear meshing 
| with a gear-wheel at the front end of the crankshaft. 
| All the gears are hardened. 

| Qil is supplied to the engine from a gear-type 
| delivery pump, which is located in the rear sump 
and is driven by a helical gear from the rear of the 
|camshaft. The rocker gear on the cylinder head 
|is lubricated by an intermittent pressure supply from 
| the second and fifth camshaft bearings The oil used 
| for this purpose lubricates the valve caps, push rods 
| and camshaft tappets on its way back to sump. Oil 
is drawn through a large suction strainer on the pump 
jin the rear sump and before entering the system 
| passes through a filter of the full-flow type. Full 
| pressure is maintained through a by-pass should the 
| filter element become choked. The oil pressure is 
| controlled by a spring-loaded relief valve, which is 
| accessible from the near side of the engine. The total 
| capacity of the lubrication system is about 5} gallons. 
| The injection equipment consists of a C.A.V. fuel 
pump and four-hole injectors. A combined mechanical 
and vacuum-operated governor is fitted at the rear of 
the injection pump, the diaphragm of the vacuum unit 
being connected directly to the pump rack. This 
governor is capable of controlling the engine speed from 
a stable idling speed of about 350 r.p.m. to the maxi- 
mum governed speed of about 1,850 r.p.m. At the 
latter speed, a snap cut-off is provided by the centri- 
fugal unit. A diaphragm-type lift pump, which 
incorporates a hand-priming device, supplies fuel to the 
injection pump under constant pressure. This lift 
pump is mounted on the side of the injection pump 
and is mechanically-operated by the camshaft of the 











The pistons are made of aluminium alloy and are 





latter. Fuel is supplied through a large-capacity filter 
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and also through edgewise filters in each inlet adaptor. 
The excess fuel returns to the fuel tank through a 
leak-off gallery pipe, which is fitted to the injectors 
in the cylinder heads. 

In the cooling system, which includes a four-bladed 
fan, water pump and thermostat, provision has been 
made to direct water on to the nozzle and exhaust- 
valve housings. No aluminium comes into contact 
with water in the radiator system, thus minimising 
corrosion in hard-water areas. The top tank is a 
sheet-brass pressing and the bottom tank a gunmetal 
casting. The cooling stack consists of a number of 
Still-type tubes, each of which is easily removable. 
The whole unit is flexibly mounted on rubber pads and 
is carried on a member which is attached to the front 
engine-support and tied by a‘single rod from the 
radiator top plate to the engine. 

The performance data of the new Leyland engine are 
given in Fig. 5, from which it will be seen that the 
maximum torque is 410 lb.-ft. at 900 r.p.m. This 
is an increase of from 25 to 30 per cent. on previous 
Leyland engines. The fuel consumption is between 











(s784.) 


0-34 pint and 0-36 pint per brake horse-power hour, 
and the compression ratio is 15-75 to 1. 

The engine auxiliaries comprise a Clayton exhauster, 
starter motor and dynamo. The first is fitted on the 
near side of the engine on a common drive to the fuel- 
injection pump. The starter motor is located on the 
off-side of the engine and the 24-volt dynamo, which 
also supplies the lighting system, on the near side. 
This dynamo is operated by twin j-in. V-belts from the 
drive at the front of the engine. 

The clutch, the construction of which is illustrated 
in Figs. 6 and 7, is of the single dry-plate type and is 
16} in. in diameter. It is fitted with non-metallic 
linings, which are } in. thick on the flywheel side and 




















“ENGINEERING” 











“ENGINEERING” 








% in. thick on the pressure-plate side. Cooling is 
effected through radial slots and holes in the flywheel. 
Adjustment for liner wear is effected by the rotation 
of three groups of lugs, which engage in the jaw ends 
of the withdrawal levers. Four stages of adjustment 
are provided in this way before the full thickness of the 
liners is utilised. The clutch centre is carried on an 
involute-splined hub, which can be removed easily from 
the combined input shaft and pinion shaft of the gear- 
box. 

The gearbox on all the vehicles has five forward 
speeds and one reverse speed, and is illustrated in Fig. 8, 
on page 276. The fifth, fourth and third speed gears 
are in constant mesh, the last two of these being 
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of the helical type so as to ensure quiet opera- 
tion. The maximum diameter of the main shaft is 
34 in., while the maximum diameter of the lay shaft 
is 3} in. The ratios are: top, 1 to 1; fourth, 1-75 
tol; third, 3-12 tol; second, 5to1; first, 7-7 tol; 
and reverse, 8-9 to 1. A power take-off meshing with 
the fifth gear can be incorporated on the top or near 
side of the gearbox. Provision is also made for a tyre 
pump to be fitted. The change-speed is mounted on 
the off-side of the engine, the operating lever being near 
the driver’s left hand. 

The frame, illustrated in Figs. 10 and 11, on page 
276, is made up of pressed carbon-steel channel sec- 
tions with riveted and bolted cross-members. The 
two rear driving axles on the ** Octopus * and “ Hippo ” 
chassis are of identical unit construction, the worm 
shaft, which is illustrated in Fig. 9, being coupled 
together by a short Hardy-Spicer universal jointed 
propeller shaft. The axles are attached to inverted 
semi-elliptical springs, which are mounted on trunnion 
brackets. These brackets are, in turn, supported 
on a tubular cross-member, which passes through other 
large brackets secured to the frame. The trunnion 
bearing incorporates a large rubber bush, which 
requires no lubrication and practically no maintenance. 
The suspension springs are secured to the trunnion 
bearings by inclined V-bolts which pass over semi- 
circular clamping pads on the top of the spring assem- 
blies. Torque-reaction members are fitted to each 
axle, these comprising stout ball-ended tubes which 
are secured to the frame at one end and to the worm 
casing at the other. This allows the necessary articu- 
lation to take place when rough country is being 
traversed. The standard axle ratio is 7-33 to 1, with 
the alternative of 8-66 to 1. On the “ Beaver” and 
“Steer”? models, the single rear axle is of the fully 
floating type and is fitted with an overhead worm 
drive with 9-in. centres. The standard ratio is 6-5 to 1, 
with the alternative of 7-33 to 1. 

On all models the front axle is an I-section alloy-steel 
stamping, and Marles cam and double-roller steering is 
utilised on both the right- and left-hand steered models, 
it being claimed that its rolling action reduces wear 
to a minimum and that there is generous adjustment 
for any wear that does develop. The cam is housed 
between thrust races and the roller rotates on phosphor- 
bronze bearings. A steel tube houses the centre shaft, 
which is supported at the top by a needle-roller bearing 
having rubberseals. On the “ Steer” and ‘‘ Octopus ” 
chassis, control of the second front axle is effected by 
a connection from the steering drop arm to a relay 
lever. This is pivoted midway between the axles and 
thence to the steering arm of the second axle. 

On, all the vehicles, the tension sides of the spring 
leaves are shot-blasted to increase their resistance to 
fatigue. On the overseas models they are 5 ft. long, 
and, in addition, helper springs are provided for the 
rear axle. In the case of the ‘“ Hippo” and “‘ Octo- 
pus” models, the rear springs are inverted and are 
secured at their centres to a spring chair which is 
mounted on trunnion bearings. The outer ends of 
these inverted semi-elliptical springs are attached to 
the rear axle by swivelling trunnions. 

The brakes are of the two leading shoe internal- 
expanding type and are wedge operated. The foot 
brake is servo-assisted and operates hydraulically on 
all wheels of the Beaver, Steer and Hippo models, and 
on the first, third and fourth axles of the Octopus. In 
order to provide for fhe heavier loads which vehicles 
are permitted to carry overseas, air-pressure brakes 
with cam operation, as shown in Fig. 9, on page 276, 
are utilised on the overseas models. 





RoyYAL AERONAUTICAL SOCIETY.—The second British 
Commonwealth and Empire Lecture of the Royal 
Aeronautical Society will be delivered by Sir Henry Self, 
K.C.M.G., K.B.E., C.B., Permanent Secretary to the 
Ministry of Civil Aviation, at 6 p.m., on Wednesday, 
September 25, at the Institution of Civil Engineers, 
Great George-street, London, S.W.1. The lecture will 
deal with ‘“ The Status of Civil Aviation in 1946.” 


FELLOWSHIPS AND SCHOLARSHIPS IN EXTRACTION 
METALLURGY.—With the object of advancing research 
and training in extraction metallurgy, the Nuffield 
Foundation are offering a limited number of fellowships 
and scholarships, for which citizens of Great Britain and 
the Commonwealth and Empire are eligible to apply. 
Travelling fellowships are offered to men who are mem- 
bers of the teaching staff of universities and approved 
schools of mines and metallurgy. Travelling post- 
graduate scholarships are offered to junior members of 
the profession who are graduates of universities and 
approved schools of mines and metallurgy. Lastly, 
vacation scholarships are offered to mining and metal- 
lurgical students. Further particulars may be obtained 
from the secretary, Nuffield Foundation, 12-13, Mecklen- 
burgh-square, London, W.C.1. 








BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 

Cast-Iron Baths.—A new amendment slip (reference 
P.D. 523) relates to B.S. No. 1189-1944, which covers 
cast-iron baths for domestic purposes. This increases 
the list of recommended materials for bath panels 
contained in appendix B of the specification, the addi- 
tional materials being “‘ super hardboard ”’ and ‘“‘ pre- 
slabbed tiles.” The slip specifies the requirements in 
regard to quality, external and internal finishes, and 
thickness. [Gratis, enclosing stamped addressed en- 
velope. } 

Fishbolts and Nuts for Rails.—A revision of B.S. 
No. 64, covering steel fishbolts and nuts for use with 
railway rails has recently been issued. The new publi- 
cation represents a considerable advance on the earlier 
edition, which was prepared and issued in 1913. The 
principal features in the revision concern the quality 
of the steel, the unscrewing test, the screw threads, the 
range of sizes, and the weights of the bolts and nuts. 
The mechanical properties of the steel from which the 
bolts and the nuts are made are specified separately. 
Provision has been made also for tests on finished 
bolts, due regard being paid to work-hardening dur- 
ing manufacture. The conditions for carrying out 
the unscrewing test on bolts up to # in. in diameter 
and those for conducting the test on bolts over } in. in 
diameter, have been specified separately. The weights 
to be supported have also been adjusted. The Whit- 
worth screw-thread dimensions have been revised so 
as to be in accord with B.S. No. 84-1940. As an 
alternative to the spanner test, the bolts and nuts 
may be ordered to comply with the “ medium fit ” 
tolerances specified in B.S. No. 84. The threads may 
be either B.S.F. or B.S.W., as required by the pur- 
chaser. The dimensions of bolts for use with bull- 
head (70 Ib. to 100 Ib. range) and flat-bottom rails 
are now included. For bull-head rails two alternative 
designs for the bolt head and nib are given. The 
dimensions of the bolts for use with flat-bottom rails 
are restricted to bolts for use with fish-plates of the 
sections covered by B.S. No. 47-1928. The weights 
of the bolts and nuts are now specified. [Price 2s., 
postage included.] 








BOOKS RECEIVED. 


The Railway Handbook, 1946-1947. Compiled under the 
direction of the Editor of The Railway Gazette. 
The Railway Publishing Company, Limited, 33, 
Tothill-street, Westminster, London, S.W.1. [Price 
5s8.] 

Administration Report of the Aden Port Trust for 1944- 
1945. The Chairman, Port Trust Office, Aden. 

A Guide to Drawing Office Tracing. By P. W. BAKER. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 7s. 6d. net.) 

Aircraft Engines of the World, 1946. By Pact H. WIL- 
KINSON. Sir Isaac Pitman and Sons, Limited, Parker- 
street, Kingsway, London, W.C.2. [Price 45s. net.) 

South Africa. Electricity Supply Commission. Twenty- 
Third Annual Report for the Year Ended 31st December, 
1945, with a Brief Review of Its Activities up to 30th 
April, 1946. Offices of the Commission, Escom House, 
Rissik-street, Johannesburg, South Africa. 

British Welding Research Association. Technique for the 
Gas Welding of Magnesium Alloys. The Director of 
Research, British Welding Research Association, 
29, Park-crescent, London, W.1. [Price 2s., post free.} 

Smithsonian Institution, Washington. Report on the 
Progress and Condition of the United States National 
Museum for the Year Ended Jyne 30, 1945. Superin- 
tendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C., U.S.A. [Price 25 cents.) 

** Mechanical World’? Monographs. No. 23. Installation 
and Care of Electrical Power Plant. Emmott and 
Company, Limited, 31, King-street West, Manchester, 
3. [Price 3s. 6d. net.] 

Dawn of the Space Age. By HARRY HARPER. Sampson 
Low, Marston and Company, Limited, 43, Ludgate-hill, 
London, E.C.4. [Price 8s. 6d. net.] 

Bofors. En Kanonindustris Historia. By BIRGER 
STECKZEN. Aktiebolaget Bofors, Bofors, Sweden. 
{Price 23 kr.] 

The Institute of Metals. Monograph and Report Series 
No. 3. Atomic Theory for Students of Metallurgy. 
By Dr. WittiAM HuMeE-RoTHERY, F.R.S. Offices 
of the Institute, 4, Grosvenor-gardens, Westminster, 
London, 8.W.1. [Price 7s. 6d., post free.]} 

United States National Bureau of Standards. Basic Radio 

Propagation Predictions for November, 1946: Three 

Months in Advance. Superintendent of Documents, 

U.S. Government Printing Office, Washington 25, 

D.C., U.S.A. [Price 15 cents.] 
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PERSONAL. 


THE Hon. R. A. BALFOUR, assistant managing director 
of Arthur Balfour and Company, Limited, steel manufac. 
turers, Sheffield, has been elected Master of the Company 
of Cutlers in Hallamshire. The new senior warden of the 
Cutlers’ Company will be Mr. E. W. SENIOR, and the 
junior warden, Mr. J. P. Hunt. 


LORD RIVERDALE, G.B.E., LL.D., is retiring from the 
chairmanship of the Advisory Council to the Committee 
of the Privy Council for Scientific and Industrial Research, 
after serving in that capacity for nine years. Mr, 
GEOFFREY HEYWORTH has accepted the invitation to 
succeed Lord Riverdale as chairman. He will assume 
office on October 1. 


PROFESSOR H. W. MELVILLE, F.R.S., who occupies the 
Chair of Chemistry in the University of Aberdeen, 
has been appointed a member of the Advisory Counci} 
for Scientific and Industrial Research, as from October 1 
in succession to StR FRANKLIN SIBLY. 


Sm G. TRISTRAM EDWARDS and SIR A. MURRAY 
STEPHEN, M.C., have been elected chairman and vice- 
chairman, respectively, of the Council of the British 
Shipbuilding Research Association, for the ensuring year. 
The retiring chairman and vice-chairman were Sir 
WILFRID AYRE, J.P., and Sir G. TRISTRAM EDWARDs. 


Mr. W. W. STEVENSON, F.R.I.C., F.1.M., assistant 
director, Research and Development Department. The 
United Steel Companies, Limited, has been appointed 
chief metallurgist, Dorman, Long and Company, Limited, 
Zetland-road, Middlesbrough. 


Major P. G. ROBERTS, M.P., has joined the board of 
directors of Newton, Chambers and Company, Limited, 
Thorncliffe, near Sheffield. 


Mr. NORMAN ANDERSON, who until recently was 
assistant chief designer of the Auxiliaries Division of 
Rotol Limited, and has been concentrating on aircraft 
pressure-cabin supercharging and air-conditioning miat- 
ters, has now joined the staff of Sir George Godfrey and 
Partners, Limited, Hampton-road, Hanworth, Middlesex, 
as chief designer. 


Mr. J. W. CANTILLION, who was appointed secretary 
of the American Bureau of Shipping, 45, Broad-street, 
New York 4, N.Y., U.S.A., in October, 1913, retired on 
August 31, after 48 years’ continuous service with the 
Bureau. 





Mr. F. H. Rayer, who joined Brush Coachwork, 
| Limited, in 1944, as chief designer, has now been 
appointed chief engineer of the company. Mr. J. 
HARRISON, who comes to Brush Coachwork, Limited, from 
Mumford Body and Engineering Company, Limited, 
Lydney, Gloucestershire, has been appointed production 
manager of the company. 


Mr. F. L. KesseL, who controls Messrs. G.P.U. 
Limited, and the Electroplant Company, Palace of 
Engineering, Wembley, Middlesex, has changed his name 
by deed poll to FREDERICK LLOYD-KESSEL, by which 
| he will be known in future. 


| 
| 
| 
| 


A close association has now been formed between 
Messrs. E. H. JONES (MACHINE TOOLS), LIMITED, 
| Edgware-road, The Hyde, London, N.W.9, and MESSRs. 
| C.V.A. Jigs, MOULDS AND TooLs, LIMITED, Hove and 
| London, by which the two companies will work together 

on the production and sales of the C.V.A. range of 
|} machine tools. Mr. E. ARON, managing director of 
| Messrs. C.V.A., has joined the board of Messrs. E. H. 
| Jones, and Mr. W. HADLEY, previously sales and export 
| manager of the C.V.A. machine-tool division, has been 
made general sales manager to Messrs. E. H. Jones. 
Mr. T. J. Corcoran, formerly technical sales repre- 
sentative for the Midland area of Messrs. C.V.A., has 
also joined the staff of Messrs. E. H. Jones. 





MESSRS. DOLBY AND WILLIAMSON, consulting engineers, 
have removed to 147, Victoria-street, Westminster, 
London, S.W.1. (Telephone: VICtoria 2762.) 


The Board of Trade announce that Mr. E. S. A. 
BAYNES has been appointed United Kingdom Trade 
Commissioner at Dublin. He has taken up duty pre- 
paratory to the departure, on September 30, of MR. 
G. F. BRADDOCK, C.M.G., O.B.E., on retirement from the 
public service. Mr. W. Goprrey, formerly First Secre- 
tary (Commercial) at Paris, has been appointed H.M. 
Trade Commissioner, Grade I, at Calcutta. 


The name of THE INSTITUTE OF ENGINEERING ISO- 
METRICIANS has been changed to THE INSTITUTION OF 
ENGINEERING DRAUGHTSMEN AND DESIGNERS. The 
honorary secretary is Mr. E. C. W. Sawyer, King Edward 
Building, 341, Regent’s Park-road, London, N.3. 


THE Forp Moror CoMPANy, LimITep, Dagenham, 
Essex, and Messrs. RANSOMES, SIMS AND JEFFERIES, 
LIMITED, Ipswich, have entered into a working arrange- 
ment for the provision of hydraulically-operated imple- 
ments of the mounted type which will operate exclusively 
with the Fordson Major tractor. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Scottish Steel.—The bricklayers’ strike has not been 
settled at the time of writing, and production is being 
maintained with great difficulty. One or two steel 
furnaces have been put out of action for want of repairs, 
and more will become inoperative very shortly unless 
normal labour relations are restored. The Steel Control 
has issued an instruction to sheetmakers to submit at 
once @ list of orders on hand for sheets of No. 12 gauge 
and thinner which makers find they cannot roll by 
October 31. A cancellation notice is to be sent to 
customers in these cases, and a list of the cancelled 
orders is to be sent to Control Headquarters. The 
impression is that Control will scrutinise the lists of all 
authorisation “‘ M ” forms thus submitted, and reconsider 
all orders not of paramount importance. It is thought 
probable that a substantial number of orders will be 
cancelled. The inordinate length of delivery dates for 
thin sheets has made some such investigation necessary. 
It is understood that stockholders’ specifications and 
sheets ordered under licence are not affected. The need 
for the step taken is shown by the fact that users are now 
unable to place orders for delivery before the second half 
of next year. The reduction of thin-sheet orders will 
improve the delivery prospects for housing and other 
sheets required by high-priority consumers, as approved 
by the Government departments concerned. Plates, 
sections, and bars are in heavy demand, but the delivery 
position in these products is much better than that 
obtaining for thin sheets, and it is not thought that 
orders for the heavier types of steel products will be 
called in question. 


Scottish Coal.—Recent events have centred round the 
problem of maintaining supplies to and rebuilding the 
stocks of public-utility undertakings. The new directions 
issued to collieries at the end of August are working 
smoothly, and both gasworks and electric power stations 
are slowly building-up their depleted stocks. So far, 
industrial deliveries have been kept up satisfactorily. 
The rumour that electricity might have to be rationed 
finds no support in Scotland. The new directions now 
in operation for nearly three weeks are ample guarantee 
that Scottish electricity works will not have to shut 
down; if the programme should be interrupted by 
strikes, however, there will be a serious loss of supplies, 
but the gas and electricity works will be the last to suffer, 
according to the present programme. The Ministry of 
Fael and Power have issued a closing-down notice to the 
men at Stane Colliery, Shotts, to take effect this week-end. 
The frequent strikes occurring there are the immediate 
cause. About 240 men will be transferred elsewhere ; 
Stane was producing about 200 tonsaday. East country 
areas have been working very well and outputs are re- 
ported to be almost on the same relatively high level as 
prevailed just before the summer holidays. 





ROYAL AERONAUTICAL Socrety.—Applications for the 
next associate-fellowship examinations of the Royal 
Aeronautical Society, to be held in December, 1946, must 
be received by the secretary, 4, Hamilton-place, Picca- 
dilly, London, W.1, not later than September 30. Can- 
didates studying for these examinations under the current 
syllabus will be examined under that syllabus, but members 
are reminded that a new syllabus for the associate-fellow- 
ship examinations will come into force on January 1 
of next year. 





INDUSTRIAL RESEARCH INSTITUTE MEDAL, NEW YORK. 

The first award of the Industrial Research Institute 
Medal has been made to Dr. W. R. Whitney, formerly 
director of the research laboratory of the General Electric 
Company, Schenectady, N.Y., U.S.A. The Medal has 
been founded by the Industrial Research Institute. 
60, East 42nd-street. New York 5, N.Y., U.S.A., and 
is given for outstanding contributions in the field of 
industrial research. It will be presented to Dr. Whitney 
on October 17, during the autumn meeting of the 
Institute. 





THIRD-ANGLE PROJECTION ON ENGINEERING DRAW- 
INGS.—The British Standards Institution are giving wide 
circulation to a memorandum prepared, by technical 
committee MEE/10, on engineering drawing-office prac- 
tice, with the object of ascertaining the opinion of British 
industry regarding the proposal to adopt third-angle 
projection as the British standard method of projecting 
views on engineering drawings. The proposal is made on 
the basis of the recommendations of the Ottawa Con- 
ference, held in the autumn of 1945, on the Angto- 
American unification of certain engineering standards. 
The memorandum, which is issued by the Institution at 
28, Victoria-street, London, S.W.J, goes into the matter 
of first-angle and third-angle projection very fully, and 
concludes by asking engineers whether they are in favour 
of adopting third-angle projection as the standard method, 
or whether they have any other constructive proposals 
to put forward which would facilitate the quest for a 
unified method of projection. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Local brands of pig-iron are in fair 
supply and are rapidly taken up. Reduced coke pro- 
duction, however, is hampering operations. Finished 
iron is in stronger request. Manufacturers in the lighter 
industries complain of an insufficient supply of sheets 
and bars of high-carbon steels, and the shortage is 
bringing departments to a standstill at times. It is 
urged that steelmakers should be directed to concentrate 
more upon high-carbon than low-carbon steels. A 
Sheffield firm, Colliery Engineering, Limited, has secured 
a contract of a value of about 500,0001. for new surface 
plant and equipment at the Moseley Common Colliery 
of Manchester Collieries, Limited. The Moseley Common 
plant will be the largest in the country. All colliery- 
engineering concerns in the district have a great deal of 
work on hand. 

South Yorkshire Coal Trade.—Race week holidays 
have reduced production very considerably, and although 
prior arrangements were made, it has not been possible to 
meet requirements. Washed and graded steams have 
been in short supply, and there is little to offer for several 
weeks ahead. Gas coal is in urgent request and the 
demands for coking coal are greatly in excess of the allo- 
cations, which are of mixed types of coal. House coal 
is fully taken up for the domestic, gas and coking coal 
markets. The demand for coke is heavy, and there is a 
strong request for Coalite. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Increasingly embarrassing condi- 
tions in the North-Eastern iron and allied industries 
have to be reported. Buyers of nearly all commodities 
are pressing for larger deliveries under extensive running 
contracts, but producers are hampered by the congestion 
of order books. The aggregate tonnage output is at a 
high level, but falls considerably short of current require- 
ments and the demand continues to increase. Ironstone 
is obtainable in sufficient quantities to cover users’ 
requirements, and high-grade foreign ore is in fairly good 
supply, but the fuel situation still occasions uneasiness. 
Pig-iron consumers are buying to the limit of their allo- 
cated tonnages and the demand for all classes of steel 
continues to exceed by far the sources of supply. 

Foundry and Basic Iron.—High-phosphorus pig iron 
is in better supply, but still larger quantities are needed 
by manufacturers of light castings to enable them to 
keep pace with their delivery obligations. The local 
production of foundry pig is now very small and inter- 
mittent, but parcels from other iron centres are reaching 
works in the Tees-side zone regularly and some increase 
in the already large quantities of Midland brands arriving 
at North-East Coast foundries is anticipated. The 
whole of the output of basic iron is passing promptly 
into use at the makers’ own steel-producing plants. 


Hematite, Low-Phosphorus and Refined Iron.—The 
distributable tonnage of East-Coast hematite is ample for 
home purposes, but merchants are still unable to secure 
export licences to enable them to handle extensive 
business offered from customers abroad. Stocks at 
makers’ yards are understood to be quite considerable 
and are steadily increasing. The expanding demand 
for low- and medium- phosphorus grades of iron is likely 
to tax the output capacity. Refined-iron manufacturers 
are actively engaged. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are dealing satisfactorily 
with the demand for most descriptions of material, but 
requirements for all classes of steel far exceed the quan- 
tities obtainable and are still rapidly increasing. Large 
supplies of steel semies are wanted. The shortage of 
prime billets is acute and maximum deliveries of bars 
are needed to keep the sheet mills in full operation. 
Plate and sheet manufacturers are too extensively sold 
to entertain new business for delivery earlier than during 
the second quarter in 1947. Makers of rails, railway 
chairs, points and crossings have heavy commitments 
and firms turning out joists and sections have good 
bookings, while producers of pit props, arches and colliery 
roofings are well sold and busily employed. 

Scrap.—tTransactions in iron and steel scrap are 
numerous and substantial. The ample supplies are able 
to meet the strong demand for good cast iron, machinery 
metal and heavy steel scrap. 





NAVAL AVIATION.—The Admiralty have decided to 
discontinue the use of the terms “ Fleet Air Arm ” and 
** Naval Air Arm,” except that the former may be used 
historicaliy. Air-crews, pilots, aircraft and maintenance 
personnel should be so described with, if necessary, the 
prefix ‘‘ Naval” to avoid confusion with other Services. 
The term “ Naval Aviation ’’ should be employed to 
describe the organisation, within the Royal Navy, 
concerned with aviation. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 
ham Centre: Tuesday, September 24, 6.45 p.m., James 
Watt Memorial Institute, Great Charles-street, Bir- 
mingham. Brains Trust Meeting. (Preceded by the 
Annual General Meeting of the Centre at 6.15 p.m.) 

INSTITUTION OF CIVIL ENGINEERS.—Thursday, Sep- 
tember 26, 5.30 p.m., Great George-street, Westminster, 
S.W.1. Joint Meeting with the InsTITUTION OF ELEC- 
TRICAL ENGINEERS. Parsons Memorial Lecture on 
“ Recent Developments in Optical Glass Manufacture,” 
by Sir Hugh Chance. 

ROYAL STATISTICAL SocieTy.—Industrial Applications 
Section: Thursday, September 26, 6.30 p.m., The Royal 
Victoria Station Hotel, Sheffield. “ What Statistics 
Can Do in Industry That Other Methods Cannot Do,” 
by Mr. A. W. Swan. Friday, October 4, 6.30 p.m., The 
E.L.M.A. Lighting Service Bureau, 2, Savoy-hill, Strand, 
W.C.2. “ Statistics in America,” by Mr. M. Milbourn. 

INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Western Branch: Thursday, September 26, 6.45 p.m., 
The Engineers’ Club, Albert-square, Manchester. Admin- 
istration and Production Group Lecture on “ Heavy 
Machine Tools: Their Requirements and Accuracy,” 
introduced by Mr. J. H. Rivers. Yorkshire Branch: 
Thursday, October 3, 7 p.m., The Hotel Metropole, 
Leeds. ‘‘ Some Notes on a Superimposed High-Pressure 
Power Plant,”’ by Mr. T. H. Carr. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Sep- 
tember 27, 6.30 p.m., 39, Victoria-street, Westminster, 
S.W.1. Informal Meeting. Film Display by the Timber 
Development Association. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
October 1, 6.30 p.m., Sheffield Metallurgical Club, 198, 
West-street, Sheffield. ‘“‘ The Education Committee and 
Technical Education: Future Developments,”’ by Alder- 
man J. H. Bingham. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 


The Welsh Coal Trade.—Conditions in the South Wales 
coal trade have shown no marked improvement and 
supplies of nearly all qualities have been short. Slightly 
better outputs have helped the supply for the home 
market, but there is still no surplus for export, which 
has remained within very small limits. Occasional 
shipments of good anthracite grades have been made to 
Canada and quantities of the best steam bunker coals 
have been released for the restocking of foreign depots. 
Apart from this, however, trade has mainly centred in 
the home section, though some of the inferior sorts have 
been going to France, Holland, Denmark, Italy and 
Ireland. Inland, there has been a persistent demand for 
practically all purposes, and as there is no sign of any 
reduction in this demand, general export activities are 
not likely to increase. Practically every class of coal 
could find a ready outlet among the large number of 
home consumers, and unless means can be found for 
increasing output quickly, there is not likely to be any 
material improvement on present business. Among the 
large descriptions, there is practically nothing free for 
sale, and all sizes are well booked up and hard to get. 
Smalls are in keen request and only some of the lowest 
grades are obtainable. Cokes are in good demand and 
patent fuel is fully booked up. ‘The supply of French 
pitwood has stopped as the result of disagreement over 
prices. 

Swansea Steel-Sheet Industry.—The market report of 
the Incorporated Swansea Exchange states that, last 
week, there was little if any change in the condition of 
the tin-plate industry. The demand showed no signs 
of relaxing and was in excess of the current production. 
Makers have full order books for the current period and 
have taken a fair number of orders for delivery during 
the next quarter and even later. In the export market 
many inquiries continue to be received from buyers, 
but makers have Httle to offer and only a small number 
of sales have been effected. Steel sheets are in demand, 
but as makers are heavily committed, orders can only be 
placed for delivery during the first quarter of 1947 and 
later. The iron and steel scrap market continues to be 
quiet. 





THE PRICE OF ALUMINIUM.—The Minister of Supply 
has announced that, as from September 9, the price of 
virgin aluminium in ingot or notch-bar form was in- 
creased from 671. to 721. 15s. per long ton, delivered into 
consumers’ works. The new price applies to metal of 
99 per cent. to 99-5 per cent. purity, with premiums for 
higher purities. This price increase, it is stated, is conse- 
quent upon the cost of the metal under the Ministry’s 
Canadian contract having risen on account of the change 








in the rate of exchange. 
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REPAIR AND MAINTENANCE OF 
SIGNAL RELAYS; L.P.T.B. 


AN increase in track mileage of some 25 per cent. 
was provided for in the railway-extension scheme of 
the London Passenger Transport Board, which, before 
the war, was known as the “ 1935-1940 Programme.” 
Incidentally, these extensions and the modernisation of 
existing lines will involve an increase in the number of 
signal relays installed and maintained by the Board 
from 13,000 to about 23,000. Assuming overhaul and 
reassembly are effected every five years, this would 
require a workshop with a capacity of 100 complete 
overhauls a week on routine maintenance, together with 
additional space for contingencies and further increases 
in track mileage. To meet these requirements in the 
most economical way, the relay shop at the signal over- 
haul works of the Board at Lillie Bridge has been re- 
organised and laid out on a progressive working system 
to the designs of Mr. R. Dell, the signal engineer. 
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This new layout and overhaul scheme, which has 
been in part operation since last May, provides for 
the stripping, repair or renewal of parts, as well as for 
the reassembly and testing of relays on a progressive 
basis. Each employee deals with one process only, ; ). NSU 
instead of performing most or all of the necessary | evenness of the contact tips. In the next section, jigs 


operations. Rigorous examination tests are made at 
each stage of the process, in addition to the final testing 
and inspection. 

The operating sequence adopted is that relays need- 
ing overhaul are collected from the outlying depots 
and stations and brought to Lillie Bridge by road. 
They are then taken to the overhaul section, which is 
in a gallery running round the main shop, and here they 
are dismantled, stripped and cleaned. They are next 
examined to determine whether ‘the parts are to be 
scrapped or repaired. A complete set of parts for the 
contact unit is placed in @ tray with a record card and 
label, and the first stage in the overhaul process proper 
consists of setting the contacts. For this purpose a 
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special fixture is used to ensure a standard relation 
between the upper and lower contact faces. Carbons 
are also ground to a uniform height in this section, after 
which the relay top and the assembly of the whole top 
panel are tested electrically and adjusted to. ensure 


are used to ensure that the coils and laminations have 
been assembled accurately. Vane assemblies are 
checked in the next section by being passed through a 
gap which gives a 0-001-in. tolerance on each side of the 
blades, thus ensuring flatness and correct right-angle 
setting on the spindle. The fixed screws in the spindle 
bearing are examined microscopically for flaws. The 
vane assembly is next fitted to the “ ironwork,” the 
end-shake of the shaft and the exact setting of the vanes 
in the air gap being adjusted, and the whole iron and 
vane system is then fitted to the relay top. The relay 
is then ready for the final mechanical and electrical 
tests, after which the side panels are re-assembled and 











the unit is screwed up and sealed. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 


Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdon .................... £3 5 0 
For Canada— 
Thin paper copies ................ £2 18 6 
Thick paper copies _............ £3 3 0 
For all other places abroad— 
Thin paper copies ................ £3 3 0 
Thick paper copies ............ £3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,”’ etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under ‘Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








INDEX TO VOL. 161. 


The Index to Vol. 161 of ENGINEERING 
(January-June, 1946) is néw ready and will 
be sent to any reader, without charge and 
postage paid, on application being made to the 
Publisher. In order to reduce the consump- 
tion of paper, copies of the Index are 
being distributed only in response to such 
applications. 
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ENGINEERING ASPECTS OF 
THE LONDON TRAFFIC 
PROBLEM. 


THE object of the conference on London Traffic 
and the London Pian, which was organised by the 
Engineering Section of the British Association and 
was held in London on Thursday and Friday of last 
week, was to discuss the extent to which the re- 
planning of large cities is likely to be affected by 
traffic conditions, and all that is implied therein. 
Such a conference was certainly opportune ; it was 
probably overdue. Enemy action during recent 
years, as well as other more peaceful factors, will 
necessitate the rebuilding of large parts of London, 
while the former provices such a chance to combine 
the rebuilding with the construction of new traffic 
arteries and the improvement of existing ones as is 
not likely to recur. The result, it is hoped, will be 
better communications and reduced congestion. 

This is so generally recognised that it is not 
surprising that during the past few years three 
comprehensive reports, dealing with the City, the 
County, and Greater London, respectively, have 
been published. These cover every aspect of the 
problem to a greater or lesser extent. In addition, 
the report of the Railway (London Plan) Committee 
is concerned, as its title indicates, with a detailed 
examination of the railway aspect of the question. 
To go back a little farther, one or other phases of 
the subject were dealt with in a report of a Select 
Committee in 1930, by an Advisory Committee of 
the London County Council a year later, and by 
the London and Home Counties Traffic Advisory 
Committee in both 1936 and 1938. Even this does 
not complete the list, and we could quote authorities 
not only as far back as the beginning of the century 
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but as early as the times of the Tudors for confirma- 
tion of the statement that this problem is age-old, 
if not perennial. It will be sufficient, however, to 
point out that much evidence is available which 
should illuminate the situation and provide a basis 
upon which an opinion might be formed and action 
taken. 

Unfortunately, an examination of this mass of 
evidence and these voluminous reports discloses the 
fact that there is little appreciation of the real 
engineering problems involved in the proposed 
schemes of railway and road improvement; and 
still less of the financial details which will be neces- 
sary to bring them to fruition. This is perhaps 
inevitable, since any body upon which is laid the 
duty of producing within a reasonable time a report 
on so complicated a subject as London traffic 
cannot wait while full surveys are being made and 
estimates prepared. The result is that the financial 
aspect of the situation tends to be treated in general 
terms only; and even then it is usually accom- 
panied by the proviso that the estimates may have 
to be revised when the schemes have been more 
fully examined. The public, however, have by now 
become so accustomed to Gargantuan figures of cost 
that they are neither interested in, nor impressed by, 
this mode of presentation. It would be wiser, there- 
fore if the expenditure could be itemised and, if 
possible, means could be found for relating it to some 
familiar standard. Perhaps this could best be done 
by preparing a form of balance sheet which would 
indicate, as closely as possible, what benefits it is 
hoped will be derived from the financial outlay. 
This will assist the public to decide for themselves 
whether the game is likely to be worth the candle. 

In making such an examination the critic will 
do well to recollect, as Sir William Halcrow pointed 
out at the conference, that there is some danger of 
planning on too large a scale. These ample schemes 
of railway and road reconstruction, to mention only 
two of the matters which were dealt with, may be 
necessary, but before coming to a decision on that 
point, however, it should be remembered that the 
pattern of London’s population is both kaleidoscopic 
and diminishing; and that not only may fewer 
facilities be required in the distant future, but that 
they may not be needed in the same directions. As 
an illustration of this point, one of the most impor- 
tant suggestions regarding railway communication 
is that a number of new underground lines should 
be constructed, with the abandonment of the exist- 
ing terminals and the river crossings approaching 
them. As it is proposed that the land thus freed 
should be utilised for the construction of flats, there 
is some possibility that the volume of suburban 
traffic in South London may be reduced or the course 
of its flow altered. Any large-scale evacuation of 
Government offices from the metropolis, such as has 
been suggested, might have the same effect, as 
might also the construction of satellite towns and 
the growing desire of those who find the present 
communication system increasingly burdensome, to 
live near their work. Mr. F. Gribble’s statement 
that railways can cope with the traffic by less drastic 
means than those suggested should not, therefore, 
be ignored. The same arguments equally apply to 
any widespread scheme of road construction. 

With this broad proviso it will be generally agreed 
that some reconstruction of both railways and roads 
is necessary. It is therefore desirabie, and should 
also be possible, to enumerate certain broad engin- 
eering principles which would be applicable what- 
ever plan were adopted ; and which, though they 
would not obviate the necessity for subsequent 
detailed work, would throw upon the problem the 
much needed light of realism. The various reports 
on the subject, to which we have already referred, 
provide a basis for the performance of this task, 
not because they consist of sound engineering detail, 
but because they indicate both the views and require- 
ments of a number of authorities, such as town 
planners, architects, economists and others. At this 
stage the engineer’s role would be the construc- 
tive one of using his specialist knowledge to provide 
what these experts require; and thus of showing 
what can be done and also what is impossible by a 
process of reductio ad absurdum. If the advis- 
ability of this procedure is accepted, last week’s con- 
ference was not altogether successful in the initiation 
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of such a scheme. Of the eight authors who pre- 
sented papers, too many occupied both time and 
space in criticising the various plans and devoted 
small attention to showing whether those plans 
could be carried out and, if so, in what way. The 
discussion, though often informative and sometimes 
amusing, was also destructive rather than construc- 
tive. Treatment of this kind is not required at 
the present juncture. 

Mr. V. A. M. Robertson, however, in a paper which 
dealt with the railwayside ofthe problem, showed that 
to put the present main-line station at Charing Cross 
underground would cost about 17,000,000/., if only 
suburban traffic were dealt with, and would give rise 
to difficult engineering problems, not only in con- 
nection with the construction of tunnels but in the 
provision of lifts and escalators on a scale much 
larger than has hitherto been encountered. In this 
connection, Mr. J. C. Martin’s observation on the 
difficulty of dealing with the spoil excavated is 
relevant. He estimated that the excavation neces- 
say to carry out the London Railway Plan would 
produce 50 million cubic yards of material, or one 
square mile 50 ft. high, the disposal of which alone 
would prove no light task, either in equipment, 
labour or money. Mr. H. F. Cronin, dealing with 
another phase of the problem, indicated that the 
congestion of cables, pipes and sewers under the 
roads equals, if it does not exceed, that of the traffic 
on the roads. As the standard of living rises the 
demand for space for these purposes will increase, 
while the road widenings suggested will necessitate 
the shifting of shallow services or sinking them under 
the roadway. Such operations may cost from 201. 
to 301. a yard for small pipes, so that the total 
capital cost involved on this item alone may be 
ascertained by a simple arithmetical calculation from 
the lengths of services given by Mr. Cronin as being 
already in existence. These points, and there are 
many others like them, require stressing before 
public or Parliamentary approval is sought for any 
large scheme of reconstruction. Probably the best 
way of doing this is to translate the various items 
into terms of cash, and then to ask which of them 
can really be afforded when all relevant factors are 
taken into account. 

The first question to be decided is obviously what 
method should be adopted to implement this 
policy. On this point there seems to be fairly 
general agreement among the authors of the papers. 
Mr. J. C. Martin suggested the appointment of a 
co-ordinating body of some 20 persons who should 
be chosen for their judgment and technical know- 
ledge. In his opinion such a body, supported by a 
proper staff, could produce a practical plan within 
two years. Mr. H. F. Cronin took a similar view, 
and Mr. A. J. Lyddon, by implication, set this hypo- 
thetical body its first task by saying that a census 
of the origin and distribution of traffic was a neces- 
sary starting point in any scheme of reconstruction. 
Though the device of appointing committees with 
the ostensible purpose of promoting action (but in 
reality with the object of delaying it) is well known, 
there seems no reason in this instance to cavil at 
these suggestions. The mass of partly digested 
evidence is so large and so contradictory that 
obviously its re-examination will be necessary. 
Moreover, as we have already said, it does not form 
more than the basis of any practical plan. To pro- 
duce a working scheme, or even one for which 
Parliamentary sanction could be sought, will there- 
fore require further efforts on different lines than 
heretofore. It is desirable that these efforts should 
be made by those who are acquainted with the tech- 
nical difficulties. Such an investigation, of course, 
would be costly, but the necessary expenditure 
would be only a small fraction of that required for 
carrying out a complete scheme. It is therefore 
worth while, especially if, as is to be hoped, the ad- 
vantages and disadvantages of the rival proposals 
are examined as this would probably save money 
in the long run. Time, however, presses and, if 
more time is not to be lost, the British Association 
would do well to take such steps as are necessary 
to bring their views to the attention of the 
Government, and press for action without delay. 
In doing this they will receive the support of 
engineers generally, and eventually, in all prob- 
ability, the gratitude of the public. 
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THE INFORMATION OFFICE. 


THE difficulties facing a research worker, or indeed, 
any one engaged in a progressive activity, in 
keeping in touch with the advances made by others 
in the particular field in which he is interested have 
often been stressed, and the main purpose of the 
various series of technical and scientific abstracts 
which are published is to furnish a guide to the 
appropriate literature from which items may be 
selected for further study. In many cases, articles, or 
papers read before scientific societies, are not dealt 
with in abstract journals until a considerable time 
after their publication and, although the importance 
of early knowledge of the work of others is frequently 
exaggerated, considerable delay is undesirable. In 
order to furnish a prompt service for the use of their 
own staff, some firms have arranged for the prepara- 
tion and circulation of appropriate abstracts by their 
own information departments. As an example, the 
Technical News Bulletin of the Metropolitan-Vickers 
Electrical Company, containing about 20 abstracts, 
has been issued weekly for the past 20 years to the 
firm’s engineers and research workers. A procedure 
of this kind would probably not be possible in a 
small firm, but something might be done by circulat- 
ing lists of selected abstracts from the easily-avail- 
able abstract journals, or of relevant articles from 
current literature. The problem facing a small 
firm would not be so complicated as that with which 
the Metropolitan-Vickers Company have to deal, 
owing to the much more limited field to be covered. 

Presumably, the editors of all abstract journals 
exercise some discretion and judgment in selecting 
articles with which to deal, but in view of the wide 
field with which they are concerned, and the varied 
nature of the clientele which they address, their task 
is simpler than that of a compiler who is concerned 
with a field or fields of specialist character. In a 
paper entitled “‘ What an Industrialist Expects of 
an Information Service,” presented to the Aslib 
conference on September 15 by Sir Arthur Fleming 
and Miss B. M. Dent, it was stated that the articles 
abstracted in the Technical News Bulletin are 
“ selected with the organisation’s interests in mind.” 
The interests covered by the Metropolitan-Vickers 
Company are so wide that it does not perhaps form 
the best possible example of the point here con- 
sidered, which is that the members of the abstracting 
service, or at least their chief, must have accurate 
technical knowledge of the firm’s activities. In 
the case of a small specialist concern, in which 
matter prepared for the technical staff will probably 
be comparatively small in bulk, it is clear that if 
it is to be of value it must be selected with know- 
ledge and judgment. Actually, the same thing 
applies in a firm of wider interests; each of its 
activities is in itself a sphere of specialist interest. 

The work of information departments is in no 
way limited to the preparation of abstracts, or the 
circulation of technical literature. It is required 
to answer inquiries about sources of information 
and to furnish selected bibliographies covering 
special subjects To deal with matters of this kind 
properly, it is necessary to have not only a know- 
ledge of the literature of a subject but also a 
sufficient knowledge of the subject itself to be able 
to select the useful items from a mass of references. 
Sir Reginald Stradling, in his presidential address 
at the Aslib conference, suggested that it was the 
duty of the information officer to go considerably 
beyond this and to advise the technical staff about 
developments in its field of work. Using a some- 
what different terminology from that usually em- 
ployed in connection with this subject, he referred 
to “‘a group whose duty it is to concentrate upon 
intelligence work, in the widest sense. It must 
cover day to day knowledge of the requirements of 
the rest of the team and also must warn them of the 
developments in the industry for which the whole 
organisation is working.” This means that the 
information department must not only be prepared 
to answer questions: it must be prepared to give 
advice. 

Discussions at various Aslib conferences in the 
past have dealt with two special aspects of infor- 
mation services. One of them is indirectly referred 
to above. It concerns the relative importance of a 
knowledge of library methods and a knowledge of 
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the technical side of the material being dealt with. 
Sir Reginald Stradling suggested that there is “an 
attempt to belittle” the work of information 
departments ‘‘ by describing it as confined to the 
technique of cataloguing and handling books.” 
Claims tending in that direction have certainly been 
made. In view of the role which Sir Reyinald 
assigns to the information officer, it is clear that 
he must have technical training, but the man of 
scientific or industrial experience whom he «alls 
for may have no innate ability in the organisation 
of masses of material which may reach him in a 
dozen different forms, and no service is rendered 
to the technical information officer by advising 
him to ignore the various special-library techniques 
which have been developed and which represent an 
important side of the activities of Aslib. 

The second aspect of information departments 
which has been discussed in the past is their relation- 
ship to the individual who may be described as the 
“ordinary industrialist.” In a trenchant paper 
read at the Aslib conference last year,* Mr. Eric N. 
Simons charged this individual with not only 
indifference, but even hostility towards information 
departments. His paper was discussed in these 
columns at the time and need not now be further 
dealt with, but at the recent conference a paper was 
contributed by Professor R. S. Hutton, the writing 
of which, he stated, had been suggested by Mr. 
Simons’ contribution. Professor Hutton’s paper 
was entitled ‘“*The Communication of Specialist 
Information to Business Executives.”’ He pointed 
out that the antagonism between the “ practical 
man ” and the individual who, for brevity of state- 
ment, may be termed the “theorist,” is of old 
standing. Richard Watson, Professor of Chemistry 
at Cambridge, wrote, in 1781, * practical men are 
generally illiterate, timid and bigoted - . . they 
seldom know anything of new discoveries, or of 
methods of working practised in other countries . . . 
they are unwilling to incur the least expense in 
making trials, which are uncertain with respect to 
profit.” Charges of this type are now not likely to 
be made in such grave terms, and to such a scienti- 
fic industry as engineering they could have no 
relevance. In some of the older trades, such, for 
instance, as building, it is probable, however, 
that the practical man ‘“‘ who practises the errors 
of his forefathers ” is not extinct. 

Professor Hutton suggested that one of the reasons 
why many business men are not favourably im- 
pressed by the service rendered by information 
departments is that reports presented are frequently 
not expressed in language they can understand. 
Information departments in large firms manufac- 
turing a wide variety of products, if they are to be 
effective, will include technicians who are experts 
in different spheres of work. To these, ‘‘ communi- 
cators,” ‘‘ interpreters,” or “‘expositors,” might 
be added, whose duty it would be to report on 
important matters in terms which even the chair- 
man of the company could understand. It will not 
be supposed that Professor Hutton is advocating 
reports prepared with the inaccurate irresponsibility 
of the daily-Press journalist when dealing with 
technical matters, and that the standard he demands 
is high is shown by the fact that he mentions 
T. H. Huxley in the course of his discussion of 
the qualifications required. There is another 
aspect of the work of information departments 
which tends not only to enlarge the sphere of 
their work but to raise their status and widen 
the circle in which their value is realised. This is 
iNustrated by the development which has taken 
place in thé department founded by the Metropolitan- 
Vickers Company 20 years ago. Its original 
duty .was to undertake searches into literature 
to ascertain what data existed on any problem 
which the research department proposed to take 
up. Some of the later developments which have 
taken place have already been indicated. To these 
may be added the preparation of reports and infor- 
mation for the research, engineering, manufacturing 
and commercial departments. Wide duties of 
this kind require a staff with various qualifications : 
but in such a highly technical activity as that in 
which the firm is engaged it is certain that the direc- 
tion of the department must be in technical hands. 





* See ENGINEERING, vol. 160, page 232, (1945). 
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NOTES. 


THE CoaL SHORTAGE AND ELEcTRICITY SUPPLY. 


Mr. EMANUEL SHINWELL, the Minister of Fuel and 
Power, and the electricity supply companies have 
had another difference of opinion, which must be 
causing some perturbation among officials at his 
Ministry. Last week the companies issued a state- 
ment to the effect that their stocks of coal were so 
low—1,730,000 tons in July, 1946, compared with 
3,100,000 tons in the same month a year earlier 
that some form of electricity rationing would be 
almost certain during the coming months. On the 
same day, a spokesman of the gas industry referred 
to the danger of a failure of gas supplies in the 
course of the winter. Mr. Shinwell’s reaction to 
these statements was to describe them as “a lot of 
nonsense,” though an official of the Ministry gave 
it as his opinion that “the position this winter 
will undoubtedly be worse than last winter or the 
winter before.” The companies’ reply to the 
Minister was that their previous statement had 
been by way of warning ; and that, in their view, 
a serious curtailment of supply was inevitable this 
winter unless additional coal was made available 
forthwith. Mr. Shinwell returned to the charge by 
reiterating that he had ‘ never contemplated the 
rationing of electricity,” though he admitted that 
stocks of coal were substantially lower than they 
were at this time last year. He also described the 
company’s statement as a campaign “ of the most 
villainous character.” There seems no doubt, 
however, that the companies have not exaggerated 
the gravity of the fuel situation. Indeed, they are 
supported not only by the Ministry of Fuel officials, 
but by Mr. Arthur Horner, general secretary of the 
National Union of Mineworkers, who declared that, 
unless production was maintained, there might be a 
deficit of 10,000,000 tons of coal with consequent 
loss of employment to 2,000,000 persons in indus- 
tries dependent on it. Apparently, Mr. Shinwell 
has a violent objection to the word “‘ rationing.”’ If 
the power companies cannot obtain coal, however, 
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these changed conditions, but it did not follow that 
manufacture in Australia, either in whole or part, 
would necessarily mean a reduction in our total 
exports. In New Zealand, with abundant natural 
wealth and a small population, his view was that a 
change in present methods and measures is desirable 
to facilitate freer trading conditions. In Canada, 
where mixed farming has been added to wheat pro- 
duction, there was also an enormously increased 
secondary industrial activity, and British manufac- 
turers should study the new conditions on the spot. 
In the United States of America, Mr. Lister was 
impressed by the high level in purchasing power, 
which might attract their manufacturers to the 
home market, but Britain should recognise their 
desire for export business. Mexico and South 
America were worthy of the closest attention and 
representation there should be entrusted to firms 
adequately equipped to promote a lasting goodwill. 


L.M.S.R. anp S.R. Furet Conversion 
PROGRAMMES. 


Following the recommendation of the Ministry of 
Transport, to the four main-line railway companies, 
that they should convert a number of locomotives to 
oil-firing, the detailed programmes of the London 
Midland and Scottish Railway and of the Southern 
Railway have now been announced. The L.M.S. 
company will convert a total of 485 locomotives, 
comprising five Class 5 4-6-0 mixed-traffic type, 
16 Class 4 0-6-0 freight tender engines, 175 Class 7 
0-8-0 freight tender engines, 33 of the Garratt 
2-6-6-2 type, 11 Class 7 2-8-0 freight tender engines, 
and 245 Class 8 2-8-0 freight tender engines. All 
conversions will be carried out in the company’s 
works at Crewe, Derby and Horwich. The rate of 
conversion will depend on the completion of the oil 
fuelling depots, which will be provided at Crickle- 
wood, Willesden, Bletchley, Northampton, Nunea- 
ton, Crewe, Shrewsbury, Bath, Wellingborough, 
| Toton, Nottingham, Kirkby, Westhouses, Stavely, 
Hasland, Leeds, Normanton, Wakefield, Rose Grove, 
Mirfield, Farnley Junction, Newton Heath, Aintree, 
Lostock Hall, Swansea and Carlisle. It is estimated 





that the 485 locomotives would consume 380,000 


they will not be able to supply electricity ; and | tons of coal in a year, and that the corresponding oil 
what the resulting cut in consumption is called will | consumption will be 290,000 tons. The Southern 


be a matter of purely academic interest. 


Tue British ENGINEERS’ ASSOCIATION. 


At a luncheon held by the British Engineers’ 
Association at the Waldorf Hotel, London, on 
September 12, an address was given by Mr. C. P. 
Lister, chairman of Messrs. R. A. Lister and Com- 
pany, Limited, Dursley, on the subject of “‘ Future 
Trading Conditions in the World’s Markets.” 
As managing director of the United Kingdom 
Commercial Corporation, Mr. Lister went on many 
overseas missions during the war, and had just 
returned from a 222-days tour of nearly 80,000 
miles in which he visited Egypt, India, Ceylon, 
Australia, New Zealand, Canada, the United States, 
Mexico, and Central and South America. Briefly 
reviewing the impressions gathered during his visits 
and commencing with Egypt, Mr. Lister consi- 
dered the lessening of British political influence in 
Egypt to be inevitable, but believed that apprecia- 
tion of the part Britain had played in Egypt would 
be expressed in a growing demand for British pro- 
ducts. Cairo was fast becoming the centre for air 
transport in the Middle East, and, given favourable 
conditions, markets of increasing importance should 
develop. In India, where a high proportion of the 
people depended on the soil for an inadequate 
standard of living, there was a lack of balance 
between primary and secondary industries. He 
considered that the roads and railways of India 
offered enormous scope for development and that an 
improved distribution of secondary industries would 
result in the beneficial expansion of the country. In 
Ceylon, as in India, there was a need to create 
increased purchasing power. My. Lister next 
visited Canberra and the capitals of the Australian 
States. He found that Australia, with vast factories 


created under the threat of invasion, had emerged 
from the war to conditions so changed as to prohibit 
a return to the pre-war position, and that an increase 
in population was essential for the maintenance of 
the new industries, 


British firms should not ignore 


| Railway programme covers the conversion of 110 
| engines, comprising 16 Class N.15 and H.15 express 
passenger, 34 Class N and U mixed-traffic, 10 Class 
D.15 passenger, 30 Class L.11 and T.9 mixed-traffic 
and passenger, and 20 of the latest ““ West Country ” 
class. These engines will be converted in the com- 
pany’s works at Eastleigh and Ashford, and their 
refuelling depots will be at Eastleigh, Exeter and 
Portsmouth. On the average mileage, the 110 
engines would consume 70,000 tons of coal a year 
and the corresponding oil consumption is given as 
60,000 tons. 


Tue Royat PxHotrocrRapHic Socrety’s 
EXHIBITION. 


The 91st annual exhibition of the Royal Photo- 
graphic Society of Great Britain was opened by 
Sir Henry Dale, O.M., F.R.S., at the Science 
Museum, London, 8.W.7, on Saturday, September 
14. It is to remain open daily, including Sundays, 
until October 26. The chair was taken at the open- 
ing ceremony by the President of the Society, Mr. 
F. J. Tritton, B.Sc., who observed that there had 
been only five years in the Society’s history in which 
the exhibition had not been held. He drew atten- 
tion particularly to the evidence which it provided, 
in the scientific and technical section, of the war- 
time applications of photography, while pointing 
out that, even now, it was not practicable to reveal 
all of the uses to which photography and photo- 
graphic methods had been put in the furtherance of 
the national war effort. Sir Henry Dale, in declar- 
ing the exhibition open, endorsed these remarks, 
and made some interesting comparisons between the 
art of the photographer and that of the painter. 
He emphasised especially the advantage enjoyed by 
the photographer in being able to record with 
accuracy the event or appearance of the moment, 
for which the painter had to rely almost entirely on 
his memory of a brief impression. While a large 








proportion of the scientific and technical photo- 
graphs shown illustrate medical subjects, engineer- 
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ing and its associated sciences are well represented. 
Among them may be mentioned a number of excel- 
lent metallurgical photographs, including one of a 
molybdenum-oxide crystal, with a magnification of 
40,000, which is one of some half-dozen examples 
contributed by the Dutch Institute for Electron 
Microscopy ; prints showing typical failures of 
carbide-tipped tools, typical wear of carbide-tipped 
teeth of a negative-rake milling cutter, and nickel- 
chrome-steel turnings, by Mr. E. A. Phoenix, 
A.R.P.S., of the Institution of Production Engineers 
Research Laboratory; dendritic structures in 
metals, contributed by Mr. George Parker; and 
optical interference fringes on razor-blade facets, 
by Messrs. Gillette Industries, Limited, who also 
show a number of X-ray diffraction photographs 
of razor-blade steel and the use of X-ray photo- 
graphy in checking the packing of razors and 
blades in sets. Aeronautical applications of photo- 
graphy include a selection of interesting air-survey 
photographs, including an aerial map extending 
over the 600 miles from Cape Wrath to the Isle of 
Wight, taken from a Spitfire of a Photographic 
Reconnaissance Unit, flying at an altitude of 
32,000 ft. Exhibits shown by the Air Photography 
Division of the Royal Air Force show loading tests 
of a Marauder aircraft wing, and the super-high- 
speed flash photography of the jet emission of liquids. 
Mr. R. Peyton Smith also shows some striking photo- 
graphs, taken with an exposure of 1/10,000th 
second, of a spray of paraffin from the type of jet 
used in a gas turbine; and the National Physical 


| Laboratory’s exhibit includes a series of photographs 


of a projectile at progressively increasing Mach 
numbers, flow patterns in the wake of an oscillatory 
aerofoil, the wave formation on a modern wing 
section in an air stream moving at 650 miles an hour, 
and the field of flow in a water tunnel, as shown by 
aluminium particles viewed under a microscope. 


Roap COMMUNICATIONS IN ULSTER. 


The Commission, which was appointed by the 
Government of Northern Ireland to make proposals 
for the improvement of road communications in 
that province, has now submitted an interim report 
to the Ministry of Health and Local Government. 
Northern Ireland has a large mileage of roads in 
proportion to its size and population; in 1939, 
the report states, there were 1,302 miles of Class I 
roads, 1,943 miles of Class II, and 9,947 miles of 
Class II, a total of 13,192 miles. Between 1924 and 
1939, the total increased by about 300 miles, but 
there was also a general raising of the standard, so 
that the improvements were much greater than the 
figures suggest. It is recommended that a survey 
of the principal roads should be carried out imme- 
diately by the Government and highway authorities ; 
and that, with certain exceptions, the county 
councils should be appointed the road authorities 
for all the public roads in their areas. It is also 
considered desirable that those main roads in the 
existing system which constitute provincial traffic 
arteries should be vested in a single Governmental 
authority, so as to achieve uniformity in design and 
construction. A further recommendation is that 
the existing system of road classification should be 
extended to admit two new types of road—the 
motor road and the arterial road. Roads of this 
classification should be vested in the department of 
the Central Government charged with road adminis- 
tration ; and their maintenance should be defrayed 
in full by the Central Government. Certain Class I 
roads should be reclassified as arterial roads; and, 
as soon as practicable, should be brought up to the 
standards specified by the Ministry of Transport for 
roads of that type. A motorway between Belfast 
and Portadown should be constructed as soon as 
possible, while by-passes should be built round 
22 towns and villages, including Antrim, Lisburn, 
Portadown, Bangor, Londonderry, Coleraine, Omagh 
and Newtownstewart. The standards of efficiency 
for arterial roads and important Class I roads 
should be those specified by the Ministry of Trans- 
port; and the remaining Class I roads should be 
brought up to a more uniform standard. As a 
matter of urgency, legislation should be introduced 
to control ribbon development on all main roads. 
Copies of the report can be obtained from the 
Stationery Office at the price of 1s. 
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LETTERS TO THE EDITOR. 


THE RAILWAY GAUGE ACT, 1846. 
To THE Eprror OF ENGINEERING. 


Smr,—Mr. F. C. Johansen, in a letter on page 208, 
ante, asks what were the “experiences with steam 
locomotives ” which induced Stephenson to add } in. 
to his previous 4-ft. 8-in. gauge? The fact that 
Stephenson made an alteration of 4 in. in the gauge 
is confirmed by the evidence of Capt. Laws, manager 
of the Manchester and Leeds Railway. Capt. Laws 
told the Gauge Commissioners that Stephenson him- 
self had informed him that he (Stephenson) had 
‘allowed 4-in. play” on the “ gauge at the col- 
lieries.”” Laws also stated that “‘4 ft. 9 in. was, 
I believe, the gauge at the collieries,” but this was 
obviously an error and should have read 4 ft. 8 in. 

Having regard to the improvements in locomotives 
after the opening of the Stockton and Darlington 
Railway in 1825, which led to the Rocket in 1829 
attaining a speed of 30 m.p.h., and to the fact that 
the firm which Stephenson had established was 
already manufacturing locomotives, it is not unrea- 
sonable to assume that Stephenson’s experiences 
during the period showed that some slight adjust- 
ment was required, and that he found it more 
convenient to add 4 in. to the rail gauge of new lines 
than to alter the dimensions of the locomotives his 
firm were building. 

Yours faithfully, 
J. C. BousTeap. 
Eversley, 
Lower Fold, 
Marple Bridge, 
near Stockport. 
September 3, 1946. 





ELECTRIC RESISTANCE WIRE 
STRAIN GAUGES. 
To THE Eprror oF ENGINEERING. 

Smr,—While agreeing with the majority of the 
article on the above subject, in your issue of August 9, 
on page 121, there are a few points which I would 
like either to correct or supplement. Firstly, the 
double gauge (Fig. 2) is not, of course, of use when 
the direction of the principal strains is unknown ; 
for this case, the triple gauge is essential. The 
double gauge was developed primarily for shear 
measurement. Secondly, your remarks on the 
effect of gauge length do not present the whole 
picture. While it is true that a reduction of gauge 
length does not affect sensitivity in a way com- 
parable with mechanical extensometers, there is 
an effect, nevertheless, because, unless the gauge 
width is increased proportionally, the wire length 
is reduced and, to a first order approximation, 
sensitivity is directly proportional to wire length. 
In addition to this, with very short gauges the pro- 
portion of dead wire increases. This both reduces 
sensitivity and increases the variation in “ strain 
sensitivity’ from gauge to gauge. (In these sen- 
tences, I use “* sensitivity ” in its general qualitative 
sense and,“ strain sensitivity ” with the specialised 
meaning now common in this field.) 

Thirdly, I feel that your remarks on temperature 
compensation do not represent the position quite 
fairly. The electrical-resistance strain gauge offers 
such an extremely simple method of compensating 
for thermal expansion of the test piece, and also 
of compensating for the resistance coefficient of 
the wire of the gauge, that in the majority of cases 
it is not worth while to attempt to make the latter 
negligibly small or to attempt to balance one against 
the other (though this can be done). On the other 
hand, all mechanical extensometers are subject to 
pure thermal-expansion errors and very few are 
adapted for compensation upon any material. 
Even if a mechanical extensometer existed which 
offered the same facility of compensating for speci- 
men expansion, it seems almost certain that it would 
involve greater difficulty in maintaining equal 
temperature of specimen and compensating bar, 
and this is the only point where real difficulty 
arises in practice. In fact, for a single gauge 
station, inasmuch as the Wheatstone bridge requires, 
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in addition to the two ratio arms, an additional 
resistance, temperature compensation requires no 
additional equipment beyond the extra length of 
leads to the compensating gauge. Thus, on the 
whole, I consider that, from the point of view 
of temperature compensation, the electrical resist- 
ance strain gauge is superior to any mechanical 
extensometer. 

I am commenting elsewhere upon Dr. Redshaw’s 
paper, but I would like to mention here that the 
arrangement of Fig. 5 can be improved by inter- 
changing M and R, since this avoids subjecting 
the gauge insulation to the voltage drop, often 
considerable, occurring across R. Also the arrange- 
ment of Fig. 6 is almost useless, except in certain 


favourable and fortuitous cases, because no provision | 


is shown for quadrature balance of the bridge. 
The problem of alternating-current bridges for 


strain-gauge work is more involved than is often | 


realised, and I would prefer torefer allthose interested 
to the paper read before the Institute of Marine 
Engineers (which you cite) rather than to attempt 
any résumé here. 
Yours faithfully, 
F. AUGHTIE. 
Engineering Division, 
National Physical Laboratory, 
Teddington. 
September 12, 1946. 
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SIR JAMES JEANS, O.M., F.R.S. 


WE regret to record the death of Sir James Jeans, 
O.M., F.R.S., which occurred at Dorking on Monday, 
September 16, at the age of 69 years. In scientific 
circles Sir James was known as a mathematical 
astronomer of great eminence, while to a wider 
public his name was familiar as a writer who could 
describe the secrets of the universe with lucidity and 
accuracy. 

James Hopwood Jeans was born at Southport 
on September 11, 1877, and was educated at 
the Merchant Taylors’ School, London. He went to 
Cambridge as a Scholar of Trinity College in 1896, 
and was bracketed Second Wrangler in 1898. Two 
years later he obtained a First Class in Part II of the 
Mathematical Tripos and was elected Isaac Newton 
Student. He was also a Smith’s Prizeman. He 
was elected a Fellow of Trinity in 1901, and became 
University Lecturer in Mathematics in 1904. From 
1910. He retired from this position in 1929, and 
matics at Princeton University, but returned to 
Cambridge as Stokes Lecturer in Mathematics in 
1910. He retired from this position in 1929 and 
devoted himself to the preparation of the popular 
books and to the delivery of the broadcast talks which 
made him so widely known to the general public. 

Jeans’ working life can, therefore, be divided into 
two almost distinct parts, though in the later period 
there was some overlapping. One of the first of 
his researches resulted in the confirmation of Ray- 
leigh’s theory regarding the distribution among 
different wavelengths of the energy radiated from 
a black body. This, in conjunction with the work 
of Planck, led to the enunciation of the quantum 
theory. He also gave the first satisfactory proof of 
Maxwell’s law on the distribution of velocities among 
molecules. His most original work, however, was 
in the field of cosmogony, when he examined 
the stability of rotating masses of liquid mathe- 
matically and later gave a complete account of 
stellar evolution. As early as 1904, he suggested 
that radioactivity might be explained by the 
coalescence of a positive and negative ion, the result 
being the disappearance of a certain amount of 
mass. Much later he employed this theory to calcu- 
late the amount of radiation which would be set 
free by the diminution of the sun’s mass by 1 per 
cent., and showed that, on this theory, the sun would 
have a life of 150 thousand million years. In 1928, he 
amplified this suggestion for the source of stellar 
energy. As a result he concluded that the energy 
of the universe was running down and explained the 
philosophy on which this theory was based in his 
presidential address to the British Association in 
1934. 
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Sir James was knighted in 1928, and was made a 
member of the Order of Merit in 1939. He was 
elected a Fellow of the Royal Society in 1906, and 
was secretary for ten years from 1919 to 1929, 
having been awarded a Royal Medal at the beginning 
of that period. He was the recipient of the Gold 
Medal of the Royal Astronomical Society in 1922, 
and acted as President of that body from 1925 to 
1927. He was President of the Indian Science 
Congress Association in 1938. He was also awarded 
the Franklin Medal of the Franklin Institute jn 
1931. He held honorary degrees in a number of 
universities, including Oxford, Manchester, Aber. 
deen, St. Andrews, Dublin, Calcutta and Johns 
Hopkins. He was Professor of Astronomy in the 
Royal Institution and also Honorary Fellow of the 
| Institute of Physics. His numerous publications 
|included: The Dynamical Theory of Gases ; Theo- 
retical Mechanics; The Mathematical Theory of 
| Electricityand Magnetism ; Radiation and the Quan- 
tum Theory ; and Astronomy and Cosmogony, as well 
as a large number of popular books, of which the 
best known are probably The Universe Around Us 
and The Mysterious Universe. 











SIR GEORGE HUME. 

We also regret to record the death of Sir George 
Hume, which occurred at Blackheath, London, on 
Friday, September 13. 

George Hopwood Hume, who was 80 years of age, 
was born in Russia, where his father was British 
vice-consul at Kiev and Kharkov. He received his 
early education in France, Switzerland and Ger- 
jmany; and afterwards studied at the Finsbury 
Technical College, London. In 1885, he entered the 
works of Messrs. Siemens Brothers and Company, 
Limited, Woolwich, as a pupil, and, on the com- 
pletion of his pupilage, joined the electric-lighting 
department of the firm. He was also attached to 
the engineering staff of the cable ship Faraday, and 
| was engaged, among other activities, on the Mexican 
| cable expedition of 1888-89, and on the laying of the 
| Anglo-German cable from Bacton to Borkum in 
| 1891. Subsequently, for a number of years, he 
| was in charge of the design and estimating section of 
|the power department of the firm and was also 
| responsible for considering new inventions with a 
| view to their adoption by the electrical industry. 
| Hume gradually became more interested in the 
| legal than in the engineering side of this work, and 
was called to the Bar by the Middle Temple in 1900. 
He also took an increasing interest in local politics 
and was one of the original members of the Green- 
wich Borough Council. In 1910, he was elected to 
the London County Council and became chairman 
in 1926-27. From 1922 to 1945, with two short 
breaks, he represented Greenwich in the House of 
Commons. As regards his connection with engineer- 
ing during this period, he was chairman of the Lon- 
don Electricity Committee from 1913 to 1926; and 
of the Highways Committee from 1913 to 1919. He 
was also a member of the: Ministry of Transport, 
London and Home Counties Traffic Advisory 
Committee in 1924 and of the London and Home 
Counties Joint Electricity Authority in 1925. 

Sir George received his knighthood in 1924, 
and had been a Member of the Institution of 
Electrical Engineers since 1900. 











SILVER JUBILEE OF THE VISCO ENGINEERING COM- 
PANY, LIMITED.—At the end of the present month, the 
Vitco Engineering Company, Limited, Stafford-road, 
Croydon, will attain their silver jubilee. The company, 
formed in September, 1921, to market the Visco air filter. 
started in a modest way in Victoria-street, S.W.1. In- 
creasing demand soon necessitated additional manufac- 
turing facilities, and, in 1925, the firm moved to larger 
premises in Grosvenor-road. In that year, the first Visco 
water-cooling towers were installed at power stations and 
industrial establishments, and, in 1927 and 1928, the 
manufacture of the Visco and Visco-Beth dust-collecting 
plants was started. As the business continued to grow, 
additional accommodation became necessary and, in 
1932, the present works in Croydon were opened. A 
large portion of these works was destroyed in 1944 by 
a direct hit from a flying bomb, but production con- 
tinued in a temporary building. During the period 
1938 to 1945, much of the output was connected with 
the war effort, but the company are now working on 
civilian contracts, many of which are for export. 
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THE INSTITUTE OF 
METALS. 


Tne 38th annual autumn meeting of the Institute 
of Metals was held at the Institution of Civil 
Engineers, London, on Tuesday and Wednesday, 
September 10 and 11. The chair on the first day 
was occupied by the President, Colonel P. G. J. 
Gueterbock, C.B., D.S.0., who, in an opening 
speech, stated that the present occasion marked the 
beginning of the return to normal peace-time 
activities. The Institute hoped to be able to 
arrange for the resumption of the annual dinner in 
London, in March, 1947, and the Council were also 
pleased that, at long last, they had been able to 
accept the invitation of the Glasgow section to hold 
the autumn meeting in that city in September 1947. 
The Council had acted as far as possible on the 
recommendations of the Committee on Future 
Policy, and these tended very definitely to improve 
the mechanism by which the Institute was run and 
would result in the general extension of its services. 
In his Presidential Address he had suggested that 
the Institute should help all classes of those who 
worked in the industry to take a real interest in their 
occupation, and he was pleased that these sugges- 
tions had met with a favourable response in many 
directions. The difficulty in carrying them out at 
present was very largely a question of finance, but 
he had every hope that the Institute would be able 
to do more to interest the rank and file in the 
industry, who, hitherto, had perhaps benefited but 
little from its activities. It was hoped to issue 
shortly a report on the first year’s operation of the 
scheme for National Certificates in Metallurgy ; 
things were going well and were up to expectations. 
After paying a tribute to the work of the secretary 
and staff of the Institute, Colonel Gueterbock 
announced that the annual meeting would be held 
in London on March 5 and 6, 1947, or as near those 
dates as possible. The May Lecture for 1947 would 
be delivered in London. 


OFFICERS AND COUNCIL. 

The secretary announced that in accordance with 
the Articles of Association the undermentioned 
officers would retire from office in March, 1947, and, 
with the exception of the President, were not at that 
time eligible for re-election in their present capacities. 
The retiring officers comprised the President, Colonel 
P. G. J. Gueterbock, C.B., D.S.O., a vice-president, 
Mr. G. L. Bailey, and four members of Council, 
namely, Sir Clive Baillieu, K.B.E., C.M.G., Mr. J. 
Cartland, M.C., Dr. A. G. C. Gwyer, and Dr. C. 
Svkes, F.R.S. To fill the vacancies caused by these 
retirements, the Council had made the following 
nominations : as President, Colonel Gueterbock ; as 
vice-president, Mr. J. Cartland ; and as members of 
Council, Professor L. Aitchison, Mr. John Arnott, 
Dr. Maurice Cook, and Mr. A. J. Murphy. 


ANTIMONIAL 70 : 30 Brass. 


Tue first paper considered dealt with ‘“Antimonial 
70 : 30 Brass ” and was by Mr. D. McLean and Dr. 
L. Northcott, of the Armament Research Depart- 
ment. It was presented by Mr. McLean who stated 
that a study had been made of the effect, on 70 : 30 
brass, of antimony, lead, and sulphur. The results, 
reported in the literature were found to be incon- 
sistent, suggesting that the effect of antimony 
depended on the operative conditions. The results 
of the present investigation had shown that, in 
cast brass, the effect of antimony was intensified by 
the segregation to which this element was prone 
and a pre-annealing treatment improved ductility 
by assisting homogenisation. Under the conditions 
of the experiment, 0.05 per cent. of antimony was 
approximately the maximum for the satisfactory 
cold rolling of 70 : 30 brass ingots, but was within 
the allowable limit for hot rolling. A working 
hypothesis which accounted for the effect of anti- 
mony on mechanical properties was based on the 
assumption of a brittle intercrystalline precipitate. 
Embrittlement increased with the continuity of this 
intercrystalline precipitate and the continuity, in 
turn, depended on heat treatment. The continuous 
form had not been consistently revealed under the 
microscope, although the discontinuous form could 
be regularly detected. Lead and sulphur both 
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= ductility and intensified somewhat the 
effect of antimony and, on the whole, antimony 
intensified the effects of these elements. Antimonial 
embrittlement could be overcome by the addition of 
elements which formed innocuous compounds with 
antimony. Phosphorus formed sucha compound and 
eliminated antimonial embrittlement, but slightly 
impaired hot-rolling behaviour. Lithium also 
formed a compound with antimony, improved hot- 
and cold-rolling behaviour, and eliminated anti- 
monial embrittlement, but apparently only at the 
expense of a considerable reduction in general 
mechanical properties. 

The discussion was opened by Mr. W. A. Baker, 
who said that it was notable that no data were given 
in the paper regarding the grain size of either the 
as-cast or the wrought material. Such information 
would be useful for it was well known that in cases 
of intercrystalline embrittlement, particularly of 
cast material, grain size was a vital factor. The 
rolling practice adopted had been governed by the 
equipment available, but evidently it had a com- 
pensating feature, in that it increased the sensitivity 
| of the materials to the effect of impurities. One 
result, however, showing that a very impure brass 
had been rolled fairly successfully when reduced in 
a few heavy passes, might well have been given more 
prominence. It was clear from this particular 
result alone that the quantitative data obtained 
must be treated with some reserve in relation to 
normal rolling practice. The results describing 
remedial measures for antimonial embrittlement 
were particularly interesting, especially those show- 
ing the effect of lithium additions. They were 
similar to those obtained by the British Non-Ferrous 
Metals Research Association, some years ago, when 
investigating the embrittlement of copper and copper 
alloys by bismuth. In that work it was found that 
lithium additions were particularly effective, and a 
patent application had been filed in 1943 to cover 
the process. The work had not been published, 
although it was hoped to prepare a suitable paper in 
the near future. The authors’ indication that 
lithium additions introduced considerable embrittle- 
ment was at variance with the Research Association’s 
results. It seemed possible that the embrittlement 
might be due to the lithium-antimony compound, 
bearing in mind that, to be successful, the lithium 
addition must not merely form a compound, but 
must form an innocuous one. 

Dr. M. L. V. Gayler, discussing the formation of 
the film at the grain boundary of microstructures, 
said she had seen very similar films formed on 
polished materials under certain conditions, and 
such films looked genuine. If, however, a technique 
could be developed which would avoid the formation 
of this film the true structure was frequently 
revealed. On the other hand it was not safe to 
surmise that such a grain-boundary film was not 
present because, as the authors had said, the alloys 
showed great variation in solubility with falling 
temperatures and, as they had suggested, the 
structure might be due to some form of pre- 
precipitation. The next speaker, Mr. T. Schofield, 
said that the discontinuous precipitate on boundary 
films bore a very striking resemblance to grain- 
boundary effects which Mr. Cuckow and himself 
had observed on embrittled bismuth-copper nearly 
three years ago. These films had not been shown 
up by hand polishing, but only after electrolytic 
polishing in orthophosphoric acid solution and then § 
not always if the solution were rather concentrated. 
In the bismuth-copper the films were shown by the 
electron microscope to be raised above the general 
level of the surface. The last speaker, Mr. E. Smith, 
of Jarrow, asked if the authors had used small- 
arms fired cartridge cases for their antimonial 70 : 30 
brass, because he had done some work on this 
particular material. He had found the antimony 
to range from 0.02 to 0.03 per cent. after prolonged 
treatment in an Ajax-Wyatt furnace. 

In a brief reply, Mr. McLean said that the average 
diameter of the grain size of the as-cast material 
was about 0.1 in. In the annealed material it was 
about 0.05 mm. It was not altogether permissible, 
from the results put forward in the paper, to draw 
the conclusion that heavier passes than were applied 
would increase the permissible antimony content, 








although it was true that in the particular case 











mentioned by Mr. Baker the material had appar- 
ently rolled more easily than with the fine passes 
normally given. The effect of lithium in reducing 
the mechanical properties of the rolled sheet might 
have been due to a lithium-antimony compound, 
but they had not gone into this very far, because the 
lithium had not given good results. In answer to 
Dr. Gayler’s question, he believed that the film 
structure was genuine. The method employed to 
obtain it was to polish electrolytically and etch with 
ammonium persulphate. It was not obtained on 
electrolytic etching. 
(T'o be continued.) 





ANNUALS AND REFERENCE BOOKS. 


Whittaker’s Electrical Engineer’s Pocket-Book.—The 
inherent difficulties facing the compiler of a reference 
book have been greatly accentuated by war, and post- 
war, conditions, and even now, as Mr. R. E. Neale, 
the editor, observes in the preface to the seventh edition 
of Whittaker’s Electrical Engineer’s Pocket-Book, “ it 
has not been possible in every case to take account of 
war emergency regulations, relaxations of standards, 
and changes in materials used for particular purposes.” 
The first two of these items hardly form matter for 
apology; war changes will not be suitable for record 
in a reference book until time shows that they have 
modified everyday practice, but there is an example 
of “ changes in materials” which certainly may be 
classed as one which will have permanent effects ; 
this is the development of synthetic insulating mater- 
ials, and it is unfortunate that circumstances have not 
allowed it to be dealt with in this volume. This 
omission is, however, less noticeable from the fact that 
the book does not deal with the manufacture of cables or 
insulated wire. The field covered is broadly that of 
industrial electrical engineering, treated from the point 
of view of the user rather than the manufacturer. 
The early chapters cover physical and mathematical 
principles and contain the tables which form an 
essential feature of any reference book of this class. 
They are extensive, but it would probably be a con- 
venience to many if the table of conversion factors 
could be extended. It is purely electrical, but as 
many mechanical matters, such as the design and 
performance of steam boilers, are dealt with, some 
mechanical conversion factors would be in place. The 
body of the book is made up of a series of independent 
chapters, each contributed by an authority on the 
subject concerned. Some of these constitute brief 
treatises on specialised subjects, examples being those 
on electrical pyrometers and electricity meters ; others 
cover wider fields, such as central-station design and 
electric traction. The whole presents a valuable survey 
of a wide field, and there must be few practising elec- 
trical engineers who would not find it useful for 
reference. It is published by Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2, at 30s. net. The book contains 938 pages, 
has an extensive index, and is adequately illustrated by 
diagrams and line drawings. 

British Locomotive Types.—The sixth edition of this 
useful book contains 140 drawings of locomotives— 
13 more than the previous edition—the principal 
additions being the ‘ 1000 ” class engines of the Great 
Western Railway, the converted ‘‘ Royal Scot” class 
of the L.M.S., the ‘“ A2” and “ A2/1” classes of the 
L.N.E.R., and the ‘‘ West Country” class of the 
Southern Railway. It may be noted that the only 
examples of locomotives with bar-frames included 
are the American-built “S160” class 2-8-0 and the 
0-6-0 shunter. Apart from the value of the book for 
reference purposes, much can be learned of present-day 
locomotives by comparing the characteristics of similar 
types, with due regard to operating conditions. It 
would, we suggest, be rather more convenient if all 
drawings depicted the locomotives facing in the same 
direction, though it is realised that, in the present 
instance, the governing factor has probably been the 
practice of the individual railways; in the majority 
of the drawings in the book, the engines are heading to 
the left, but many of the L.N.E.R. locomotives are to 
the opposite hand. The price of the book is 8s. net, 
and the publishers are the Railway Publishing Com- 
pany, Limited, 33, Tothill-street, London, 8.W.1. 





CHADWICK PuBLIC LECTURES.—Among forthcoming 
Chadwick Public Lectures, the Bossom Gift Lecture will 
be of interest to engineers. This is entitled ‘‘ Some Aspects 
of Structural Engineering,’ and will be delivered at 
2.30 p.m., on Tuesday, November 26, at the Institution of 
Structural Engineers, 11, Upper Belgrave-street, London, 
S.W.1, by Professor H. J. Collins, M.C., M.Sc., M.Inst.C.E., 
M.I.Mech.E. Further particulars regarding the lectures 


may be obtained from the secretary of the Chadwick 
Trust, 204, Abbey House, Westminster, London, S.W.1. 
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Fie. 1. Avro “ LancasTRIAN” wiTtH MERLIN AND NENE ENGINEs. 


FLYING DISPLAY OF BRITISH 
AIRCRAFT. 


Tue Seventh Flying Display and Static Exhibition 
organised by the Society of British Aircraft Construc- 


tors, and held at the Radlett Aerodrome of Messrs. | 
Handley Page, Limited, on Thursday and Friday, | 


September 12 and 13, afforded an excellent opportunity 
for some 6,000 of the Society’s guests to see the latest 
products of the British aircraft industry. Many of the 
guests were visitors from overseas, representing avia- 
tion in more than 40 different countries, and these, in 
particular, must ‘have been greatly impressed by the 
speed and maneeuvrability of many of the aircraft 
which took part in the flying display. Both these 
qualities have been enhanced by the jet engine, in the 
development of which Britain has played a leading part, 
but that the British reciprocating engine is still capable 
of putting up a remarkably good performance was 
amply demonstrated by aircraft powered by that 
form of prime mover. 


One aircraft which took part in the display, an Avro 


Lancastrian, was fitted with both jet and reciprocating 
engines. This machine is normally powered by four 
Rolls-Royce Merlin engines, but in that flown at 
Radlett the two outboard Merlins were replaced by 
two Nene jet-propulsion units, as shown in the photo- 
graph reproduced in Fig. 1, on this page. Fig. 2 
shows the Merlin and Nene power units on the port 


side of the aircraft to alargerscale. The objects of this | 
experimental installation are to test the efficiency of | 
the new form of power plant under flight conditions ; | 
to check the aircraft performance with jet engines, | 
when installed in heavy aircraft, against the estimated | 


figures; and to obtain information regarding the 
possibility of developing jet engines for large and 


medium air transports. The installation of the Nene | 


engines necessitated certain modifications to the 


aircraft, which have been carried out by Messrs. Rolls- | 
Royce and approved by Messrs. A. V. Roe, Limited. 
A particularly comprehensive range of instruments has | 


been installed for test purposes, the instrument readings 
being recorded photographically. At present, per- 


formance figures have not been fully investigated, but | 
we understand that the flying speed has been improved | 


considerably. At Radlett, the machine was shown | 


although the fuel consumption would be high, ond 
would, of course, improve rapidly with increase in | 


altitude. We understand that a comfortable cruising | , 


speed can be maintained in level flight with one Nene | 
engine only. The reduction of noise with the Nene | 
engines running was very noticeable, and the elimina- | 
tion of engine vibration would be an important advantage 
inaircraft for passenger service. An illustrated descrip- 
tion of the Nene engine will be found on page 247, ante. 
The Nene jet engine was also fitted in a high-speed 
fighter aircraft constructed by Messrs. Vickers- 
Armstrongs, Limited (Aircraft Section), which showed 
a remarkable turn of speed, although it was stated that 
the engine was not operating at full throttle. This is a 
new aircraft, at present known by its number 10/44; 
full particulars of its performance are not yet available, 
but its appearance and an idea of its dimensions can 
be obtained from the photograph reproduced in Fig. 3, 
on this page. Prominent among the high-speed air- 
craft demonstrated was the Gloster-Meteor machine, 
similar to that used in the recent record-breaking 
flight mentioned on page 256, ante. This machine is 
fitted with two Rolls-Royce Derwent jet engines. 
Several examples of jet-propelled aircraft were shown 








flying at a high speed on the two jet engines only, and 
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by the de Havilland Aircraft Company, Limited, who | 


have taken a prominent part in the development of this 
form of prime mover. Perhaps the most striking of 
this firm’s exhibits was the D.H. 108, which is an air- 
craft of the tailless type developed for research in high- 
speed flying. Fitted with a Goblin jet engine and 
flown by Mr. Geoffrey de Havilland, its perform- 
ance was most impressive. Fig. 4, opposite, shows 
its appearance. The Goblin gas turbine, which was 
described on page 175 of our 16lst volume (1946), 
was also fitted on another de Havilland exhibit—the 
Vampire fighter, the high speed and manceuvrability of 
which were displayed in a very striking manner. 

In addition to the jet-propelled aircraft above 
referred to, several high-speed machines with the more 





VICKERS-ARMSTRONGS 10/44 FIGHTER wITH NENE JET ENGINE. 


usual form of power plant were demonstrated. In this 
class, mention should be made of the Napier Warwick, 
which is a general-reconnaissance aircraft fitted with a 
Sabre engine, and of the Hawker Sea Fury single-seat 
naval fighter. The pilot of the latter gave a remark- 
able exhibition of ‘“‘ aerobatics,” and also demonstrated 
that the wings could be folded up while taxi-ing. This 
machine is fitted with a Bristol Centaurus XVIII 
engine. Other ship aircraft which should be men- 


tioned are the Fairey Spearfish, a torpedo dive-bomber 


reconnaissance machine; the Vickers-Armstrongs 
Seafang 32 shipborne fighter ; the Blackburn Firebrand 
torpedo fighter; and the Fairey Firefly Trainer, which 
is designed for naval-fighting training duties and is 
fitted with a Rolls-Royce Griffon engine. The last- 
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De Havittanp TAILLEss AIRCRAFT WITH GOBLIN JET ENGINE. 








Fic. 5. ARMSTRONG-WHITWORTH TAILLESS GLIDER. 














Fic. 6. Crerva W9 HELICOPTER. 


mentioned aircraft is capable of flying at a remarkably 
low speed with the wing flaps down, and this charac- 
teristic was demonstrated in the course of the flight. 

Some of the high-speed aircraft for military duties 
over land, also fitted with reciprocating engines, should 
be mentioned, as in some cases the speed they attained 
appeared to be of a similar order to that of the jet- 
propelled machines. The de Havilland Hornet single- 
seat fighter fitted with two Merlin engines is in this 
class, and, in addition to a high speed, has a long radius 
of action. The Hawker Fury single-seat fighter may 
also be mentioned here. It is fitted with a Napier 
Sabre engine, and an interesting feature of its demon- 
stration flight was the production of vapour trails from 
the wing tips; other high-speed aircraft also showed 
this phenomenon. The Bristol Atroplane Company, 
Limited, demonstrated the Brigand long-range attack 
aircraft, which is powered by two Bristol Centaurus 57 
engines; and the Buckmaster advanced trainer, fitted 
with two Centaurus XI engines. 

A range of over 20 aircraft for civil aviation was 
included in the display, and while their performance 


| naturally was less spectacular than that of high speed 
military machines, it was entirely satisfactory for the 
duties they are required to perform. Among the 
| largest of the civil aircraft shown was the Bristol Way- 
farer, which is capable of carrying 34-40 passengers 
and is powered by two Bristol Hercules engines. 
The Avro Tudor I, also demonstrated, is a long- 
range air-liner, for transatlantic and similar service, 
propelled by four Merlin engines. Two Bristol Her- 
cules engines are used on the Vickers-Armstrongs 
Viking, which is an air-liner of recent production and 
is capable of carrying 21-24 passengers. For a consi- 
derable part of the time this machine was in the air 
it was flying on only one engine, which is a particularly 
important feature in an air-liner; this characteristic, 
however, was shown by several other aircraft. The 
de Havilland Dove is a passenger aircraft of particularly 
pleasing appearance, as may be judged from a photo- 
graph of it reproduced in ENGINEERING on page 156, 
ante; a full description of the machine will be found 
in the same issue. The Dove is capable of carrying 





8-11 passengers and is described as a feeder air-liner ; 
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1t is propelled by two de Havilland Gipsy Queen Series 
70 engines. The Miles Marathon four-engined air-liner 
and freighter, and the same makers’ Aerovan light 
freighter and air-liner, have both been illustrated and 
described in ENGINEERING, the former in last week’s 
issue, on page 258, and the latter on page 487 of our 
159th volume (1945), where the Messenger 3-4 seater 
light aeroplane was also referred to. We illustrated 
and described the Miles Gemini light transport aircraft 
in our issue of February 22, 1946, on page 174. Other 
light aircraft demonstrated, which we can only mention 
briefly, were the Percival Proctor V light transport 
aeroplane, fitted with a de Havilland Gipsy Queen IT 
engine; the Auster Autocrat three-seat machine 
powered by a Blackburn Cirrus Minor II engine ; 
and the Airspeed Consul five-passenger feeder transport. 
Only one passenger-carrying flying boat was shown in 
flight, this being the well known Short Sandringham, 
as used on the Empire air routes. The power plant 
consists of four Bristol Pegasus 38 engines. 

A special event which aroused considerable interest 
was the towing of a tailless glider, known as the 
AW.52G. The demonstration was arranged by 
Sir W. G. Armstrong Whitworth Aircraft, Ltd., and 
the object, we understand, is to obtain aerodynamic 
data for the design of a large tailless aircraft of which 
the glider is a scale model. A photograph of the glider 
on the ground is reproduced in Fig. 5, on this page. 
In the background of this illustration, the Cierva W9 
helicopter is partly visible. This remarkable aircraft, 
which was most effectively demonstrated in flight, is 
shown on the ground in Fig. 6. It has been designed 
for research purposes by Messrs. Cierva Autogiro 
Company, Limited, and, as will be clear from Fig. 6, 
has been provided with a jet, the emission of gases 
from which in a direction at right-angles to the longi- 
tudinal axis of the machine serves to balance the 
torque-reaction of the lifting screw. Formerly, we 
believe, an independently-driven airscrew was used 
for this purpose. The aircraft, which was constructed 
by Messrs. Cunliffe-Owen Aircraft, Limited, is powered 
by a de Havilland Gipsy Six Series II engine. Of 
considerable interest and importance, although per- 
haps more familiar to the visitors than the foregoing, 
was the demonstration of the delivery of petrol to 
an aircraft in flight from a tanker aircraft flying above 
it. We understand that 1,000 gallons weré supplied 
in this way during the demonstration,which was carried 
out, with complete success, by Messrs. Flight Refuelling, 
Limited. 

The static exhibition of aircraft and of various 
components, accessories, and materials used in their con- 
struction, at which some 200 firms were represented, 
was open for inspection on both days, but the attend- 
ance may have suffered to some extent on the second 
day from the counter attraction of the flying display. 
It has been stated that the industry has set itself the 
task of producing aircraft for export purposes to the 
value of 161. million per annum over the next three 
years, and it may be noted in this connection that the 
value of British aircraft exports for the best pre-war 
year was rather less than 6/. million. The success of 
the Radlett meeting, on which the Society of British 
Aircraft Constructors are to be congratulated, should be 
of material assistance to the industry in reaching its 
target figure. It should certainly have convinced the 
overseas visitors that Britain can design and construct 
efficient aircraft of all types; and can fly them with 
consummate skill. The meeting concluded on Sunday, 
September 15, with a garden party and flying display 
for members of the Royal Aeronautical Society. 





INDUSTRIAL-TRUCK ADVISORY SERVICE.—The forma- 
tion of an industrial-truck advisory service is announced 
by Messrs. Crompton Parkinson Limited, Electra House, 
Victoria Embankment, London, W.C.2. This service 
will undertake the preliminary investigation of haulage 
problems, in order to determine the most suitable type 
of truck for given conditions. It is particularly con- 
cerned with increasing the efficiency of internal transport 
systems by the employment of “ Electricar ” trucks. 





CONGRESS OF PURE AND APPLIED CHEMISTRY.—<At 
the 10th International Congress of Pure and Applied 
Chemistry, held in Rome in May, 1938, it was unani- 
mously decided that the 11th Congress should be held in 
London in 1941, concurrently with the celebration of 
the centenary of the foundation of the Chemical Society 
in London. On account of the war, both the centenary 
celebrations and the Congress were postponed and, as 
already announced in our columns, it has now been 
decided that both events should take place in London in 
July, 1947. The 11th International Congress of Pure 
and Applied Chemistry will meet, under the presidency of 
Lord Leverhulme, from July 16 to 24, 1947, and it is 
hoped that delegates from many countries will be present. 
Further information may be obtained from the honorary 
organiser at 56, Victoria-street, London, S.W.1. (Tele- 





phone : ViCtoria 5216.) 








284 


ENGINEERING. 





UNITED STATES PRODUCTION AND 
CONSUMPTION OF LEAD. 


ALTHO..GH the termination of active hostilities halted 
immediately the consumption of many commodities, 
and, since production could not be stopped with equal 
abruptness, released large quantities for civilian use, 
it is a common experience that some current shortages 
are even more pronounced than those of the war years. 
From a recent report* on the United States lead 
industry during the year 1945, it would seem that this 
phenomenon is not peculiar to the British Isles, for, 
according to the report, “ the supply of lead available 
for industrial consumption throughout 1945 was seri- 
ously short of demand.” Similar experience, it may be 
supposed, influenced the decision of the British Govern- 
ment to recover from the bottom of the English Channel 
the extruded-lead ‘‘ Hais”’ pipelines which were laid 
as part of the “ Pluto” installation to pump petrol 
directly from the South Coast to the Allied Forces in 
France; initially, we believe, it was thought to be 
economically impracticable to raise the pipes, which 
contain some 12,000 tons of lead, but other counsels 
have prevailed and the work is now in hand. 

The largest source of United States supplies of lead 
is the domestic mine production, but this has been 
declining for some time and the imports of lead-bearing 
materials, required to offset this decline, were lower in 
1945 than at any time since 1940. The quantity pro- 
duced from the mines in the United States and Alaska 
(including that used in pigments) was 390,831 short 
tons during 1945, a total which was 6 per cent. less 
than in 1944 and 21 per cent. below the war-time peak 
production of 1942. South-eastern Missouri was the 
chief producing area, supplying 44 per cent. of the 
domestic output, with Idaho second; the western 
States together provided 47 per cent. of the total. The 
output of refined lead for the year was 462,110 short 
tons, the proportions obtained from domestic ores and 
base bullion, and from imported materials, being 80 per 
cent. and 20 per cent., respectively, as against 85 per 
cent. and 15 per cent. in 1944. Antimonial-lead pro- 
duction decreased 2 per cent. to 56,495 tons and the 
average antimony content was less than formerly, this 
latter feature resulting from a greater demand for low- 
antimony alloys for use in type metal, solder, sheet and 
pipe, and collapsible tubes and foil. 

Of the imported lead, which was mainly in the form 
of pigs and bars, more than 70 per cent. was obtained 
from Mexico, most of the remainder coming from Peru, 
Canada and Australia; these four countries supplied 
91 per cent. of the total imports of lead in all forms. 
The total imported in pigs and bars was 227,469 short 
tons, according to the records of the United States 
Department of Commerce. The total consumption of 
refined lead during the year was 637,499 short tons, 
this figure including certain Government-owned stocks 
which were released for general use to meet the rising 
industrial demand. The corresponding total of con- 
sumption during 1944 was 722,820 short tons. Some 
interesting details of the purposes for which the lead 
was used are given in a table in the report. The biggest 
single item in both 1945 and the previous year was 
that of red lead and litharge, the respective amounts 
being 157,171 short tons in 1945 and 157,080 in 1944— 
a surprisingly close comparison, bearing in mind the 
alteration in the ruling circumstances during those 
two years. The production of cable covering 
ranked second in importance, totalling 86,158 short 
tons in 1945 and 110,417 tons in the preceding year ; 
and the third largest market was in the production of 
tetra-ethyl lead—75,890 and 83,067 short tons, respec- 
tively. The manufacture of storage batteries, which 
had consumed 68,769 short tons in 1944, accounted 
for only 60,179 tons in 1945; and even more striking 
reductions, in proportion were recorded in the alloca- 
tions for foil (11,190 short tons in 1944, but only 2,185 
tons in 1945) and “ weights and ballast,” a somewhat 
indeterminate item which consumed 22,964 short tons 
in 1944, but only 9,539 tons in 1945. The consumption 
for lead-plating, however, more than doubled, rising 
from 494 tons in 1944 to 1,130 tons in 1945. 





DEVELOPMENTS AT MIDDLESBROUGH.—Messts. Dorman, 
Long and Company, Limited, Middlesbrough, are building 
a new power plant, costing 500,0001., at their Cleveland 
Works. It is anticipated that it will be in operation 
next February. Approximately 2,400 tons of structural 
steel will be used in the construction of the boiler plant, 
with another 1,000 tons for the power-house building. 
Construction has also begun at the Cleveland Works on 
a@ new central ore-unloading and ore-preparation plant to 
serve all the company’s works in the Miiddlesbrough 
area. It will also serve the future new steelworks and 
universal beam mill to be built on a site between the 
firm’s Cleveland and Redcar works. 





* Mineral Market Report No. 1441, “‘ Lead Industry 
in 1945,” published on July 31, 1946, by the United States 
Bureau of Mines. 


UNDER an agreement reached by representatives 
of the National Union of Foundry Workers and repre- 
sentatives of the employers, 2,800 Italian moulders— 
800 skilled and 2,000 semi-skilled—are to be introduced 
into the British industry. The Foundry Workers’ 
Union is an affiliate of the Confederation of Ship- 
building and Engineering Unions. It is provided that 
the Italians shall be paid not less than trade union 





rates, be employed under full trade-union conditions, 
and become temporary members of the union. It is 
also agreed that they shall be returned to their homes 
when the position can be met by employing British 
labour. No Italian worker will be employed in any 
foundry unless the employer and the union concerned 
mutually agree that he may be introduced. 





As the result of an agreement between the Wool 
Textile Employers’ Council and the National Associa- 
tion of Unions in the Textile Trade, a working week of 
45 hours instead of the present 48 hours, will be estab- 
lished in the wool textile industry as from the first 
week in November. The shorter week will be worked 
in general in five days, although by agreement between 
employers and unions in any particular district, the 
5$-day week may be continued. A statement issued 
by the Employers’ Council said that the 45-hour week 
did not form part of the union’s application, but was 
voluntarily conceded by the employers to whom it 
means a rise of 6-67 per cent. in labour costs. The 
shorter week, coupled with various wage advances 
and adjustments specified in the agreement mean, the 
employers reckoned, an increase in the industry’s 
labour costs of between 12 and 15 per cent. About 
140,000 wool textile workers are covered by this 
agreement. 





Discussions at next month’s Trade Union Congress on 
the question of the shorter working week may, it is 
hoped, reveal some degree of unanimity as to what 
reduction should be aimed at. At present, individual 
unions appear to differ sharply on the point. The wool 
textile workers, as has been stated, have agreed to a 
five-day 45-hour week; workers in the carpet-making 
trade at Kidderminster have rejected a recommenda- 
tion of the District Joint Council for the industry to 
accept a 45-hour, five-day week, and are pressing, 
through the Carpet Weavers’ and Textile Workers’ 
Association, for a 424-hours, five-day week ; the Cotton 
Workers’ trade unions have applied to the Cotton 
Manufacturers’ Association for a 43}-hour, five-day 
week. In the case of the cotton manufacturing 
industry, the present working week is of 48 hours. 





Some time ago, Messrs. John Bury and Company, 
Accrington, a member of the Cotton Manufacturers’ 
Association, decided to act independently and introduce 
a five-day week experimentally for a month. The 
results of the trial have been sufficiently satisfactory, 
it is officially stated, to justify a further test of a month. 
According to a director of the firm, production had 
hardly been affected by the change. 





In the industries covered by the statistics regularly 
compiled by the Ministry of Labour and National 
Service, the changes in rates of wages reported to have 
come into operation in the United Kingdom during 
July resulted in an aggregate increase estimated at 
approximately 451,000/. in the weekly full-time wages 
of about 1,221,000 ae and in a decrease of 
about 10,0001. in the wages of about 84,000 workpeople. 
The great majority of the workpeople whose wages 
were increased were agricultural workers in England 
and Wales. The statutory minimum rates of wages 
of these workers were increased in general by 10s. a 
week in the case of men and women and by smaller 
amounts, varying according to age, in the case of 
employees under 21 years of age. 





The industries in which wage rates were decreased 
during July included tobacco manufacture and cine- 
matograph film production ; the reductions were due 
to arrangements under which wages fluctuate according 
to movements in the cost-of-living index figure. For 
boys employed as labourers in the building industry 
in England and Wales a reduced scale of wages was 
substituted for a scale introduced during the war. 
Of the total increase of 451,0001., about 335,000/. 
was the result of Orders made under the Agricultural 
Wages (Regulation) Act and the Wages Councils Acts ; 
about 38,0001. was the result of arrangements made 
by Joint Industrial Councils or other joint standing 
bodies established by voluntary agreement ; and most 








of the remainder resulted from direct negotiations 
between employers and workpeople or their representa- 
tives. 





SEPT. 20, 1946. 


The number of disputes involving stoppages of work 


reported to the Department as beginning in July was 
155. In addition, 13 stoppages, which began j) fore 
July, were still in progress at the beginning of that 


month. The approximate number of workers inyolyeq 
during July in these 168 stoppages, including workers 
thrown out of work at the establishments where the 
disputes occurred, is estimated at nearly 46,000. ‘The 
aggregate number of working days lost at the esta})lish. 
ments concerned, during July, was 162,000. Of the 
stoppages known to have been in progress at some time 
in July, the coal-mining industry accounted fo: 81, 
involving over 14,000 workers, and resulting in an 
aggregate loss of 24,000 working days. 





Of the 155 disputes leading to stoppages of work 
which began in July, 18, directly involving 3,800 
workers, arose out of demands for wage increases ; 59, 
directly involving 9,300 workers, out of other wage 
questions ; 3, directly involving 500 workers, out of 
questions relating to working hours; 21, directly 
involving 4,900 workers, out of questions respecting 
the employment of particular classes or persons 





50, directly involving 13,200 workers, out of other 
questions relating to working arrangements; and 3, 
directly involving 4,300 workers, out of questions of 
trade union principle. One stoppage, directly involy- 
ing 200 workpeople, was the result of sympathetic 
strike action. 





Official figures, published last week, show that the 
number of men and women at work increased by 96,000 
in July. The total was 17,070,000, and it included 
4,680,000 manufacturing for the home market— 
approximately equal to the mid-1939 figure—and 
1,354,000 manufacturing for export—37 per cent. 
more than in 1939. Unemployment figures, at 
August 12, were higher by 4,387 than the total a month 
earlier, the men and boys numbering 270,979—a rise of 
about 7,200—and women and girls 42,742—a decline 
of about 3,000. 





According to the preliminary agenda for next month's 
Trades Union Congress at Brighton, the Amalgamated 
Society of Woodworkers invite the delegates to say 
that it is necessary for the trade union movement “to 
give careful attention to the whole problem of applying 
the most modern scientific and technical development 
throughout industry,” the purpose being to lighten the 
burden of labour, and to “‘ remove the obstacles to 
productivity represented by out-of-date methods often 
serving only limited vested interests among employers.” 
The resolution also asks the General Council to assist in 
surveying new methods, materials, machinery, and 
power tools, and to prepare reports which will give 
guidance to the workers’ representatives in taking a 
full part in the activities of joint production machinery. 





There are, as usual, a number of resolutions calling 
for a minimum-wage policy, including one by the 
Amalgamated Engineering Union. The National Union 
of Vehicle Builders desire a legal minimum scale as 
the basis of all agreements on the subject of wages. 
Some unions ask for the abolition of compulsory arbi- 
tration, and that of the Musicians seeks a declaration 
by the Congress in favour of the principle of the “ closed 
shop.” 





The demands of unions belonging to the Trades 
Union Congress for the exclusion from employment of 
all who are not members of affiliated organisations con- 
tinue to increase, although in some high official circles 
the basic stock argument appears to be undergoing 
some modification. The aim of the movement is now 
said to be chiefly the elimination of “ break-away ” 
unions. The Gas Workers’ Union, of which Mr. Bob 
Edwards, chairman of the Independent Labour Party, 
is leader, is one of them. In a reference last week to 
the “dangers of the closed shop principle,” he is 
reported to have said that it was wrong for the Labour 
Movement to give job monopolies to trade unions, and 
to splace leaders in a position where they could wipe 
out a thousand of their own members who decided 
that they could not tolerate the policy of the union 
any longer. 





The threatened strike of members of the <Aero- 
nautical Engineers’ Association against the refusal of 
the organisations comprising the British Overseas 
Airways Corporation to recognise their organisation as 
a negotiating body, duly took place last week, but 
appears to have been only partial, and, in any case, 
did not appreciably interrupt any of the air services. 





Ten unions affiliated to the Trades Union Congress 
and parties to agreements with the airways corpora- 
tions have decided to set up joint negotiating piachi- 








nery to cover all grades of employees engaged a the 
aviation field. 
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NOTES ON NEW BOOKS. 


Section’d Perspective View of Cylinders and Motion. By 
vy. C. Stockton. Offices of The Railway Gazette, 
33, Vothill-street, London, 8.W.1. [Price ls.] 

Tae sub-title to this reproduction explains that it is 

“a new presentation of pistons, valves and valve gear, 

and the associated castings, for L.M.S.R. 4-6-0 mixed- 

traffic locomotive.” The device of the “exploded 
view” is not new, of course, but it is usually applied 
in diagrammatic illustrations employed for advertising 
purposes. Here it is developed into an instructional 
technique of the first quality and combined with 
sectioning and graded stippling and shading with great 


ingenuity and consummate draughtsmanship. It would | p 


form an instructive and inspiring wall chart for = 
in technical-college classrooms wherever machi 
drawing is taught. 


The Operation of Gas Producers. Fuel Efficiency 
Bulletin No. 44. The — of Fuel and Power, 
Queen Anne’s Chambers, Dean Farrar-street, London, 
S.W.1. [Free on application.] 

Tue Fuel Efficiency Committee of the Ministry of Fuel 
and Power have prepared and distributed, gratis, a 
number of bulletins giving advice to industrial firms 
and the members of their staffs on the management and 
operation of fuel-burning appliances for power and 
heating. Though the proverb about taking a horse to 
water may be aptly applied to such publications, since 
the most excellent suggestions for efficiency often 
cannot be enforced, the 44th of the series, recently 
issued, deserves the attention of all who use fuel for 
gasification in industrial producera. Throughout, the 
subject is treated simply and succinctly. The claim 
that the pamphlet will be easily read by both the 
operative and the superintendent is well substantiated, 
and it is a good point to give the more detailed 
technical information in appendices, so that the super- 
intendent can select for the close attention of the 
operative just those details which best apply to indivi- 
dual installations. From the operative’s point of view, 
probably the most interesting sections of the bulletin 
will be found under the headings of “‘ Operation ” and 
“The Transmission of the Gas.” The first contains 
valuable hints on how to maintain the fuel bed in a 
freely gasifying condition and evidently is based upon 
reliable practical experience. The section dealing with 
transmission is equally informative and shows how 
mains should be dimensioned and, what is of equal 
importance, how they can best be cleaned periodically 
of soot and ash deposits. Proper precautions against 
explosions are fully enumerated, but “‘ Cases exist where 
opening the stack valve while the main still contains 
gas is an absolute guarantee of an explosion” does 
not seem the best way to give this advice ; for safety, 
the more direct the warning the better. 


Lifts. By L. W. Hongy, Assoc.I.E.E.- Marryat and 
Scott, Limited, 40, Hatton-garden, London, E.C.1. 


TuIs convenient and well-produced handbook collates 
and summarises the British legislation and standard 
specifications which form the kground. of current 
practice in the design and installation of passenger and 
goods lifts. The author, who has spent 26 years in 
this branch of engineering, has selected with care all 
the relevant extracts from the various Acts, and 
Statutory Rules and Orders, framing the legal require- 
ments for lifts and their machinery. This section is 
followed by a ‘‘Code of Practice’’ embodying the 
generally accepted rules for lift installations, including 
the lift wells, machine rooms, cars, counterweightg, 
etc., supplemented by further considerations in regard 
to the application of lifts to flats, de ent stores 
and offices. The section dealing with British Standard 
Specifications covers the usual lift accessories, such as 
wire ropes, thimbles and grips, worm gearing and 
flexible electric cables, and concludes with a glossary 
of the conventional terms used in lift ineering. 
Under the heading of ‘‘ General Data,” the author has 
included much useful information on the estimation of 
lift capacity for given conditions of service, factors 
governing the life of lifting ropes, diagrammatic arrange- 
ments of various types of susperision and drive, and 
numerous tables, graphs amd formule. The book also 
contains a comprehensive list of the power voltages fur- 
nished by the various electricity supply authorities in 
Great Britain, Northern Ireland and Rive. Brief parti- 
culars of the Marryat and Scott organisation, and of 
buildings in which their lifts are installed are given, but 
the book is not a catalogue or primarily an advertise- 
ment, but a really useful contribution to the literature of 
its subject. It is available free to bona fide practising 
architects, consulting engineers and surveyors, on 
application to the publishers. The author draws 
special attention to the need for early collaboration 
between the architect and thelift engineer in the design 
of a new building, in order that the technical require- 
ments for the most suitable form of lift service can be 
fitted into the general architectural plan. 





GAS CARBURISING.* 
By Ivor Jenxtins, M.Sc. 
; (Concluded from page 264.) 

PaRTLY-BURNT town gas contains carbon dioxide, 
carbon monoxide, hydrogen, water vapour, nitrogen, 
and possibly methane, in concentrations determined 
by the degree of combustion of the original raw gas. 
Industrial plants are available in which the carbon 
dioxide is removed by a in an organic solvent 
capable of regeneration, while water is absorbed 
fF for example, activated alumina. For the purpose 
of the experiments, partly-burnt town gas, as delivered 
ty acted commercial r, was freed com- 

ly from carbon dioxide by bubbling through a 
$a cent. solution of mon thanolamine in water, 
then dried over activated alumina. The gas 
finally passed through a liquid-air trap. In certain 
experiments, water vapour in controlled amounts was 
re-introduced into the dried gas by bubbling it through 
as uric-acid solution of known strength, main- 
ined at a constant temperature in a thermostatically- 
controlled waterbath. Vapour-pressure data from the 
International Critical Tables were used for calculating 
the percentage of water vapour introduced. Car- 
burisation of mild steel in the atmosphere processed 
in this way was carried out in the apparatus shown in 
Fig. 1, on page 261, ante. 
or a given gas composition the rate of carburisation 
increased with temperature, but below the upper 
critical point of approximately 875 deg. C., the case 
was very shallow, with a steep gradient from the 
surface to the core. This was found to be independent 
of the composition of the gas used and is probably 
associated with the low rate of diffusion of carbon in 
the austenite-ferrite complex. 

This rate of carburisation increased with the carbon 
monoxide content of the atmosphere, but a water- 
vapour content above 0-003 per cent. was found to 
reduce the carburising power of the gas quite con- 
siderably, whereas below this concentration the rate 
of carburisation was found to be greater than that 
obtained with the — dry gas. It is probable 
that small traces of water vapour activate the steel 
surface by cyclic adsorption-desorption reactions, 
without being present in sufficient concentration to 
promote decarburisation. At gas velocities of the order 
of 15 linear ft. per minute, the degree of carburisation 
approached a constant value. At 950 deg. C. the maxi- 
mum rate of carburisation obtained under optimum 
conditions of atmosphere composition and rate of flow 
was approximately 0-010 in. per hour for treatments 
up to 5 hours in duration, giving a surface hardness on 
the steel quenched from 825 deg. C. of 870 diamond- 
pyramid number. 

Carbon dioxide and water vapour can be eliminated 
from burnt town gas by passing the mixture over 
charcoal heated to approximately 1,000 deg. C. Re- 
actions between the carbon and the decarburising gases 
result in an increase in both the carbon monoxide and 
h contents of the burnt town gas. Carburisation 
of mild steel at temperatures ranging from 825 deg. to 
950 deg. C. in an atmosphere produced as above was 
carried out in the carburising furnace shown in Fig. 2, 
on page 261, ante. Microphotographs of the types of 
case produced are shown in Figs. 7 to 9, on page 286. 
An atmosphere of this t is much more strongly 
carburising, under comparable conditions of test, than 
is the atmosphere produced by the chemical purifica- 
tion of burnt town gas, a rate of carburjsation being 
obtained which is comparable with that reached in 
box-carburising practice. The results indicate that the 
concentration of carbon in the surface of the steel is 
far greater at temperatures below the upper critical 
change point than above it. It is probable that this 
is associated with the formation of a surface film of 
pure cementite, possibly only a few molecules thick. 
Owing to the slow rate of diffusion of carbon in the 
austenite-ferrite phase, there is a greater tendency for 
the concentration of carbon to build up at the steel 
surface, and a correspondingly greater opportunity for 
the formation of a surface film of cementite. In the 
pure austenitic phase, the rates of absorption and 
diffusion of carbon are so markedly increased that there 
is little opportunity for the formation of a continuous 
surface film of iron carbide. - 

As in the case of the chemically-purified burnt town 
gas, mild-steel specimens carburised at temperatures 
above 800 deg. C. in burnt town gas pre-heated over 
charcoal, remained perfectly bright throughout the treat- 
ment. Specimens treated below 800 deg. C., however, 

a very light but adherent surface film of 
carbon after treatment. This phenomenon is of 
particular significance and is discussed later in greater 
detail. 


* Communication from the staff of the Research 
Laboratories of the General Electric Company, Limited, 
Wembley, to be presented at the annual autumn meeting 
of the Iron and Stee] Institute, in London, on Wednesday 











and Thursday, November 13 and 14, 1946. Abridged. 


The partly-burnt town gas normally used for bright- 
annealing is obtained by the combustion of town gas 
with air in a volume ratio which is always within the 
limits of combustibility, and the heat of combustion is 
utilised to maintain the temperature of the combustion 
chamber of the generator within a recommended range. 
However, a fuel gas-air mixture can be so rich in gas as 
to be virtually non-combustible, but if such a mixture 
is heated, then reactions between the gases take place 
in which the free oxygen is consumed, the hydrocarbons 
are converted to carbon oxides and hydrogen, and the 
general trend is towards the establishment of a high- 
temperature equilibrium with the minimum possible 
number of active gases. The whole process is endo- 
thermic, and is promoted at high temperatures by 
metal catalysts or by charcoal. Provided that the 
temperature is sufficiently high, an atmosphere can be 
= free from carbon dioxide and having a very 
ow dew-point. 

A typical composition of an atmosphere generated in 
this way is as follows :—carbon monoxide, 24-4 per 
cent.; methane, 1-0 per cent.; hydrogen, 35-6 per 
cent.; nitrogen, 39-0 per cent.; and water vapour, 
0-1 percent. The above atmosphere, produced from a 
ratio of air-town gas of 1}: 1, been used for car- 
burisation experiments. The type of case produced 
on a 0-15 per cent. carbon steel after carburising at 
925 deg. C. for 5 hours in “‘ reacted gas ”’ as generated, 
is shown in Fig. 10(a), on page 286. Additional experi- 
ments were carried out with the same atmosphere, to 
which was added 2 per cent. of propane, a microphoto- 
graph of the resulting structure being shown in Fig. 
10(6). As _ will seen from this, the small 
trace of water vapour has quite a marked effect in 
reducing the carburising power of the gas, but this 
can be counteracted either by drying the gas over 
activated alumina or by the additiou of a low concen- 
tration of propane. Alternatively, generation of the 
atmosphere at a higher temperature will reduce even 
further the concentration of water vapour. 

The surface carbon content obtained in the non- 
carburetted atmosphere was only just above the 
eutectoid composition. The addition of 2 per cent. of 
propane resulted in an increase in the surface carbon 
content to a value corresponding to almost complete 
saturation of the austenite at 925 deg. C., and resulted, 
in addition, in a considerably improved depth of case. 
The atmosphere gives bright carburisation when not 
carburetted and is explosive when mixed with air. 
Fig. 10(c) shows the structure of the 0-15 per cent. 
carbon steel carburised at 925 deg. C. for 5 hours in 
an atmosphere of 4 per cent. propane-96 per cent. 
burnt town gas pretreated over hot charcoal. 

It has already been shown that the atmosphere 
generated inside a carburising box is probably, in the 
main, associated with the reaction of absorbed water 
vapour and the charcoal. Experiments have been 
carried out, therefore, to investigate the carburisation 
of carbon and alloy steels in an atmosphere produced 
by the reaction of steam on hot charcoal. Because of 
the endothermic nature of the reaction involved, the 
atmosphere generator consisted of a retort, heated 
externally by means of an electric furnace to approxi- 
mately 1,000 deg. C. The atmosphere generated under 
these conditions had the following composition :— 
carbon monoxide, 49-0 per cent. ; hydrogen, 48-5 per 
cent.; methane, 2-5 per cent.; and water vapour, 
0-1 per cent. Carburisation of the 0-15 per cent. 
carbon steel at 925 deg. C. and a nickel-chromium- 
molybdenum case-hardening steel at 900 deg. C. has 
been carried out in this atmosphere, completely dried 
over activated alumina. The amounts of carburisation 
produced in the two gas mixtures compare very favour- 
ably with each other, that in the steam-charcoal gas 
giving a rather steeper initial carbon gradient than that 
in the air-propane mixture. On the other hand, car- 
burisation in steam-charcoal gas gives a clean, soot-free 
surface, and this results in a much more uniformly 
carburised case. 

The rich hydrocarbon atmosphere leads to a hyper- 
eutectoid type of case, frequently having quite a deep 
zone of cementitic network. On the whole, this is not 
desirable, since on hardening exfoliation of the case can 
result, and it is advisable to follow such a carburising 
treatment with a diffusion period in which the surface 
carbon content is reduced to the eutectoid composition. 
The carbon-monoxide-hydrogen atmosphere, however, 
produces a case with a maximum carbon content only 
slightly above the eutectoid composition, the depth of 
the case on the whole being slightly less than that 
obtained in the diluted hydrocarbon type of atmosphere. 
On the other hand, the production of this type of case, 
with which there is no need for a diffusion period, may 
be the more satisfactory on the.whole. 

The rate of carburisation in any atmosphere can be 
influenced considerably by the condition of the steel 
surface, and this aspect of the subject has been investi- 
gated, using a carburising gas of burnt town gas from 
which the carbon dioxide and water vapour had been 
removed completely. Flat mild-steel specimens were 





used for the experiments, carburisation being carried 
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out in all cases at 950 deg. C. for 5 hours. The surfaces 
were mechanically roughened by sand- or shot-blasting, 
or by abrasion on emery cloth. Mat surfaces were 
produced by oxidising the steel in air at 950 deg. C. 
before carburisation. Mechanical roughening or pick- 
ling of the surface had little effect on the rate of car- 
burisation, as indicated by the weight of carbon ab- 
sorbed per unit area. An oxidised and reduced surface 
was rather more receptive to carbon absorption than 
was a bright cold-rolled surface, but the order of the 
increase obtained is insufficient to justify the introduc- 
tion of an additional process before carburisation. 

A burnt fuel gas can progressively roughen a bright 
steel surface if chemical equilibria for the so-called 
“* producer-gas ”” and “‘ water-gas”’ reactions are not 
satisfied at the temperature of treatment : 


CO, + C # 2CO 
CO, + H, = CO + H,O. 


The reactions proceed to equilibrium at the high 
temperature, catalysed by the steel surface, which 
becomes etched and very active, chemically, in the 
process. It is probable that during the etching treat- 
ment some decarburisation of the steel tahap gined by 
both the carbon dioxide and the water vapour present 
in the burnt town gas, and in this connection it is 
interesting to note that in the carburisation of armour 
plate it is sometimes the practice to give the material 
a short decarburisation treatment before carburising, 
since this is found to improve the rate of carburisation. 

Experiments have been carried out to determine 
the effect of a gas-etching treatment upon the rate of 
carburisation of a low-carbon steel carburised in 
purified burnt town gas.* The procedure was to heat 
the specimen to the carburising temperature in the 
burnt town gas atmosphere as supplied by the atmo- 
spheric generator. This gas contained, in addition to 
carbon monoxide, hydrogen, and nitrogen, the de- 
carburising carbon dioxide and water vapour. 
The atmosphere composition selected was one which 
was known to cause pronounced etching after only a 
short time of treatment at 950 deg. C. The atmosphere 
used for etching was the basis of the carburising 
atmosphere which was produced by the complete 
absorption of the carbon dioxide and the water vapour 
from the original burnt town gas. Thus, after the 
etching period was completed, the carburising gas was 
brought on to the furnace tube and carburisation 
proceeded for the predetermined time of test. The 
results are illustrated in Figs. 11 and 12, opposite. 
It will be noted that the rate of carburisation was 
increased appreciably even after quite a short pre- 
etching time. The surface carbon content increased 
and the case depth was more than doubled after an 
etching time of only 30 minutes. Alternate etching 
and carburisation did not give satisfactory results, 
since the etching atmosphere is very decarburising, and 
the loss of oaben during the intermediate etching 
treatments of a steel already carburised more than 
offsets the increased rate of carburisation resulting 
from the etching. 

The greater rate of carburisation ap to be 
associated with an increase in the chemical activity of 
the steel surface, and cannot be attributed to the lower 
initial carbon content of the surface of the steel after 
the etching treatment. The process of carburisation 
itself activates a steel surface owing to progressive 
roughening, so that etching in a complex atmosphere 
such as is described above merely serves to prepare 
the surface for a rapid initial rate of carburisation. 
Once the surface has become activated, continued 
carburisation maintains the activity at the highest 
possible level. Contamination of the surface during 
carburisation decreases this activity, however, and 
results in an overall decrease in the rate of carburisation. 

For carburisation to proceed at a satisfactory rate 
it is necessary for the steel to be in a condition which 
readily absorbs the nascent carbon supplied to it at 
the surface. The foregoing experiments have shown 
that, below the upper critical point for the steel, i.e., 
in the ferrite-austenite phase, the rate of solution of 
carbon by the iron is comparatively slow. Gamma iron, 
on the other hand, dissolves carbon very readily, and the 
cementation process is invariably carried out above 
the upper critical point for the steel. 

Steel can’ be carburised below the austenitic change 
point, but the slow rate of the reaction results in a 
sharply-marked boundary between the carburised zone 
and the unchanged core. This is associated with the 
slow rate of solid diffusion of carbon from the surface 
to the core. The effect of temperature upon the rate 
of carburisation was very markedly brought out in 
the experiments on the carburisation of mild steel in 
an atmosphere of burnt town gas free from carbon 
dioxide. It was noted that near to the upper critical 
point—which for the steel in question is 875 deg. C._— 
there was a marked falling off in the extent of. car- 
burisation as indicated by the increase in weight. A 
similar effect was obtained when the steel was ear- 





* British Patent Application No. 5694 (1941). 
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Fig. 10. 


burised in a more strongly carburising agent, such as a 
solid carburiser or a mixture of 3. per cent. propane- 
97 per cent. charcoal-treated burnt town gas. Between 
875 deg. C. and the lower transformation point of 
725 deg. C., the steel consists of ferrite and austenite, 
the latter increasing in concentration up to 100 per 
cent. at the upper change point, i.e., 875 deg. C. At 
any temperature within this range the ferrite is saturated 
with carbon, while the austenite is of fixed carbon 
content, corresponding to that of a steel having an Ac, 





point at the temperature in question, and a state of 
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equilibrium is set up between the ferritic and the 
austenitic phases. Absorption of the carbon at the 
surface can take place only through the austenitic phase, 
which thereby becomes supersaturated with carbon 
with respect to the adjoining ferritic areas. The excess 
of carbon diffuses to the austenite-ferrite boundaries, 
where transformation takes place progressively with 
the conversion of ferrite to austenite. This rather 
complex mechanism probably accounts in some measure 
for the low rate of carburisation in the austenite-ferrite 
range as compared with that in a simple austenitic 
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structure. It does not, however, offer a ready explana- 
tion for the marked falling off in the carburisation rate 
at temperatures on either side of the critical point of 
the steel. 

Fine-grained steels do not carburise so rapidly or 
uniformly as coarse-grained steels, and it is suggested 
that the falling-off in the rate of carburisation observed 
in the above experiments near to 875 deg. C. is asso- 
ciated with the changes in the grain-size characteristics 
of the steel during the transformation from the 
austenite-ferritic complex to the wholly austenitic 
state. This view is supported by the fact that at or 
near to the Ac, point of a steel, carburisation can be 
very non-homogeneous, as shown’ in Fig. 13, on 
this page, and is comparable with the development of 
so-called abnormal structures in carburised steels of 
inherent small grain-size. 

When carburisation is carried out below the upper 
critical temperature for the steel, there is at any time 
& zone within the cemented case in which the carbon 
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content is equal to that of a steel having an Ac, point 
at the particular carburising temperature. This zone 
is fine-grained, and it is s ted that it serves as a 

ial barrier between the core and the outer zones 
of the case, slowing up the rate of carburisation and 
promoting a sharply-marked carbon gradient between 
the case and the core. In view of the above observa- 
tions, it is important that a carburisation temperature 
should be selected which is 25 deg. to 50 deg. C. above 
the Ac, point for the steel, but is below its grain- 
coarsening temperature. 

Johansson and his co-workers in Sweden have 
studied the relationship between the respective acti- 
vities of graphite and of austenite plus cementite and 
have reported that below 800 deg. C. graphite is stable 
with respect to c tite, but that above this tem- 
perature there is a reversal. Becker, on the other 
hand, has reported that within the temperature range 
650 deg. to 1,000 deg. C. the activity of cementite is 
higher than that of graphite, and hence that, over this 
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temperature range, graphite is always stable with 
respect to iron carbide. With increasing temperature, 
however, the carbon content of the saturated austenite 
solid solution, having a carbon activity equal to that 
of graphite, also progressively increases. Thus at 
750 deg. C., the carbon content of the austenite having a 
carbon activity equivalent to that of graphite is 
approximately 0-6 per cent. ; at 800 deg. C., 1 per cent. ; 
and at 900 deg. C., approximately 1-2 per cent. Thus, 
low-carbon steel heated in charcoal is carburised to a 
surface carbon content of 1 per cent. at 800 deg. C. 
and 1-2 per cent. at 900 deg. C. Bramley and Lord 
in their work on the gaseous carburisation of iron, 
have supported the conclusions of Becker with regard 
to the relationship between the respective activities 
of graphite and cementite, although the actual values 
obtained for the ratio of the respective activities at 
various temperatures are not concordant. 

The foregoing work on the gaseous cementation of 
steel in various carburising atmospheres has thrown 
some light on the relationship between the respective 
activities of solid carbon and of cementite in a saturated 
solution of austenite. In atmospheres of the non- 
carburetted type, containing simply carbon monoxide, 
hydrogen, and nitrogen, carburisation of low-carbon 
steel at temperatures above 800 deg. C. could be 
obtained readily without any surface discoloration of 
the work. In every case, however, when such atmo- 
spheres were used for carburisation below 800 deg. C., 
carburisation was accompanied by light sooting. This 
was independent of the concentration of carbon 
monoxide above its equilibrium concentration with 
respect to carbon dioxide for the reaction : 

2CO = Cre + CO,. 
It was also independent of the time of treatment. 
These results indicated that below 800 deg. C. the 
soot was stable with respect to cementite. X-ray 
examination showed that the soot was amorphous 
carbon. 

That amorphous carbon is the stable phase at 
temperatures below 800 deg. C. is further borne out 
by the fact that high-carbon steel when heated in 
charcoal at temperatures below 800 deg. C. is decar- 
burised. This is seen in Figs. 14 and 15, herewith, 
which indicate the result of heating a 0-98 per cent. 
carbon steel in this manner for 20 hours at 720 deg. C. 
(Fig. 14) and for 20 hours at 800 deg. C. (Fig. 15). At 
temperatures above 800 deg. C., however, carburisation 
of low-carbon steel in charcoal is readily obtained and 
high-carbon steel can be heated under such conditions 
without decarburisation taking place. 

No attempt has been made to determine the actual 
values of the activities of cementite and the various 
forms of solid carbon. The difference in the values 
at any temperature must be very small indeed and 
must call for great accuracy in its determination. The 
sole purpose of this brief discussion of the subject has 
been to bring out the fact that observations during the 
work on gaseous-cementation processes indicate that 
the view that below 800 deg. C. solid carbon is stable 
with respect to cementite, and that above this tem- 
perature the reverse is the case, applies only to amor- 
phous but not to graphitic carbon. 
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AERONAUTICS. 


577,950. Jet-Propelled Aircraft. Armstrong Siddeley 
Motors, Limited, of Coventry, and F. A. M. Heppner, of 
Coventry. (5 Figs.) December 31, 1941.—The aeroplane 
has a relatively short fuselage, at the trailing end of which 
is the jet-propulsion unit 11. The unit consists of a com- 








pressor, a combustion chamber and a turbine, air for the 
compressor being taken in at 15, and exhaust gases being 
ejected through the propulsion nozzle. The unit has two 
supporting streamlined buttresses 18 on the upper surface 
of the fuselage. The tailplane 21 is supported from the 
wings by parallel struts. (Accepted June 6, 1946.) 


577,186. Bomb Carrier. A. V. Roe and Company, 
Limited, of Middleton, and G. Beardshall, of Middleton. 
(3 Figs.) November 12, 1943.—The invention is a cross- 
head for a bomb-carrying frame in an aircraft. Each 
bomb-carrying frame has two crossheads, one at the 
forward end and one at the rear end of the frame. Each 
crosshead a carries two crutches, each consisting of a 
head b, which bears upon the bomb, and a screw-threaded 
stem c, ball-jointed to the head. The stems are prevented 
from rotating in their retaining washers f. Two internally- 





threaded worm wheels on the stem c are mounted in 
slots in the ends of the crosshead a, so that they can be 
revolved by the worms h. The worms hk are mounted on 
short shafts i, into the inner ends of which are secured the 
two ends of a flexible transmission shaft k. The flexible 
shaft is guided in a tube m, clipped to the crosshead. 
The outer ends of the shafts i can be turned by a key. 
By turning one or other of the short shafts, both crutches 
can be moved simultaneously to tighten a bomb upon 
the carrier or to reset them when a new bomb is to be 
placed in position. (Accepted May 8, 1946.) 


577,949. Propulsion of Aircraft. The Bristol Aero- 
plane Company, Limited, of Bristol, and F. M. Owner, of 
Bristol. (2 Figs.) December 24, 1941.—The invention 
is a combination of propeller-driving internal busti 
engine and jet-propulsion unit. Cooling air for the engine 
is vitiated as it passes through the radiator to cool the 
cooling liquid. The engine normally propels the aircraft, 
but to provide extra power when required, the jet-pro- 
pulsion unit is brought into operation. While the unit 
is operating, exhaust gases are discharged from the 
nozzle 13, while the vitiated air from the engine flows 
from the front of the nacelle 10 through the pipes 16 
between the unit 11 and the skin of the nacelle, and is 
discharged through an opening in the nacelle. While the 
exhaust gases and vitiated air flow from the opening in 
the trailing end of the nacelle, turbulence and drag are a 





This increase cools the engine and unit when the maximum 
power output is required. When the unit is not operat- 
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ing the vitiated air continues to flow from the opening 
over the jet-propulsion unit so that the unit is kept 
sufficiently warm to be started easily. (Accepted June 6, 
1946.) 


ELECTRICAL APPARATUS. 


577,928. Push-Pull Switch. J. G. Statter and Company, 
Limited, of London, and G. S. Marston, of London. (6 
Figs.) November 6, 1944.—The invention is a switch the 
casing parts and contacts of which are such that a variety 
of switches, suited for different applications, can be made 
from a few standard parts. The operating rod 1 has two 
insulating double cones and metal annuli 3, consisting 
of flat rings secured to cupped annuli enclosing toroidal 
springs. The circular base 4 has a central hole to hold 
the end of the operating rod and holes 7 for supporting 
screws. Attached to the base by a screwed ring 18 is 
a@ hollow cylinder 9 having two diametrically opposed 
recesses 14. In these recesses are held, by the screwed 
ring, the two contact strips carrying the contacts 19. 
A second cylinder 9 with a further pair of contacts is 
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secured to the first by another screwed ring. A third 
ring holds the circular cover 15 having embedded nuts 17 
to receive holding screws. The switch is arranged to 
open the circuits when the knob is pushed. The same 
set of parts can be rearranged so that the circuits are 
closed when the knob is pushed, or so that one is opened 
while the other is closed, simply by removing the screwed 
rings 18 and reversing the cylinders 9 and the annuli 3 
as required. (Accepted June 5, 1946.) 


FURNACE APPARATUS. 


577,839. Electrically-Controlled Stoker. H. Lindars, 
of Sheffield. (8 Figs.) September 1, 1943.—The inven- 
tion is an electrical mechanism controlling the operative 
period of an automatic stoker. The automatic underfed 
stoker with a helical feed device is rotated through 
gearing by a motor 4 supplied from the mains 
through two leads, one of which is interrupted by con- 
tacts 6 that are under the control of a relay 7. One of 
the supply leads to the relay includes a pair of fixed 
contacts 8. The contacts are shunted by a circuit 
including a pair of contacts 9 under the control of the 
relay and a pair of adjustable contacts 10, which are 
normally closed. A disc 11 driven by a synchronous 
electric motor has a radial projection 13 which, during 
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rotation of the disc, engages and closes the fixed con- 
tacts 8 and later engages and separates the contacts 10, 
which are carried on an adjustable arm 15. In opera- 
tion, the stoker motor 4 being at rest, the disc 11 is 
rotated by the synchronous motor so that the radial 
projection 13 closes the fixed contacts 8. The relay 7 
is thus energised and the pairs of contacts 6, 9 are closed. 





minimum, The exhaust gases produce a zone of low 





The stoker motor 4 is set into operation, and the relay 7 


the radial projection engages and separates the adjust. 
able pair of contacts 10 the circuit through thx relay jg 
broken and the relay de-energised. The contacts ¢ 
then open and the stoker motor 4 stops. The arm ig 
adjustable through 360 deg. and the period of Operation 
of the stoker motor can be infinitely varied within the 
period of rotation of the disc. (Accepted June 3, i946.) 


MISCELLANEOUS. 


577,512. Composite Metal Beam. Steel Ceilings, 
Limited, of. Hillingdon, and E. Penkala, of Hi!lingdon, 
(4 Figs.) May 24, 1944.—The invention is a composite 
metal beam for use as a flooring member in building cop. 
struction. The flanges 11 and 12 of light-gauge meta) 
corrugated sheet are spaced apart by two webs consisting 
of two metal plates 15, 16 of channel section, having 
extensions 21, 22 which fit into the dovetail corrugations 
of the flanges. The edges 22 of the outer plates 15 
extend so as to engage similar edges on adjoining beams 
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so that the beams may be secured together side by side. 
The beams are also locked together by the insertion of 
wooden filling pieces 31. Bearers 24 are secured between 
the flanges and the shoulders formed by the channej 
section webs. The ends of the diagonal stays 32 between 
the upper and lower edges of opposite webs are hooked 
over the edges of the extensions 21 of the inner plates 15 
of the webs. When the beams are arranged side-by-side, 
the upper flanges 11 form the base of a floor and the lower 
flanges 12 the ceiling of the room below. (Accepted May 
12, 1946.) 


575,436. Charger for Sugar-Curing Machine. Watson, 
Laidlaw and Company, Limited, of Glasgow,-and W. L. B. 
Ingles, of Glasgow. (8 Figs.) July 22, 1944.—By this 
device sugar to be cured can be automatically fed into the 
basket of a centrifugal sugar curing machine in prede- 
termined quantities from a conveyor at regular and pre- 
determined intervals. The conveyor, located above and 
to one side of the machine 10, is a cylindrical receptacle 
12, and secured to it and projecting radially is a conical 
vessel 15 with inlet and outlet valves of the sluice gate 
type which can be opened or closed. In the charging 
vessel 15 is a shaft 26 which projects beyond the upper 
end and extends through the receptacle 12, being driven 
by worm-gearing, in a housing secured to the receptacle 
12. The shaft has a set of stirrers 33 to maintain the 
contents of the vessel in motion and to prevent gravity 





settlement of crystals in the fluid. To regulate the 
amount of material fed into the vessel there is, at the 
upper end of the vessel, an air outlet pipe 38 which slides 
in a gland in the side of the vessel and extends upwards 
to a point above the highest level of massecuite in the 
receptacle. When the material flowing into the vessel 
reaches the lower end of the pipe it will close it and 
prevent the escape of air, thus forming an air pocket in 
the upper part of the vessel which prevents entry of 
further material. By raising the air pipe the air pocket 
is reduced and a larger quantity of material is allowed to 
enter the vessel 15. Sugar to be cured is conveyed 
through the receptacle 12 and passes into the charging 
vessel 15 where it is kept stirred. At a predetermined 
stage in the cycle of operations the inlet valve is closed 
and the outlet valve opened and the contents of the 
vessel 15 are discharged into the machine basket, after 
which the outlet valve is closed and the inlet valve 
opened in readiness for a fresh charge. ( Accepted 





February 18 1946.) 
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CONSTRUCTION OF 
UNITED STATES AIRPORT 
IN THE AZORES. 


On October 12, 1943, it was announced that 
Portugal had come to an agreement with Great 
Britain, under which the Allies would be permitted 
to establish bases in the Azores, primarily for the 
purpose of protecting the Atlantic seaway, and this 
concession proved of great value in the later stages 
of the campaign against German submarines. The 
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ranging from 1,700 ft. to 1,900 ft. high. The climate 
is temperate, with prevailing winds from the north 
and north-west ; the average yearly rainfall is 27 in. 
As there is a tradition connecting Santa Maria 
with Columbus, it was appropriate that this island 
should be chosen as the site for the United States 
aifbase, which was constructed as a result of the 
Portuguese agreement. It is claimed that Santa 
Maria was the first European country to receive 
news of the discovery of America, Columbus landing 
there in February, 1493. Work on the construction 
of the base was not started until towards the end 





Fig. 1. 








Fig. 2. Szawarp Enp or Marive Rarway, NovEMBER 20, 1944. 


Azores are situated about 1,500 miles from both 
Plymouth and St. John’s, Newfoundland, and form 
a natural half-way station for transatlantic aero- 
plane services. During the war, their use greatly 
facilitated the maintenance of protective patrols 
over the vital sea lane between the United States 
and Europe. The Azores are a group of volcanic 
islands, with a total population of some 250,000. 
The main island is San Miguel,.on which the capital, 
Ponta Delgada, is situated ; the second in import- 
ance is Terceira. At the south-east corner of the 
group, the island of Santa Maria is situated. This 
measures about 6 miles by 8 miles, and rises steeply 
from tree-lined shores to a rolling plateau on its 
western side. Near the eastern end, there are peaks 





of the year 1944, and it was completed early in 1945. 
As a result of this comparatively late date, the 
airport did not play a prominent part in the anti- 
submarine campaign and it served ey as a 
major base for the United States Transport 
Command. It was of particular value in the 
re-deployment of forces from Europe to the Pacific. 
The work of constructing the base was carried out 
by the United States Army Corps of Engineers. 
Santa Maria, which has a native population of 
about 8,000, is a purely agricultural island, the 
export of pineapples being a major activity, and 
when the United States forces landed there they 
found neither industrial buildings nor military in- 
stallations of any consequence, There was no 


af _ 


electricity supply, no running-water service, and the 
only methods of transport’ were by donkey or ox- 
cart. Practically the only mechanical equipment 
on the island was represented by windmills used for 
grinding grain. Landing facilities consisted of a 
270-ft. length of rocky open beach and a small 
masonry wharf at the town of Vila do Porto. Ship- 
to-shore unloading had to be employed from any 
vessel more than 90 ft. in length, or with a draught 
exceeding 7 ft 

A survey party of the Corps of Engineers landed 
on the island early in August, 1944. One of its 
first activities was to select a strip of approximately 
level ground, about 2,500 ft. long, and to clear it of 
rock and other obstacles in order to provide a tem- 
porary landing ground for aircraft. Surveys were 
then carried out to locate sources of materials and 
water, to select sites for camps and constructional 
plant, to investigate road and harbour facilities, and 
to determine what constructional plant would be 
required. A site for the airport was selected. This 
lay about 300 ft. above sea level and was divided up 
into. small parcels of agricultural land by. means of 
walls, built of broken rock, 3 ft. to 4 ft. in height. 
These walls were infested with the nests of typhus- 
carrying rats, which are a scourge of the island, and 
the removal of the walls, as a first stage in con- 
struction, resulted in the destruction of much of the 
rat population and facilitated the maintenance of 
health among the construction crews. Satisfactory 
sources of water were found towards the base of the 
mountains and wells were sunk. The location of a 
road from the harbour to the airfield site was also 
determined. For this preliminary work, two 5-ton- 
per-hour portable rock-crushers, an air compressor, 
some light drilling equipment, a tractor, and a small 
supply of dynamite and petrol were obtained from 
the island of Terceira, 140 miles away, on which the 
United States Army had a station. The material 
was shipped on a flat-deck oil barge. Cement for 
the early concrete work was brought from this island 
in small native craft. 

On September 14, 1944, the first ship bringing 
supplies and civilian personnel from the United 
States arrived off Vila do Porto, bringing 7,300 
tons of constructional equipment and _ supplies. 
Three barges were assembled on the deck of the 
ship and lowered into the water to serve as cargo 
lighters. Unloading was interrupted by a storm 
and the whole operation took 16 days. An aerial 
view of the landing beach is given in Fig. 1, on 
this page. This, however, has been reproduced from 
a photograph taken on June 20, 1945, and shows 
roads and buildings which did not exist at the time 
of the initial landing of constructional equipment. 
The original masonry wharf referred to earlier was 
on the left of the beach and the space in front of it 
was filled in to permit the construction of the paved 
area shown in the figure. This first supply ship 
carried pre-fabricated plywood buildings and erec- 
tion of these was put in hand at once ; a dispensary 
and first-aid station were assembled first. Work 
on the first permanent runway of the airport began 
on September 25, but initial progress was very slow 
owing to absence of slings and stevedoring equip- 
ment ; better supplies arrived early in October. 

It will facilitate a description of the features and 
construction of the airport if reference is at once 
made to the plan of the completed installation 
reproduced in Fig. 3, on page 290. This shows the 
situation of the base in reference to the landing 
beach, the petrol-storage depot lying to the west of 
the beach, the oil, water and sewage mains, and the 
connecting roads as they existed on the completion 
ofthe work. As the whole purpose of the operations 
carried out was the provision of an airport, this 
naturally forms the item of main interest in Fig. 3, 
but as it could not have been completed in anything 
approaching the short time in which it was built 
without the assistance afforded by the ancillary 
works, these may logically be dealt with before 
describing the features of the airport itself. Work 
on this was not delayed pending the completion of 
the access and other facilities, and the first per- 
manent runway construction was, as already stated, 
started on September 25, 1944. 

As the carrying out of the project depended 
entirely on the supply of equipment and some 








important materials from overseas, the steps taken 
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to improve the landing arrangements were of major 
importance. What was perhaps the most interesting 
feature of these was the construction of what was 
described as a marine railway. It was situated 
immediately to the east of the landing beach, as 
shown in Fig. 3. As already explained, the nature 


of the sea approaches made it necessary that all | 


supplies should be landed by barge. In the early 
days, these were hauled up on to the beach for 
unloading, and it was proposed that floating mooring | 
buoys should be stationed off-shore to which barges 
could be attached while waiting opportunity for 
beaching and unloading. Experience of the local 
weather conditions soon showed that this procedure 
was impracticable, the most forceful demonstration 
being given during a storm on November 17. A 
number of barges had been beached and secured 
to heavy tractors by 1}-in. steel cable. The storm 
was so violent, however, that several of the barges 
dragged their tractors some 15 ft. to 20 ft. along the 
beach, although their tracks were locked. In four 
cases the cables broke, freeing the barges, but these 
were finally recovered without loss. 

This incident emphasised the necessity for the 
marine railway on which barges could be stored 
during storms and repairs carried out under favour- 
able conditions. The railway was built to the east 
of the Vila do Porto dock area, owing to the existence 
of a deep ravine in which it could be located con- 
veniently. The arrangement consists of a heavy 
timber trestle, 304 ft. long, supported on a solid- 
rock foundation throughout its length, blasting 
being employed for the levelling of the rock floor. 
The seaward end of the trestle, as it existed on 
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page 289, Fig. 4 indicating the progress made by | which shows one of the barges, with its outboard 
November 30. Masonry guide walls, provided with | motor, passing on to the railway. The barges 
bollards, were built at the sea entrance. These can | which were 35 ft. long by 21 ft. wide, were floated 














November 20, 1944, is illustrated in Fig. 2, on 


be seen in Fig. 4 and also in Fig. 5, opposite,!on to a cradle which was hauled up the railway by 
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the winch illustrated in Fig. 6, above. Jacks were 

| provided by means of which a barge could be lifted 
free from the cradle, which could then be withdrawn. 
In this way, a maximum of six barges could be 
accommodated on the railway at a time. 

Other works necessary for the construction of 
the airport, which were gradually completed as 
construction proceeded, were concerned with the 
provision of water and the opening of a quarry for 
the supply of stone. Water was obtained initially 
from a small running stream which was used by 
the native women for laundry purposes, a portable 
water-treatment plant being installed. Later, wells 
were sunk, their position being determined by a 
general study of the topography and geology of the 
island. Time did not permit of test drilling, but 
adequate supplies were obtained from wells of an 
average depth of 275 ft. The water was soft but 
highly contaminated, and complete treatment, 
including filtration and sterilisation, was necessary. 
Alum was used for the coagulation of the raw water 
prior to filtration, the water afterwards being 
chlorinated ; a plant with a capacity of 125 gallons 
per minute was installed. As a standby against 
failure of the wells in dry weather, a reservoir was 
constructed inland from the airport as shown in 
Fig. 3, in which the location of the water mains is 
also indicated, as well as the position of the outfall 
sewer. Sewage was disposed of by means of a 
gravity-collection system, except that the opera- 
tions and passenger-terminal buildings, and the 
hospital, were served by two small sewage-lift 
stations, as gravity flow would have involved an 
excessive amount of excavation in rocky ground. 
The outfall sewer discharged over a high cliff in 
the position indicated in Fig. 3. As this was in an 
uninhabited part of the island, no sewage treatment 
was provided for. 

Stone for constructional purposes was obtained 
from a quarry opened on the edge of a cliff. Five 
percussion-type drills were used and the rock was 
won by blasting. The equipment finally installed 
consisted of two 100-ton per hour jaw-type primary 
crushers, with secondary crushers and screening 
plant. Three sizes of aggregate were produced, 
consisting of 2}-in. stone used in the base courses 
of the runways; 1}-in. to }-in. sizes used as coarse 
aggregate for asphalt and concrete ; and 3-in. and 
finer screenings. There was no local sand available, 
except limited quantities of beach sand, which the 
island officials requested should not be used, so 
that fine aggregate had to be obtained from the 
screens. Prior to the arrival of this main equip- 
ment, aggregate was produced by two portable 
5-ton per hour crushers borrowed from the United 
States base on Terceira island. Other work carried 
out was the construction of two permanent access 
roads, one connecting the airport directly to Vila do 
Porto and the other to the dock area. Disintegrated 
volcanic rock taken from borrow pits was used for 
road construction, and the material was thoroughly 
compacted by the passage of constructional traffic. 
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Final paving was deferred until the main work was 
nearly finished ; the réads are 20 ft. wide. During 
the first stages of construction, portable huts were 
set up and a temporary laundry and hospital built. 
The final installation includes the usual terminal 
buildings and hangars. This aspect of the work 
does not require detailed description. 

The layout of the airport will be clear from Fig. 3. 
The temporary runway, which was constructed at 
an early stage of the work, was situated in the 
southern part. of the permanent field. It was about 
3,000 ft. long and consisted of a 4-in. layer of dis- 
integrated voleanic rock based directly on the 
ground. It was usable only by light aeroplanes in 
dry weather. This temporary runway was -later 
extended by laying down 4,500 ft. of steel matting. 
About 2,000 ft. of this was ultimately incorporated 
in the permanent north-south runway, the matting 
being removed and permanent construction substi- 
tuted. Two aerial views of the finished airport are 
given in Figs. 7 and 8, on page 291. These were. 
both prepared from photographs taken on June 20, 
1945. Taken in conjunction with Fig. 3, they 
show clearly the general plan of the airport. The 
arrangement consists of three runways, a large 
parking and maintenance apron, and the necessary 
taxiways. The main north-south runway, No. 2 
in Fig. 3, is 8,000 ft. long and 200 ft. wide ; No. 1, 
the north-west-south-east runway, is 6,159 ft. long 
and 150 ft. wide ; and the north-east-south-west run- 
way, No. 3, is 4,682 ft. long and 150 ft. wide. The par- 
king and maintenance apron has an area of about 
460,000 sq. yards, and is able to accommodate some 
81 aircraft. The orientation of the runways, 
conforms both to the wind rose and to the most 
effective utilisation of the available site. 

The runway shoulders of the 200 ft. No. 2 runway 
are 75 ft. wide; outside these, there are graded 
areas 75 ft. wide. The developed cross-sectional 
width from ditch line to ditch line is 500 ft. The 
cuts and fills were constructed to a slope of 10 to 1 
for the early part of the work, but this was later 
changed to 5 to 1, in order to reduce graded quan- 
tities. The 150-ft. runways have 75-ft. stabilised 
shoulders and graded areas 100 ft. wide. The 
taxiways have a paved width of 50 ft., with 25 ft. 
shoulders and 55 ft. graded areas. Crown sections 
were not used except for a portion of the taxiways 
which has a crown centre line. This procedure was 
followed in order best to adapt the runways and 
taxiways to the existing terrain and reduce grading. 
The maximum longitudinal grade does not exceed 
0-65 per cent. on runways, 2 per cent. on taxiways, 
and 1-8 per cent. on the parking apron. The grades 
and sight distances were controlled to a considerable 
extent by the existing terrain. The location of the 
north-south runway was governed by the only 
satisfactory position for the radio-range station, 
which is indicated in Fig. 3. The alignment which 
had to be selected prevented compliance with the 
normal service requirement that the entire length 
of the runway should be visible from a point 10 ft. 
above it, and a compromise was agreed to estab- 
lishing a sight distance of 5,000 ft. between any two 
points 10 ft. above the runway. A clear zone, 
1,000 ft. long, was provided at the north end of 
the north-south runway ; at the south end a clear 
zone was already available, having been provided 
by the construction of the temporary runway. 
An area at the south-east end of the north-east- 
south-west runway was also smoothed and cleared, 
but in other cases it was not possible to provide 
clear zones. No obstacle, natural or artificial, high 
enough to obstruct a 40 to 1 glide angle, exists in 
the approach zone of any of the runways. 

The runways, taxiways and apron were designed 
to accommodate aeroplanes of a gross load of 
120,000 Ib., or a wheel load of 60,000 Ib. On earth 
fill, a total compacted thickness of base and pave- 
ment of 30 in. was provided ; for rock fill the figure 
was 15 in., and when the subgrade was solid rock it 
was reduced to 9 in. In all cases, a minimum of 
6 in. of crushed rock was used under paved areas. 
On runway shoulders, disintegrated rock was used 
instead of crushed stone for the upper base course. 

Graded areas adjacent to shoulders were not con- 
structed to withstand design loads. The runways 
and taxiways were paved with hot-mix asphaltic 


course and a l}-in. wearing surface. This was 
finished with sand sealed with asphalt or with hot- 
asphalt cement. In all cases, the base course was 
primed with asphalt prior to paving operations. 
On the apron, a 1}-in. layer of asphaltic concrete 
was laid on a stone base and surfaced with 1} in. 
of tar- concrete. The tar was used because of its 
resistance to petrol and oil, and the 1} in. thickness 
was determined by the amount of tar available. 
Approximately 150,000 tons of bituminous hot-mix 
were placed, produced in two stationary hot-mix 
plants each having a maximum capacity of about 
80 tons per hour. 

Rock excavation’ constituted the main work on 
the runway system. This was carried out during the 
winter of 1944-45, frequently under adverse weather 
conditions and with a shortage of spare parts for the 
constructional machinery. All grading operations 
were continued on a 24-hour basis, but cold rains 
and winds hampered progress, particularly during 
the night. Blasting was necessary for most of the 
rock excavation. The rock, of volcanic nature, 
varied greatly in character, from hard material to 
layers of clay. As a result of this, experience gained 
on one section was frequently of little value in 
planning operations on an adjacent area, and much 
secondary blasting was required. It was frequently 
necessary to excavate from 4 ft. to 5 ft. below sub- 
grade rock in order to remove mud pockets. Em- 
bankments were built mainly from excavated ma- 
terial and placed in fills under very wet conditions, 
the material frequently 1, Sonne free moisture in 
excess of saturation. In general, excavated areas 
were covered with 1 ft. or 2°ft. of wet mud; this 
was either removed to spoil dumps or placed on 
slopes outside the shoulder limits. Practically the 
entire apron area had to be stripped to an average 
depth of 2 ft. ;*the material removed was unsuit- 
able for filling and had to be transported to waste. 
It was replaced by disintegrated rock obtained 
from a borrow pit about three-quarters of a mile 
away. 

Approximately two million cubic yards of material 
were excavated in the construction of the runway 
system, an additional million cubic yards being 
utilised for constructing roads and preparing sites 
for camps and permanent buildings. Approximately 
500,000 cubic yards of material were obtained from 
borrow pits. Pneumatic wagon drills were used for 
the blasting operations and the material was loaded 
and removed by 2 cubic yard and 2} cubic yard 
power shovels and rear- and bottom-dump lorries ; 
tractor-drawn scrapers were employed in grading. 
Approximately 1,000 tons of dynamite were used, 
this figure including that used at the quarry. 

Run-off charts were not available, but it was 
assumed for design purposes that the maximum 
effective rainfall would not exceed 1} in. an hour. 
The existing terrian was very suitable for drainage, 
and owing to the general rock formation erosion 
caused no difficulty. Corrugated-metal pipes were 
used as drains for the runways and building areas ; 
they were connected to drop inlets built up of 
either plain or reinforced concrete and provided with 
either timber or steel grids. 

The petrol landing and ments 
constitute important features of the finished instal- 
lation. These are required for the normal operation 
of the airport and were not, like the marine railway, 
provided to facilitate construction. The inadequate 
landing facilities at the island have already been 
referred to, and in order to enable tankers to dis- 
charge, it was decided to prepare an off-shore 
anchorage and to lay a submarine pipe connecting 
this to an oil-storage station on the island. The 
position of the tanker anchorage is shown in the 
upper right-hand corner of Fig. 3: The site was 
selected in the light of such information as was 
available about prevailing winds, swells and the 
hydrographic conditions. It was necessary, how- 
ever, to carry out soundings and to examine the 
condition of the sea bottom in the locality. This 
latter work was carried out by United States Navy 
divers. The bottom was found to be mainly 
rocky, but there were numerous patches of coral 
and sand. Five mooring points were provided. 
These each consist of a 15,000 lb. stockless anchor 
connected to two 5,000-lb. concrete sinkers by 2}-in, 





concrete, 3 in. thick, made up of a 1}-in. binder 





cast-steel rod-link chain. The sinkers are, in turn, 


connected to a niles a 9 ft. 6 in. in dia. 
meter, to which the tanker is moored. The anchors 
are arranged at approximately equal distances on 
the circumference of a circle about 1,200 ft. in 
diameter, and the buoys lie roughly on an inner 
circle with a radius of some 400 ft. or 500 ft. from 
the centre of the mooring. A view of an anchor 
lying on a barge ready for floating out to position 
is given in Fig. 9, on page 300, and two views of one 
of the buoys are reproduced in Figs. 10 and 11, on 
the same page. The first of these shows the buoy 
being launched from a barge, and the second the 
operation of setting it in position. This mooring 

t eliminates the possibility of the fouling 
of ship’s anchors on the rocky bottom. 

Tankers through two 8-in. diameter 
steel submarine pipes some 2,000 ft. long, which 
connect to a booster pumping station located in 
the dock area. . This station can be seen in Fig. |, 
and its position, and that of the pipe line, are indi- 
cated in Fig. 3. The outer ends of the submarine 

connect to 3 ft. 6 in. diameter buoys carrying 
6-in. flexible hoses, by means of which connection 
Mis made to the tanker discharge. The entire length 
of each submarine pipe line was welded on land 
and pulled on to the beach by tractors. It was 
floated out to sea on buoys made from empty petrol 
drums. This operation is illustrated in Fig. 12, on 

300. The booster pumping station delivers 
the petrol to a bulk-storage area about 3,300 ft. 
away and at a height of 210 ft. above the station. 
The pumping plant is capable of delivering approxi- 
mately 120,000 gallons per hour, and was designed 
to unload a medium-size tanker in 24 hours. The 
bulk-storage area, which lies to the west of the port, 
covers about 140 acres. As indicated in Fig. 3, 
it contains 16 storage tanks, each of 10,000 barrels 
capacity and of either welded or bolted construction. 
At the extreme west of the storage area there is a 
second pumping plant, which supplies the operating. 
area of the airport some 12,000 ft. away. The 
lift is 150 ft. The position of the 6-in. transfer line 
is shown in Fig. 3. 





GENERATION OF ELECTRICcITy.—The official returns 
rendered to the Electricity Commissioners show that 
2,847 million kWh of electricity were generated by the 
authorised undertakings during August, 1946, compared 
with 2,474 million kWh during August, 1945, an increase 
of 373 million kWh, or 15-1 per cent. During the first 
eight months of 1946 the total electricity generated was 
26,092 million kWh compared with 24,259 million kWh 
during the corresponding period of 1945, an increase of 
1,833 million kWh, or 7-6 percent. The total quantities 
sent out were 2,680 million kWh during August, 1946 and 
24,604 kWh during the first eight months of the year. 





MINIATURE PANEL INSTRUMENTS.—A catalogue we 
have received from Messrs. Elliott Brothers (London), 
Limited, Century Works, Lewisham, London, 8.E.13, 
deals with the range of miniseture panel instruments 
which they manufacture for electrical measurements. 
The instruments include patterns with scale lengths from 
2 in. to 34 in., and each model is available either as a 
moving-coil instrument for the measurement of direct- 
current, as a moving-iron instrument for measuring 
either direct or alternating current, as a moving-coil 
thermal type instrument for high-frequency circuits or as 
a@ moving-coil rectifier type for use on alternating-currept 
circuits. Full details and dimensions are given and a 
useful feature of the catalogue is a complete index. 


ALUMINIUM RESEARCH LABORATORIES.—We have 
received a particularly well-illustrated publication 
describing the Kingston Research Laboratory of Alu- 
minium Laboratories, Limited, Montreal, a Canadian 
associated company of Aluminium Union, Limited, 
Grosvenor House, Park-lane, London, W.1. The 
laboratory is divided into eight main departments, 
designated, respectively, the industrial division, the 
mechanical-testing division, the metallography division, 
the electro-metallurgy division, the physics division, the 
chemical-metallurgy division, the analytical laboratory, 
and the documents division. The Kingston Laboratory 
was established some years ago, primarily for fundamental 
and applied research, for which it appears to be fully 
equipped, but it played a notable part during the war. 
In addition to that at Kingston, Aluminium Laboratories, 
Limited, have a similar research laboratory at Banbury. 
Oxfordshire, and @ third at Arvida, in the Province 
of Quebec. These three laboratories are now actively 
engaged on research connected with peace-time develop- 





ments of aluminium alloys. 
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THE ROYAL OBSERVATORY. 


More than usually widespread interest attaches 
to the latest annual report of the Astronomer Royal 
from the circumstance that the Royal Observatory 
is shortly to be removed from its traditional site 
at Greenwich. As announced by the Admiralty in 
April, the decision reached, after careful investi- 
gation of the meteorological and geological features 
of a number of sites, is Hurstmonceaux Castle, in 
Sussex, where the conditions for astronomical 
observation promise to be as good as are obtainable 
anywhere in England. A most important incidental 
advantage expected from the new site is a far less 
corrosive atmosphere than has existed for many 
years at Greenwich and has been responsible for 
increasingly serious deterioration in critical com- 
ponents of large pieces of apparatus, leading in 
some cases to impaired accuracy of observations. 
No plans have been made yet for the transfer, 
which obviously will entail an immense amount of 
organisation to ensure continuity of all essential 
observations, as well as the determination of cor- 
rections entailed in relating the geographical posi- 
tions of the two sites. There is, of course, no 
intention of altering the zero of longitude from that 
at present passing through Greenwich. The actual 
castle at Hurstmonceaux, which was built in 1446 
by Sir Roger de Fiennes, and to-day is probably 
the most beautiful early brick building in the 
country, will presumably house the administrative 
staff of the new Observatory. New buildings and 
domes will be necessary for the telescopes, and the 

of removal will be conditioned by the rate 
at which the building work can be carried out. 

A further weighty advantage of the Hurstmon- 
ceaux site is the area available, which will permit 
centralisation of the several different departments of 
the Observatory concerned with general astronomy, 
the time service, and the maintenance and rating of 
chronometers, which at present are carried out at 
Greenwich, Abinger, and Bradford-on-Avon, re- 
spectively. The report of the Astronomer Royal, 
which covers the period of twelve months ended 
April 30, also refers in appreciative terms to the 
time-service station at the Royal Observatory, 
Edinburgh, where a duplicate organisation ensured 
the maintenance of the national time service during 
the period when south-eastern England was subject 
to heavy air attack. After being in operation for 
five years during the war, the Edinburgh time- 
service establishment has been reduced gradually 
since the end of hostilities until last January, when 
the equipment was finally dismantled. While the 
Edinburgh time station was being used, it controlled 
the radiated G.B.R. time signals for which a very 
high standard of smoothness was achieved by the 
provision of an exclusive line between the Edinburgh 
Observatory and the Post Office Radio Station at 
Rugby. In addition, the transit observations 
obtained at Edinburgh were used, in conjunction 
with those made at Abinger, for the determination 
of clock errors. These additional time errors have 
been of great value, because the scatter of the 
astronomical observations made with the con- 
ventional type of transit instrument constitutes the 
most serious limitation to the accuracy now obtain- 
able in the time service. 

To replace the Edinburgh service, a secondary 
time-service station is being installed at Greenwich 
to provide a reserve so long as the main time station 
remains at Abinger. Eventually, the entire opera- 
tion of the time service will be concentrated at 
Hurstmonceaux, but the longitude of the new site 
relative to Greenwich must first be determined 
accurately. It is intended that the temporary 
Greenwich station shall take over the full duties of 
the time service during the transfer of equipment 
from Abinger to Hurstmonceaux. This in itself 
will be a considerable undertaking, since the installa- 
tion of new, as well as the re-arrangement of existing, 
equipment at Abinger has been in progress through- 
out the past year with the objects of ensuring 
uninterrupted operation of the time service and 
providing increased space for photographic appara- 
tus. The latter includes a continuous film developer 
to meet the needs of new technique of time-signal 

ing. The new primary equipment includes an 
installation of twelve quartz clocks, of which two 








groups, each comprising three oscillators, have been 
running already for some time from a battery supply. 
Another group, of slightly different type, employs 
crystals with soldered connections and has no 
provision for rate adjustment. The behaviour of 
these Observatory quartz oscillators is under investi- 
gation with reference to Post Office oscillators of 
similar type, maintained at the Dollis Hill Research 
Establishment. 

A suggestion of great general interest has been 
advanced to explain the fact that one of the Dollis 
Hill standard quartz clocks, which had oscillated 
steadily with a uniform frequency drift for several 
years, suddenly changed its rate of drift after a 
stoppage last autumn. The change was partly 
marked by a number of changes in other standards, 
and it is strongly suspected that, about that time, 
a change took place in the rate of rotation of the 
earth. The Astronomer Royal does not so much 
as hint at any connection between this observation 
and the explosion of the atomic bombs over Japan 
in the late summer of 1945! More cautiously, he 
remarks that the scatter of time determinations with 
small transit instruments is such that changes in 
the rate of frequency drift of quartz oscillators can 
be determined only over long periods, and only then 
provided that the change is from one steady value 
to another that is adhered to for many months. 

The ancillary time-service equipment at Abinger 
includes five phonic motors and a phonic clock, 
which has contacts every second and tenth of a 
second and is fitted with a dial and hands. It was 
operated originally by the output (at 500 cycles per 
sidereal second) from the first quartz clock installed 
at the Observatory, which incorporated a Dye-Essen 
ring crystal. Latterly, however, it has been con- 
verted to work on @ supply at 1,000 cycles per mean- 
time second, which is also the frequency of the out- 
put used for driving all the phonic motors. Two of 
these phonic motors have seconds contacts only, 
but two others are provided with 365 : 366 gearing 
to give contacts at every mean-time second and at 
every sidereal second. The gearing ratio is not 
sufficiently exact to give sidereal seconds precisely, 
but the error in gear ratio merely entails a small 
additional constant term in the rate of the sidereal 
time derived from the motor. The fifth phonic 
motor is geared in the ratio 60 : 61 for the emission 
of rhythmic signals, and additionally can be appro- 
priately adjusted in respect of phase so as to send out 
time signals exactly at the desired time. 

Although all rhythmic signals from the Royal 
Observatory are now controlled from phonic motors, 
the British Broadcasting Corporation’s six-dots 
signals, as well as the Post Office hourly time signals 
and various switching functions, are all still depen- 
dent on contacts fitted to slave clocks of the Dent 
regulator or synchronome type. The report men- 
tions some interesting alterations that are being 
made in the method of sending the six-dots signals. 
As originally designed, the Observatory clock merely 
closed a circuit at each of the six seconds of the 
signal, the battery and relay both being installed at 
Broadcasting House. Thus the monitoring meter 
at the Observatory showed no current flowing except 
for the momentary duration of the actual signal dots. 
Consequently, it was not possible to detect in 
advance any fault in the line, and occasionally a 
signal was missed. The circuit is accordingly being 


modified by the installation of double-current | star 


electronic send-relays at the time-service stations. 
These relays send a current of a few milliamperes 
continuously along the line, the direction of the 
current being reversed for the signal dots; thus a 
constant check is possible on the line conditions. 
The circuits from Abinger and Greenwich will both 
be connected to Broadcasting House, and the B.B.C. 
engineers will be able to tell at a glance whether 
these are in correct working order. 

With the existing Dent regulator control, it is not 
impossible for time signals to be transmitted at the 
wrong time. For future safeguard against this 
contingency, a new phonic motor transmitting unit 
has been designed, to control all signals and switch- 
ing. The principle is that the motor will either 
remain in synchronism with the frequency of its 
drive, in which case signals will be sent out at the 
correct times, or it will drop out of synchronism and 
stop, when the outgoing signals will be suppressed 





automatically. Two such motors at each of the 
time-service stations will each feed double-current 
electronic send-relays, the output of which will be 
taken by a pair of wires to the B.B.C. control room, 
thus providing a further safeguard against the possi- 
bility of broadcasting incorrect time signals. 

Another improvement in hand at Abinger arises 
from the fact that, during the war, the conditions 
for transmission of signals by land line between 
Edinburgh and Rugby were found to be consistently 
more stable than those between Abinger and Rugby. 
With the impending closure of the Edinburgh 
station, many sources of variation in the lag of the 
line from Abinger to Rugby were located and 
corrected, including the re-routing of the service 
on a different circuit to London. Day-to-day 
erratics have been substantially diminished by the 
introduction of pre-signal tests, made a quarter 
of an hour before the Rugby signals at 10 a.m. and 
6 p.m., but slight errors arising from short-period 
changes of lag remain to be solved with the co- 
operation of the Post Office engineers. A direct 
radio link between the two time-service stations 
would provide a more reliable means of inter- 
comparison than those at present available by line 
link and via the Rugby signals. Accordingly 
permission has been granted by the Wireless Tele- 
graphy Board for the operation of a test transmitter 
at Abinger on a frequency of 2 megacycles per second, 
with which daily communication is made with Dollis 
Hill along a near-optical path for half an hour every 
day after the 10 a.m. time signal. The results of the 
highly accurate intercomparisons thus achieved have 
proved of great value. In addition, a number of 
other establishments are regularly informed of the 
departure of the radiated frequency from its nominal 
value. The service has been so highly appreciated 
that a more elaborate and comprehensive series of 
transmissions is under consideration. The obser- 
vational and prediction work required for the control 
of time signals will serve for the control of fre- 
quency transmissions also. Much of the equipment 
necessary for controlling a standard-frequency 
service is already available, so that the responsi- 
bility for both frequency and superimposed time 
signals will conveniently devolve, as has already 
been agreed inter-departmentally, upon the Royal 
Observatory. 

The accuracy of time determinations, at present 
limited by the observational errors inherent in the 
use of transit telescopes of relatively small size, 
is expected to be substantially improved, with a 
correspondingly closer control over the performance 
of the standard oscillators, when the proposed new 
photographic zenith tube can be brought into use. 
The construction of this instrument by Messrs. 
Sir Howard Grubb, Parsons and Company is in 
progress, and for the moment interest centres chiefly 
around modifications of detail design that are 
introduced as the manufacture proceeds. Among 
recent items of this sort may be mentioned the use 
of a spring-strip constraint to obtain greater preci- 
sion in rectilinearity of the motion than was consi- 
dered possible with the use of balls to constrain the 
carriage in a horizontal plane. The spring-strip 
system is compensated with respect to uniform 
temperature variation, essential components being 
immersed in oil to ensure sufficient uniformity of 
temperature during the recordings made on any one 


A most important recent modification is a 
differential-roller mechanism which has been de- 
signed for driving the carriage because tests of 
the alternative arrangement of screw and inter- 
mediary wedge gave little hope of the required 
precision of movement being attained by that 
means. Moreover, the use of the wedge presented 
difficulties as regards the extended range of motion 
needed for adjusting the instrument in azimuth. 
The proposed differential-roller mechanism offers 
considerably greater simplicity of construction, and 
by varying the frequency of the supply to a phonic 
motor, the variation of carriage speed required to 
cover the range of declination employed will be 
made electrically instead of mechanically. A 
slave-model, incorporating the essential features 
of the new systems of constraint and drive, has beer 
constructed for trial. 





(To be continued.) 
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RAILWAYS AND THE RE-PLAN- 
NING OF LONDON.* 


By V. A. M. Rosertson, C.B.E., M.C., 
M.Inst.C.E., M.I.Mech.E. 


In dealing with the extremely difficult question of the 
railways and the replanning of London, acquaintance 
is assumed with the “County of London Plan” by 
Abercrombie and Forshaw, published in 1943; ‘‘ The 
Greater London Plan” by Abercrombie, published in 
1944 ; and “ Reconstruction in the City of London,” by 
the Improvements and Town Planning Committee of 
the City, published in the same year. These reports 
contained proposals which affect the railways to a very 
large extent, and which, if carried out, would involve 
works of great magnitude, and years of study and plan- 
ning at costs which, in these days of high prices, would be 
stupendous. These factors, however, do not mean that 
the railways should be left alone and the City planned 
round them. In fact, the replanning of any city, 
particularly London, must of necessity embrace all the 
associated problems, including transport. 


The London Planners have not hesitated to suggest 
drastic action with some of the London termini and 
In 
fact, their proposals include: the electrification of all 


the river bridges and viaducts approaches thereto. 


lines leading into London from suitable interchange 
points; the separation of main-line and suburban 
traffic ; the rebuilding of London Bridge, Waterloo and 
Fenchurch Street Stations, and improvements to 
Euston and St. Pancras as one station, and to King’s 
Cross, Paddington and Liverpool Street, and the re- 
building of some terminal stations at two levels, with 
provision of flat roofs for air landing. Other proposals 
include the construction of new deep-level lines south 
of the river, and a subur' passenger route passing 
below some of the terminal stations of the Great 
Western Railway, London Midland and Scottish, and 
London and North Eastern lines, with interchange 
facilities to their termini. 

One of the planning reports recommends the removal 

of the railway viaducts and bridges over the river serv- 
ing four Southern Railway stations, viz., Charing Cross, 
Cannon Street, Holborn Viaduct and Blackfriars. Any 
plan to remove or rebuild Charing Cross Station, either 
below or above ground, must, however, be related to an 
approved plan for the improvement of roads in the 
Strand, Trafalgar-square, Whiteha]l and Charing Cross- 
road area, and similarly must be related to the existing 
and any proposed underground railways in the imme- 
diate vicinity. The passenger traffic handled at 
Charing Cross Station during a week day in February, 
1938, was made up of 56,090 arrivals, of which 37,095 
took place between 7 a.m. and 10 a.m. and 17,034 dur- 
ing the heaviest hour. Similarly, the departures num- 
bered 58,015, of which 37,257 took place between 
4 p.m. and 8 p.m., and 15,534 during the heaviest hour. 
If the passenger traffic at Cannon Street, Holborn 
Viaduct and Blackfriars is similarly considered, then 
it is found that, during the same week day in 1938, 
1,742 trains carrying 270,000 passengers were dealt 
with in 24 hours at these four stations. If the figures 
for London Bridge Station, as well as a percentage for 
an average day during the holiday period in August are 
added, it will be obvious that the proposal to remove the 
viaducts and bridges leading to these four stations, as 
well as the stations themselves, gives rise to a railway 
problem of the greatest importance. 

Nevertheless, these removals are not objectionable, 
provided that adequate alternative arrangements are 
clearly defined. These arrangements must provide for 
the handling of passengers in excess of those carried in 
1938, and for the problem of dealing with luggage, 
mails and the other facilities afforded to the travelling 
public by the main-line railways, and which are not 
as yet provided by the London Passenger Transport 
Board. The only alternative would be to educate 
the public to travel luggage free and to refuse the 
carriage of parcels and mails, etc., on these services, 
with ible reactions on others or on street traffic. 
Such a scheme would not be welcome. Nothing should, 
therefore, be done until it can be definitely proved that 
these removals, and the consequent effect on railway 
traffic, are adequately safeguarded by additional under- 
ground railways with stations designed and built to 
take care of the anticipated future traffic needs. If 
such a guarantee cannot be given, then the London 
Plan is doomed to failure. 

Moreover, all railways within the greater London 
area should be electrified, and, if need be, the American 
practice of changing locomotives at some point outside 
the county boundary should be adopted. Where 
practicable, suburban traffic should also be divorced 
from main-line traffic, and the former placed below 
ground level in tunnels of a suitable diameter to 
accommodate main-line rolling stock. Express under- 
ground lines should be provided where this can be 


* Paper read before the British Association Conference 
on London Traffic and the London Plan, in London 





Transport Board to-day. The largest escalator tunnel 


The platforms would have to be 17 ft. wide, with many 
openings between them. The station tunnels would be 


justified on the score of p ger requi ts. The 
main-line terminal stations should be connected with 
an underground line, and the latter arranged so that 
the public can have a selection of stations to suit 
centres of business, shopping, or amusement. Where 
working permits the removal of all railway goods 
depots to carefully selected centres should be con- 
sidered, and roads should be built to these centres 
upon which only commercial and goods vehicles would 
be allowed to operate at certain times of the day and 
night. At other times, normal traffic would be allowed 
to use these roads. The normal heavily used roads 
of London should be banned to all slow-moving horse- 
drawn traffic. Underground car parks and garages 
should be provided. The traffic peaks should be 
met by staggering hours of work, hours of shopping, 
and hours of commercial vehicle movement in the 
streets. The realisation of these proposals obviously 
would take an army of skilled planners and engineers 
many years thoroughly to investigate and design, but 
solutions for the large majority of the points raised are 
possible. 

It is not, there‘ore, sufficient to indicate on a small 
seale plan of London that this stretch of railway or 
that terminal station should be abolished and that the 
railway traffic thus unprovided for should be taken 
care of by an underground link here or an express line 
there. The full engineering facts arising from existing 
traffics with peak-hour details, and the number of 
trains which are considered essential in future, must 
be known. For instance, assuming the capacity of the 
tube railways to be in the region of 30 trains per hour 
on one track, and having due regard to the special 
requirements of a main-line railway, it may be neces- 
sary to provide at least eight tube tunnels (four u 
and four down) between the Surrey Canal and London 
Bridge, and four tube tunnels (two up and two down) 
to form the circular route suggested in the plan. The 
planners also have in mind projecting certain suburban 
services (at present accommodated at Victoria Station) 
over the proposed circular route. The plan further 
provides for the electrification of all suburban lines 
north of the river and their linking with the Northern 
Area Suburban Circuit by an underground line from 
Paddington to Victoria and at Whitechapel. The 
projection of additional services over the proposed loop 
at Cannon Street from the Northern Area and at 
Charing Cross from the Battersea direction pre- 
supposes a general track lay-out so complicated that, 
without a detailed study, no accurate opinion can be 
formed as to its feasibility, either from a construction or 
operation point of view. An approximate calculation, 
however, reveals that 160 single-track miles of new 
underground tunnel would be required to replace the 
existing Southern Railway facilities via London Bridge 
to the London terminals, excepting Waterloo (main line) 
and Victoria. Added to this large-diameter tunnels at 
the stations would be essential and new rolling stock 
with sliding doors would be required, as well as high- 
speed lifts and escalators. 

As regards the replacement of Charing Cross station, 
which at present has six platforms and deals with 
700 trains in the 24 hours on an average week-day, a 
new underground station would require the same 
number of platforms, each of which must be not less 
than 650 ft. long, and, it may be assumed, will handle 
suburhan traffic only. The first question which arises | 
naturally is at what depth can the station be con- 
structed so as to pass under the river, avoid the 
existing tunnels of the Bakerloo and Northern Lines 
and the District Lines under the Embankment, and at 
the same time provide a physical interchange with the 
Underground stations at Charing Cross, Strand, and, 
if possible, Trafalgar Square. The shallowest depth 
at which such a station could be constructed is approxi- 
mately 120 ft. to platform level. This distance will 
entail longer escalators for passengers than any existing 
to-day, and high-speed lifts for parcels and other 
similar traffic. Its planning, designing and construction 
would take some years to carry out, and the cost would 
be approximately 17,000,0001. at present-day prices. 

An underground station at the depth indicated, in all 
probability, would have to be built as a series of tunnels, 
and subsequently opened out to the fullest possible 
extent, in order to give adequately wide platforms 
with the maximum number of openings for handling 
the passengers carried by heavily-laden suburban trains. 
The type of station would be similar to Gants Hill, 
built by the London Passenger Transport Board before 
the war, on the Eastern Extension of the Central Line 
or by the engineers who constructed the new Moscow 
Underground. It could be double-ended with escala- 
tors at the Strand and Embankment ends. The 
vertical rise of 120 ft. from the platforms to the street 
is 40 ft. more than the maximum rise covered by the 
longest existing escalator on the London Passenger 





in existence to-day is 56 ft. in diameter at Holborn. 
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of 30 ft. internal diameter of cast iron, and the overall 





width of the station would be about 220 ft. What exists 
to-day, however, does not necessarily mean that the 
end of progress in design has been reached. The 
planners, therefore, should satisfy themselves that 
longer and faster escalators in large-diameter tunnels 
are possible, and that it is possible to construct an 
underground station of a size and to a lay-out suitable 
for handling passengers at a rate in excess of the 
capacity of the existing Charing Cross station, with 
amenities of an improved type. 

The Reconstruction in the City of London Plan of 
1944 also contains certain drawings from which it 
appears to be considered desirable that the railway 
bridge at Blackfriars, together with Blackfriars, 
Ludgate-hill and Holborn Viaduct stations, should be 
removed. Such a proposal requires a thorough investi- 
gation of a civil-engineering character, especially as 
all the lines concerned carry very heavy mixed passenger 
and goods traffic. The work would cost at least three 
times as much as that at Charing Cross. 





A REVIEW OF SHIP PROPULSION.* 
By Str Amos L. Ayre, K.B.E., D.Sc. 


(Continued from page 271.) 


BeEFore leaving this brief review of propelling machi- 
nery, I would, especially having in mind the develop. 
ments to which we now seem to be proceeding, make 
reference to the archaic system of tonnage measure- 
}ment under which ship and machinery designers are 
|so absurdly handicapped, and shipowners penalised. 
| That in this year of grace there should be such stulti- 
| fication of design, because of the irrational sudden fal! 
| in the allowance for propelling-power space that takes 
| place when its measurement amounts to less than 13 per 
cent. of the gross tonnage, passes comprehension. 
Diesel-driven ships have had their machinery spaces 
} made unnecessarily large, just for the sake of a whim 
| in the administration of the law—not the law itself- 
j and recent progress in turbine installations has made 
| the handicap more than ever noticeable in the case 
| of vessels propelled by that type of machinery. The 
| handicap is even present in ordinary steam tramp 
vessels. 

In the search for greater efficiency in the design and 
building of ships and their propelling machinery, a 
feature of much interest has been the recent setting 
up by the industry of the British Shipbuilding Research 
Association. Research has never been absent in the 
various units of the industry and much useful work 
in the direction of research has come from such insti- 
tutions as the Institute of Marine Engineers and the 
others that cater for the industry ; in fact, no industry 
is better served in these respects, much enthusiasm for 
technical progress having been expressed through them. 
These activities are of the highest altruistic order, the 
benefit being passed on to the user industry. 

All this, however, will only achieve the fullest results 
if it is linked up with actual performance of ships at sea, 
and a most valuable part of the plan of research adopted 
by the B.S.R.A. is concerned with this. For many 
classes of ships, this link with the ship and engine 
designer has been far too weak and indefinite in the 
past. Really reliable performance data have been 
available only in rare instances. The shortcomings 
have been concerned mostly with power and fuel mea- 
surements. To improve this state of affairs, more 
dependable instruments for the measurement of power, 
etc., are urgently needed, and the introduction of some 
form of continuous recording apparatus, simultaneously 
recording all the desirable data, is undoubtedly the 
ideal we should seek. It is to be hoped that the 
consideration now being given to the subject will have 
such a conclusion. To follow the career of each ship, 
from the stage of the tank experiment, through the 
measured-mile calibrations, and the performance at 
sea under the various conditions, is bound, ultimately, 
to lead to the possession of knowledge of great value. 
Too often does it occur at present that opportunities 
are pot provided for full and proper measured-mile 
trials in the case of vessels on which much time has 
been spent at the model stage and in the design of 
their machinery; that is, surely, “ penny wise but 
pound foolish.” If those who are put in charge of 
the actual operation at sea were supplied with all the 
available design and trial trip data, they would be able 
more intelligently, and with considerably increased 
interest, to do their part in the collection of the right 
kind of service performance data, enabling the complete 
collation to be made available for that valuable form 
of study which sometimes would lead to improvement 
to the vessel in question, as well as to provide a real 
increase of knowledge, in the most practical and depend- 
able manner, for use in future designing. It would 








* Presidential address to the Institute of Marine 
Engineers, delivered in London on September 10, 1946. 
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wom, therefore, that this subject is alse one worthy of 
maclusion in any new code of training. 

The great enthusiasm by way of continuing progress, 
nd all that devotion, never greater than at this time, 
‘hich is being given to research by those whose part 
it is to design and produce, all postulates that this 
country should be able to maintain its place as a great 
maritime nation, at least as far as these particular 
matters are concerned. But competition will be 
keen, and especially is this obvious if one considers the 
possible global capacity for building ships and their 
engines is such that we are approaching a condition— 
rhaps it will emerge in a year or two—when the world 

yill have the means of ucing many times the 

quantity of to that will bein demand. In making 
this statement, I have made allowance for the removal 
of a very large amount of the enormous additional 
mass-production shipbuilding and marine engineering 
capacity which was devel in the United States 
during the war. What the effect will be on us in the 

United Kingdom it is not yet possible to define, but 
if it means that we are to endure such conditions as 
were experienced during so many of’ the inter-war 
years, it will again be & poor form of recom for 
the vital contribution which the shipbuilding and 
marine-engineering industries of this country made 
towards the defence and liberation of Europe. 

A great danger of our present position is that, in 
spite of the amount of tonnage which the United 
States may decide to lay up, the world may find itself 
with an excess Of tonnage for the amount of sea trans- 
port required, before our own merchant fleet has been 
restored. Those who take the defeatist view that we 
might have to do with less than the U.K. pre-war 
amount of 18 million gross tons, do not realise the 
important national interest, even for commercial 
reasons as well as defence, of looking upon that amount 
as being an absolute minimum for a healthy economic 
condition of this country. The subject is also bound 
up with the need to earn freights to assist our trade 
balance, a need which, in the whole of our history, was 
never greater. It should be the aim of all concerned 
to look upon the 18 million tons as the absolute mini- 
mum. It could be easily argued that, in the new 
condition in which we find ourselves, the economic 
health of this nation will be so much the better if the 
aim is for a larger fleet, and steps taken to maintain 
it in service. The subject, from all points of view, is 
of such vital national concern, that the whole nation 
should be made conscious of its importance. In this 
regard, one cannot but admire the action taken in that 
direction in the United States, where yearly, on May 22, 
in most of the great cities and ports, it is customary 
to celebrate ‘‘ Maritime Day.” 

The cost of building and operating British ships, 
however, is an item of great importance to us in a world 
in which competition may soon, for both industries, 
become very keen, the prizes going to the efficient. 
Shipbuilding and marine engineering are assembling 
industries. From beginning to “end, many other 
industries, collectively, have a majority influence on 
ship costs. There is, in fact, a complete cycle of 
influence, as this begins in the operating costs of ships 
themselves in the course of the importation of the 
necessary raw materials. Greater economy effected 
throughout the cycle will result in the ultimate keenest 
cost, which will be the measure of national efficiency. 
All concerned for their livelihood in each of the indus- 
tries concerned must play their part, including the 
operatives, who must appreciate that, however much 
at first sight a reduction of man-hours may conflict 
with the desired condition of full employment, such a 
reduction, by the attainment of cost efficiency, can be 
the only means of ultimately producing the condition 
of maximum employment. 

There is no doubt that we shall, at some moment, 
approach difficult years, but if every industry applies 
itself to a reduction in its operation or production costs, 
which also means that everyone con will give of 
his best—which, in some instances, means working 
harder—we shall be able to pull through. We cannot 
live on this island by taking in each other’s washing ; 
we must export if we are to live, but the importer 
at the other end will only pay our price if it is not 
only reasonable but compares favourably with the 
competing prices of other countries. After the 
1914-18 war, the costs of our exporting industries were 
largely governed by production cost levels that were 
created by the ‘ sheltered ” industries. The fact that 
we could not sell our goods with costs related to such 
levels was a principal cause of the years of unemploy- 
ment that followed. While public memory is usually 
short, such facts are far too vital to our future well- 
being to ignore them at this very impertant stage. The 
trend towards higher and higher monetary wages is 
not leading to any real improvement in the standard 
of living; each trade and fession is raising prices 
against all the others. fukn inflationary tendency 
not only affects the cost of our exports but will, in the 


NOTES FROM NORTH AMERICA. 


Tue Corps of Engineers of the United States Army 
have started to construct, on the Missouri River, for 
flood control, irrigation, navigation and power develop- 
ment, what will be the largest earth-fill dam in the 
world. The Garrison Dam, as it is to be-called, will 
be located 75 miles north-west of Bismarck, North 
Dakota, Its estimated 75,000,000 cubic yards of em- 
bankment is more than four times that of Denison 
Dam, on the Red River boundary line between Texas 
and Oklahoma, which is the world’s largest earth-fill 
dam constructed hitherto. The Garrison Dam will 
have a crest length of 12,000 ft. and a base width 
exceeding half a mile, exclusive of a 1,250-ft. impervious 
upstream blanket, It will be 210 ft. high, exceeding 
the height of Denison Dam by 45 ft. At normal pool 
elevation, some 23,000,000 acre-ft. of water will be 
impounded, inundating 390,000 acres of land and creat- 
ing a reservoir, ing 200 river-miles upstream, 
which will impound the volume of water in the 
world behind an earth-fill y comparison, Fort 
Peck Dam, in Montana, which is a 250-ft. high hydrau- 
lic-fill dam, has a maximum reservoir capacity of 
19,400,000 acre-ft., a two-mile crest, and inundates 
245,000 acres of land. The entire 75,000,000 cubic 
yards to be placed in the dam will be excavated from 
the spillway and outlet channels. The outlet and 
spillway structures for the dam will require 2,000,000 
cubic yards of concrete, a volume that is exceeded only 
by four other American all-concrete dams, namely, 
Grand Coulee, Shasta, Boulder and Fontana. Two- 
thirds of the concrete used will go into the outlet 
works and power house, the remainder being required 
for the 1,000-ft. wide chute-type spillway and a 3,000-ft. 
length of paved spillway channel leading to a stilling 
basin. The spillway will have a capacity of 750,000 
cub. ft. per second, compared with the record flood at 
the site of the dam, of 268,000 cub. ft. per second, in 
1881. 

Seeking to extend the range of ultra short-wave 
radio, radar and television to 2,000 miles, scientists of 
the United States Navy Electronics Laboratory, of San 
Diego, California, are studying the effect of weather 
changes on high-frequency radio transmissions in 
experiments being conducted at an abandoned Army 
air base in the desert at Gila Bend, Arizona. The 
possible application of high-frequency radio trans- 
missions to the science of weather forecasting is being 
studied also as a corollary to the main experiments. 
Scientists have long questioned whether temperature, 
air pressure and humidity conditions in the lower 
atmosphere cause the wide variations in the range of 
ultra short-wave radio and radar transmissions, which 
have been received, at times, from hundreds and even 
thousands of miles away, while on other occasions they 
have travelled only a few miles. Different frequencies 
are known to operate best under certain weather con- 
ditions, and by determining the right frequency for each 
particular weather condition, it is hoped greatly to 
extend the present range of such transmissions, which 
have been generally limited to the optical horizon, or at 
best to 150 miles. The Gila Bend project, sponsored 
by the Bureau of Ships of the United States Navy 
Department at a cost of 500,000 dols., was organised 
in the early months of 1945 by the Navy Electronics 
Laboratory under Captain P. W. Hord, U.S.N., the 
Director. The group of scientists is headed by Dr. 
John B. Smyth. During their experiments, it was 
found that slight changes in weather show up clearly 
in alterations of the field strength of transmissions. At 
Gila Bend, the Navy has constructed three 200-ft. 
towers about 25 miles apart, at Datelan, Sentinel and 
Gila Bend. The Gila Bend tower houses the trans- 
mitters in an elevator which can be raised and lowered 
to vary the height of transmissions, while the towers at 
Datelan and Sentinel contain the receivers. In addi- 
tion, each tower has a complete set of weather instru- 
ments. The transmissions are made at frequencies 
ranging from 170 to 24,000 megacycles per second, and, 
along the course, weather instruments measure the tem- 
perature and humidity gradients at the time of trans- 
mission. To measure weather gradients above the 
height of the towers, two stationary “‘ kytoons ” (kite 
balloons), fitted with weather instruments, are used. A 
large Navy aircraft, also equipped with transmitter and 
weather instruments, is also used for elevations above 
the 200-ft. limit of the towers. For conducting similar 
experiments over water, two towers, one each at Point 
Loma and San Pedro, California, have been built. The 
findings may prove useful in detecting in advance the 
atmospheric conditions which give rise to the stratus 
cloud formations that form the low fogs prevalent off 
the Pacific coast of the United States. In addition, the 
weather data are being used in chemical-warfare experi- 
ments being conducted at the desert site, to determine 
the effect of weather changes on the range and per- 
sistency of smoke screens and poison gases. Believed 
to be the only project of its kind and size in the world 
to-day, the Gila Bend experiments have attracted con- 


British, Canadian and Australian scientific. missions 


have visited the Arizona location and the facilities being 
used by the Universities of California and Texas for 
research in related fields. 


For exports of iron and steel from the United States, 
1945 was the peak war-time year, 7,911,711 net tons 
being shipped to foreign users. These figures include 
lend-lease tonnages and, in some cases, steel that was 
sent overseas for the use of American military forces. 
Last year was also the second highest export year in 
the industry’s history, s only by the record 
shipment, in 1940, of 8,752,712 tons. In the five-year 
period, 1941-45, the total exports amounted to 
35,800,000 net tons, only slightly less than the total 
tonnage of steel used in the United States during the 
same period to build ships. During the war years, con- 
siderable to’ of steel went to nations that, in 
peace time, had bought only negligible amounts from 
the United States; for example, shipments to Arabia 
increased from 189 tons in 1941 to over 40,000 tons in 
1944, and Ceylon’s imports, in the same period, jumped 
from 1,800 to 25,000 tons. British India imported 
9,300 tons in 1936, and 368,000 tons in 1944. Portugal, 
never a heavy buyer of United States steel before 
the war, received 36,000 tons in 1944. Iran imported 
100,000 tons in 1942. Throughout the five years pre- 
ceding 1937, the annual American export trade in iron 
and steel, exclusive of scrap, was consistently below 
1,000,000 tons, but in 1937, largely because of greatly 
increased purchases in Asia, coupled with a great in- 
crease in sales to the United Kingdom, the American 
export business exceeded that total for the first time in 
six years. The details, by countries, of last year’s 
export figures are not available, but the figures for 1944 
reveal the great changes that took place during the 
war years among the importers of iron and steel from 
the United States. In 1936, the five leading importers 
of iron and steel from the United States were, in order 
of importance, Canada, Mexico, Brazil, the Philippine 
Islands, and Russia. In that year, the United Kingdom 
stood 19th on the list, purchasing only 1-3 per cent. of 
the total according to the United States Department of 
Commerce ; but, in 1940, the United Kingdom replaced 
Canada as the best customer and held that position 
through 1944. In 1940, the United Kingdom imported 
4,000,000 net tons from the United States—about 44 per 
cent. of the exports in that year—and, in 1944, took 
24 per cent. of all the United States exports of iron and 
steel. Canada followed with 15-4 per cent., with 
Russia a close third at 14-6 per cent. The next two 
leading importers were, in order, British India and 
Brazil. Russia, from 1936 to 1944, increased her 
purchases from 72,000 net tons to almost 900,000 
tons, but the trend was temporarily broken in 1941, 
when Russia imported only 19,000 tons. Of the 
countries in Asia, which took 21 per cent. of the exports 
in 1936, none appears on the list for 1944, with the 
exception of China, Iran and British India; in 1936, 
the latter two imported only a negligible amount. 
Before the war, South Africa was America’s largest 
customer in Africa. Egypt became America’s largest 
African consumer in 1942, with a record purchase of 
415,000 tons, and held that lead through 1944. South 
America nearly quadrupled its purchases from the 
United States in the years from 1936 to 1944, rising 
from 257,000 tons to a total of 950,000 in the latter year. 
Next winter, the air lines of the United States will 
begin to use the United States Civil Aeronautics Ad- 
ministration instrument-landing system to facilitate 
the approach and landing of aircraft under adverse 
weather conditions. This system, introduced in 1941 
and employed extensively by the American military 
services during the war, is now being installed at 50 
civil airports in the United States, and the scheduled 
American air lines are now fitting their aircraft with 
suitable receiving instruments for the new equipment. 
They expect to have their entire fleet so equipped 
before the end of 1946. The Civil Aeronautics Adminis- 
tration is now obtaining delivery of the localiser, and 
the glide-path and marker transmitters, for the landing 
system, and is installing them at key airports; 105 are 
scheduled to be in operation by next winter. Vice- 
Admiral Emory 8. Land, president of the Air Transport 
Association, has declared that “‘ Weather interruptions 
to service have been costing United States air lines 
more than 25,000,000 dols. a year”; and Mr. T. P. 
Wright, of the Civil Aeronautics Administration, has 
said that ‘‘ Soon after initial adoption, or even possibly 
at the outset, we expect to see perfected a method of 
connecting the automatic ‘pilot to the instrument- 
landing receiver, so that its signals will be followed 
mechanically. Such a development is now in an 
advanced stage at a station at Fndianapolis, Indiana.” 
He added that “The Indiana station is also testing 
several war-developed radar devices, including ground- 
controlled approach equipment, to determine its suita- 
bility for civil use. In co-operation with the manufac- 
turer, several improvements have been made, notably 
regarding the possibility of operation with a one-man 








end, bring about unemployment, and also reduce the 
purchasing value of savings made in earlier years. 
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TYRE-PRESSURE CONTROL GEAR. 


THE apparatus illustrated in Figs. 1 to 8, on this and 
the opposite pages, provides, as far as we are aware 
for the first time, means for varying the air pressure 
in the tyres of a vehicle while it is in motion. It has 
been developed at the Basingstoke works of Messrs. 
John J. Thornycroft and Company, Limited, Smith- 
square, London, S.W.1. The need for such pressure 
variation arose, like some other innovations, from the 
requirements of the war. The vehicle concerned is the 
amphibious craft known as “Terrapin II,” built by 
Messrs. Thornycroft, and required to serve both as a 
self-propelled barge at sea and as a road vehicle on 
landing. The variation of the tyre pressure was re- 
quired to suit the different conditions encountered when 
climbing out of the sea up a sand or shingle beach, or 
traversing a normal hard road. The land performance 
was found to be greatly improved by the adoption of 
the tyre-pressure control system, a low pressure being 
used for traversing soft ground and a higher one for 
hard ground. With the gear described below, the driver 
has complete control over the tyre pressure, through a 
wide range, while the vehicle is running. 

A general view of the Terrapin IT on land is given in 

Fig. 1, but, before describing it and the tyre-pressure 
control system in detail, some notes on the earlier 
history of the vehicle may be of interest. Since Messrs. 
Thornycroft have had long experience in the construc- 
tion of land vehicles at Basingstoke, and of marine craft 
at Southampton and elsewhere, it was logical that the 
Ministry of Supply should pays them in 1942 
when military requirements called for an amphibious 
craft. The vehicle was originally required to be 
capable of carrying a load of 5 tons, to make its way 
ashore under its own power, climb out of the sea on 
to a sand or shingle beach, and proceed inland across 
rough country, and then, its load deposited, return to 
the parent vessel for further loading. It was considered 
at the outset that an eight-wheeled vehicle with a drive 
on all the wheels from two V-8 petrol engines, and 
fitted with large low-pressure tyres, would give the 
best results, particularly since the cross-country 
performance would have to be equal to, or better than, 
any other vehicle developed up to that time. The 
design of this, the first British-built amphibious vehicle, 
was commenced in December, 1942, and the protot 
underwent its preliminary trials approximately 12 wee 
later, an achievement of which Messrs. Thornycroft 
may well be proud. In March, 1943, sea tests were 
carried out successfully. These included driving down 
a shingly slope having a gradient of approximately 
1 in 6, sometimes across a sandy shore, entering the 
surf and driving through the sea at, about 6 m.p.h., 
with complete control and stability. Landing could 
be made over shingle or sand of such a nature that no 
other wheeled vehicle could, at that time, negotiate it. 
At this point the vehicle was ready for production, 
but as Messrs. Thornycroft were fully occupied with 
other productive work, the manufacture was entrusted 
to Messrs. Morris Commercial Cars, Limited, Birming- 
ham. The Terrapin I, as the vehicle was termed, 
did valuable work on the Normandy beaches, in 
Holland, and in the Rhine basin during the European 
campaign, its utility being such that, early in 1944, 
Messrs. Thornycroft were asked to: produce a larger 
version, this being an unarmoured sea-going load 
carrier, to be used for unloading ships lying up to two 
miles off shore and transporting these loads to dumps 
several miles inland. is vehicle, the Terrapin II, 
is that now to be described ; it was both designed and 
manufactured by Messrs. Thornycroft. 

The main characteristics of the Terrapin I, as can be 
inferred from Fig. 1, are those of a flat-bottomed barge 
with a watertight hull and eight wheels for land use. 
The length is approximately 30 ft. 8 in. and the width 
about 8 ft. 10 in. The weight, when fully loaded 
and in running order, is approximately 16 tons. The 
cargo 8 is 310 cub. ft. in a single compartment, 
and loads of up to 6 tons can be readily handled. 
When fully loaded, the speed at sea is approximately 
74 m.p.h., and, under the same conditions, is about 
20 m.p.h. on land. All eight wheels, which are carried 
on stub axles,.are driven, but, when travelling on a 
hard surface on land, the weight is taken by the four 
middle wheels only. This will be obvious from Fig. 1, 
in which it will be seen that the two front wheels to 
the left are not in contact with the ground, while it will 
be equally obvious that the axles are not all in the same 
horizontal plane. The two front wheels and the two 
rear wheels, however, come into contact with the 
ground when the vehicle is travelling over yielding 
material such as wet sand or mud or when it is climbing 
up the beach out of the sea. Gradients of 1 in 3 of 
this nature can be surmounted, and the vehicle can 
climb up a ramp into the transporting craft in the 
open sea, fully loaded and either backwards or forwards, 
and, conversely, can re-enter the water in either direc- 
tion. Tests have shown that over pebbly beaches its 
performance proved superior to any known vehicle 
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for negotiating difficult surfaces is provided by using 
t of large section with the variable pressure control, 
the driving wheels being suitably geared down from 
the engines to give a high tractive effort with low 
pressures in the tyres. It should be made clear at this 
point that only the four centre wheels have the tyre- 
pressure control gear, the pressure being variable 
between 20 Ib. and 40 lb. per square inch from the 
driver’s cabin during motion. Since, under most con- 
ditions, the four centre wheels provide the major part 
of the tractive effort, it would result in needless com- 
plication to provide pressure control on the other four 
wheels. 

Power is supplied by two V-8 petrol engines, each 
developing 85 brake horse-power. There is a clutch 
and a three-speed gearbox in connection with each 
engine mounted well forward in the hull, the drive being 
transmitted through coupling shafts to their respective 
auxiliary and transfer gearboxes situated midway in 
the transmission line. The gearboxes distribute the 
drive from each engine to its own set of road wheels 
and provide an auxiliary low ratio when the vehicle i8 
travelling through sand or mud or when climbing steep 
gradients. They also provide a drive from each unit 
to its propeller for marine service and, moreover, 
each actuates a bilge pump when on that service. The 
engines differed from those installed in Terrapin I in 
being fitted with cooling arrangements in order to 
enable them to be operated at continuous full power 
under tropical conditions. A driver’s cabin having 
adequate —— is provided, all the controls being 
operated from the cabin. Among the auxiliary appli- 
ances is a power winch for general recovery and break- 
down purposes; the maximum pull available is 





12,500 lb. There is provision for fitting a special 
“ A ”.frame so that the vehicle can be used as a mobile 
crane with a maximumlifting capacity of 3tons. There 
is also provision for installing a 17-pounder gup. The 
air compressor for the tyre supply is, of course, addi- 





with either crawler tracks or wheels. This capacity 


tional to the auxiliaries in Terrapin I. The chief require- 
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ments of the tyre-pressure control gear were that the 
mechanism must be designed to operate rapidly, must 
be simple and not likely to get out of order, and that all 
external pipes and fittings likely to foul obstacles 
were to be avoided. Moreover, since the driver of 
this type of vehicle is invariably well occupied with 
his normal duties, the control of tyre pressure had to 
be designed to add as little as possible to those duties. 
It was with these ends in view that the control system 
shown in Figs. 2 to 8 was developed. 

The atrangement of the parts of the tyre-pressure 
control apparatus can be best understood by reference 
to the lay-out diagram Fig. 2. This lay-out is dia- 
grammatic only ; the lines indicate the pipes irrespec- 
tive of diameter, and the units, though shown in their 
approximate relative positions, are not to scale. The 
incoming air, after passing through a‘suction filter a, 
is compressed in the compressor b and discharged 
through the pipe c. This pipe is connected to an un- 
loading valve d from which a short pipe leads through 
the governor e to the air reservoir f, in which the pressure 
is prevented from exceeding 100 Ib. per square inch by 
the combined action of the governor, unloader and 
safety valve g on the reservoir outlet. A cross-connec- 
tion from the outlet to the unloading valve has a check 
valveh. The air fom the reservoir is led by the pipe i to 
the control valve j near the driver’s seat. From the control 
valve, two pipes k and / lead aft to the tyres. The pipe k 
supplies pressure air to pistons actuating separate 
control valves for each wheel, these piston and valve 
assemblies being indicated at m. The pipe / supplies 
air pressure to the tyres themselves, the amount of air 
being regulated by movement of the piston-operated 
control valve. The main control valve j has a connec- 
tion to a pressure gauge n, while there is another gauge 0, 
which indicates the pressure in the gael outa 
pipe +. The detail indicated at p is an air-operated 
whistle, the supply being taken from the pipe i. 

The main control valve j is operated by a single 
lever which has five positions, as indicated in Fig. 2. 
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The vertical position marked “ Off,” is the neutral 
position ; that is, the airis retained in the tyres without 
change of pressure when the lever is in this position. 
Should the driver wish to increase the pressure in the 
tyres as he leaves a soft surface for a harder one, he 
moves the lever over to the left to the position marked 
“Inflate.” This movement admits ure air to the 
pipe k, the control valve m is eal the pressure 
air in the pipe / is delivered to the tyres. Although the 
hardness of the tyres can probably be judged from 
the running of the vehicle, the driver is not dependent 
solely on his judgment, since he has only to move the 
main control lever a little farther to the left, into the 
position marked “* Pressure test,” to obtain a correct 
Treading on the gauge n. Movement of the lever to 
the “off” position when satisfactory hardness has 
been obtained, maintains the tyre pressure constant 
by cutting off further supplies. Conversely, when the 
driver desires to reduce the tyre pressure to obtain 
appropriate tractive effort on soft ground, he moves 
the main control lever to the ‘‘ Deflate”’ position or 
the right. This movement is followed by admission of 
pressure air to the pipe & and the control valve m is 
again actuated. A different condition, however, is 
set up in pipe /, pressure air being no longer admitted 
to it, but communication with the atmosphere, through 
the control valve, being established: In this way, 
the tyre pressure may be lowered as required and the 

tdness again checked by movement of the control 
lever to the right into the deflating ‘“ Pressure test ” 
position. The pressure in the reservoir f and the 
supply pipe to the main control valve is, of course, 
always indicated on the gauge o. Under normal 
Operating conditions it has been found generally more 
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convenient to keep the air compressor running con- 
tinuously, but a lever near the driver’s seat enables 
it to be disengaged if desired. 

Disregarding for the moment the construction of the 
main control valve, reference should be made to Fig. 3, 
which is a cross-section of the worm drive and casing, 
the axle, and the wheel hub and rim. There is a 
separate axle for each wheel, and it will be evident 
that communication with the tyre-tube valve is 
through a central hole through the axle and a pipe 
from the hub to the rim. A special form of tube 
valve, suitable for the variable pressure involved, 
is fitted, and the connection provides means for 
enabling individual t; to be inflated or deflated 
by, say, foot pumps should the necessity arise, or the 
pressures to be checked independently of the control 
system. The pipe from the hub to the rim has not 
proved vulnerable in any way. The piston-controlled 
axle valve assembly, indicated generally at m in 
Fig. 2, is shown in Fig. 3 to consist of a spring-loaded 
valve a and a spring-loaded piston b. The valve a 
is obviously held closed by the pressure in the tyre, 
the spring being an additional precaution to ensure 
positive sealing ; in order to admit air to the tyre or 
to release it, this valve has, therefore, to be moved 
off its seat. This is effected by the forward movement 
of the piston 6b, which is spring-loaded to give the 
return stroke when the pressure supply is cut off. 
Pressure air is admitted behind the piston at the 
opening c, to which point the pipe k of Fig. 2 is con- 
nected, the pipe l of Fig. 2 being connected to the 
opening d of Fig. 3. As drawn in this illustration, 
the piston is retracted and valve a is closed; but 


\assume now that the tyre has to be pumped up 





harder. Movement of the main control lever to the 
“Inflate ” position is immediately followed by admis- 
sion of pressure air at both c and d, the supply through 
the former moving the piston to the right and opening 
valve a, while the supply through the latter enters the 
tyre. The spindle of valve a is of triangular cross- 
section in order to act as a guide and provide a passage 
for the air. The ram of the piston and the neck of 
the valve seating are both sealed with a synthetic 
rubber ring of the hydraulic-leather type, these rings 
being subject to air pressure when the valve is open 
and at no other time. It is scarcely necessary to point 
out that in the “ Deflate”” position of the main con- 
trol lever the movement of opening of valve a is 
exactly the same as before, but the air flow through the 
opening d is reversed, this reversal being effected by 
movements in the main control valve. 

The construction of the main control valve is shown 
by the two longitudinal cross-sections, in planes at 
right angles, given in Figs.4 and 5. The spindle of the 
control lever is formed in the interior of the valve with 
two integral cams a and 6, in between which are three 
grooves disposed circumferentially round the shaft so 
as to form stops for the three alternative positions of the 
lever as it is rotated, the locking in the required position 
being effected automatically by the spring-loaded 
plunger c. The spacing of the grooves on the circum- 
ference is determined in relation to the contours of the 
cams, the function of each of which is to lift from their 
seats, at different rotational positions, spring-loaded 
rubber-faced valves. It is these valves which control 
the flow of air to and from the control piston and, 
therefore, to and from the tyres. The control valve 
body has four union connections, one of which, that 
for the pressure gauge, is indicated in Fig. 5 by chain- 
dotted lines ; the other three are as follows. Union d 
is connected with the axle control valves by the pipe k 
of Fig. 2, leading to the opening c of Fig. 3. Union e 
is for the pressure supply from the reservoir, to which 
it is connected by the pipe i of Fig. 2, and union f 
is for the supply to the tyres; it is connected by 
pipe / of Fig. 2 to the opening d of Fig. 3. From what 
has been said already, as to the operation of the mechan- 
ism, it will be clear that the function of the main control 
valve is to put union e into connection with unions d 
and f, and also to connect both pipe k and pipe / to the 
atmosphere, in the first case to relieve the pressure on 
the piston and so allow the axle control valve to close, 
and in the second case to deflate the tyre to the desired 
extent. The various connections inside the main con- 
trol valve are, of course, made in sequence. 

The cam-operated valves in Fig. 5 should now be 
considered. The lower pair g and h, operated by cam a, 
are concerned only with the control of the air to and 
from the control piston b of Fig. 3. The upper pair 
i and j, operated by cam }, control the air supply for the 
inflation and deflation of the tyres. The opening & on 
the left in Fig. 5, is the outlet to the atmosphere. It 
should be noted that all four valves open against 
pressure, the pressure-containing chamber being that 
of the cage holding down the seats and surrounding 
the springs. Fig. 5, it should be explained, has been 
simplified by the omission of several of the connecting 
parts, but should not prove difficult to understand 
when examined in connection with Figs. 6, 7 and 8. 
These views, however, are diagrammatic only and the 
cam gear is not shown in them. The various valves 
and openings are identified by the same reference 
letters are are used in Figs. 4 and 5. The position of the 
control valves when the lever is moved to the “ Inflate ” 
position is shown in Fig. 6. Valves g and ¢ are open to 
admit air from the reservoir, through the port e to the 

iston of the axle valve port d, so that this valve is 
Pold open for the admission of air to the tyre, which 
takes place in the control valve through valve i and 
port f; both valves h and j are closed. In the neutral 
position of the control lever both these valves are 
open. There is thus no possibility of a pressure 
building up behind the piston and so forcing open the 
axle valve. 

The position when the control-valve lever is moved 
to “ Deflate,” is shown in Vig. 8. Valve g is open to 
provide pressure on the piston to open the axle valve. 
The air from the tyre then escapes to the atmosphere 
through port f, valve j and port k. In all three views, 
Figs. 6, 7 and 8, an outlet port J is seen. This is the 
port giving admission to the pressure gauge when the 
control valve lever is moved to either of the “ Pressure 
Test” positions. When a reading of the pressure in 
the tyre is required, one of the cams opens valve g, 
admitting air behind the piston to open the axle valve. 
There is then a passage between port f, through port J. 
The pressure gauge shows a reading as long as the 
driver holds the control lever in the required position, 
the lever being returned to the neutral position, by 
means of a spring, when it is released. It may be 
pointed out that, in Fig. 5, both the exhaust valves 
h and j are shown open. This is merely a convention ; 
actually both valves cannot be open at the same time 
us there would then be no pressure behind the piston 





to hold the axle valve open and there could, in conse- 
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quence, be no flow of air from the tyre, the function 
of valve j, when in the open position, being solely te 
allow the air in the tyre to escape. It will be realised 
that to show all the ports in Figs. 4 and 5, in their 
actual positions, would have necessitated a large 
number of cross-sections, which would have been 
tedious to examine. The diagrammatic sketches, 
Figs. 6 to 8, have been included, therefore, to enable 
the ingenious construction and operation of the control 
valve to be understood. 
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Buenos Aires; Geoffrey Farrer Kennedy, M.A. 
(Cantab.), London; John George Milton, London; 
Arthur Frederick John Possnett, Bristol; George 
Archibald Robertson, Preston ; John Ramsay Robert- 
son, B.Sc. (Glas.), London ; Ronald Sykes, D.F.C., B.Se. 
(B’ham.), Birmingham. 

Associate Member.—James Donald Addison, Rawal- 
pindi, Punjab, India ; Leonard Charles George Alford, 
Lincoln ; Wilfred Bailey, B.Sc. (Durham), Glasgow ; 
Reginald James Bann, B.Sc. Tech. (Manch.), Tonbridge, 
Kent; Alfred Benedict Barnacle, Stafford; Francis 
William Lang Blaikie, B.A. (Cantab.), London, E.C.4; 
Frederick Henry Bothamley, Luton, Beds. ; Charles 
Bridgwood, Trinidad, B.W.I.; Oliver Ivor Butler, 
M.Se. (Wales), Liverpool; Harold Arthur Cherry, 
Birmingham ; Lt.-Comdr. (E.) Donald Tillett Collum- 
bell, R.N., Bath; James Murray Stewart Crawford, 
Stevenston, Ayrshire; Hugh Billett Egerton, B.A. 
(Cantab.), Reading ; Lionel Raymond Evans, Sheffield ; 
Lt.-Comdr. (E.) Ronald Thomas Farnsworth, R.A.N., 
London, W.C.2; Frederick Fowler, Trafford Park, 
Manchester ; Harold Walter Franklin, M.A. (Cantab.), 
London, E.C.1; Joseph Louis Gichard, Wellington, 
N.Z. ; Esmond Goodman, M.Sc. (B’ham.), Birmingham ; 
Fred Needham Green, B.Sc. (Eng.), (Lond.), Brighton ; 
John Edwin Pettitt Herriot, Barnoldswick, Colne, 
Lancs. ; Stanley Leonard Higgins, London, S.W.5; 
William Stanley Hindson, B.Sc. (Eng.) (Lond.), Middles- 
brough ; Frank Hoyle, B.Sc. (Eng.) (Lond.), London, 
8.W.1 ; Sidney Albert Hunwicks, B.Sc. (Eng.) (Lond.), 
Farnborough, Hants.; Richard Johnson, B.Eng. 
(Sheffield), Wolverhampton ; Sydney Kay, King’s Lynn, 
Norfolk ; George Leslie Keen, Hayes, Middx. ; Jonas 
Arthur Collins Kingston, Reading; Henry John de 
VYOrty Knight-Revel, Birkenhead; David Lambie, 
Irvine, Ayrshire; John Hugh Longstaffe, Glasgow ; 
Henry Lowe, Oldham, Lancs.; James Markland, 
London, S.W.1; Arthur Harold Marley, Dhanbad, 
Bihar, India; Stanley Harmston May, Sheffield ; 
Lt.-Comdr. (E.) Harold John Le Strange Metcalfe, 
R.N., Devonport ; Lt.-Col. John Russell Murch, B.Sc. 
(Eng.) (Lond.), IE.M.E., S.E.A.C.; John James 
Laurenson Murray, B.Sc. (Glas.), Billingham, Co. 
Durham. 





TRADE UNIONS’ RECOGNITION OF ARMY TRADESMEN.— 
Agreement has been reached between the War Office 
and certain engineering and electrical trades unions 
and employers, by which some categories of army trained 
tradesmen will become eligible to take up positions in 
civil life as skilled men. Full details of the arrange- 
ments are given in an Army Council Instruction, which 
has recently been published. 





SHEFFIELD METALLURGICAL ASSOCIATION.—The first 
meeting of the Modern Methods of Analysis Group of the 
Sheffield Metallurgical Association will be held at the 
Metallurgical Club, 198, West-street, Sheffield, at 7 p.m., 
on Thursday, October 10. Following the inaugural 
business of the group, Mr. E. J. Vaughan, M.Sc., F.R.I.C., 
will give a short talk entitled ‘‘ The Application of Absorp- 
tiometric Methods to Metallurgical Investigation,” after 
which there will be a discussion. The group aims at 
encouraging discussion on modern physico-chemical 
methods of analysis for the benefit of those engaged in 
metallurgical work. Full information may be obtained 
from the honorary group secretary, Mr. F. E. Eborall, 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 


Office Mechanisation——At the request of the then 
Ministry of Production, the British Standards Insti- 
tution, in 1943, began the preparation of a series of 
booklets intended to assist factory executive officers 
in dealing with the many new problems arising under 
war-time conditions, particularly with the object of 
obtaining efficient clerical administration. The book- 
lets have taken the form of recommendations based on 
the best known and most efficient practices, and one 
of the last aspects to be dealt with has now been 
covered in a recently issued booklet, entitled ‘‘ Office 
Mechanisation.” It is the aim of the booklet to pro- 
vide definite guidance regarding office-machinery to 
indicate the scope and form of different types of 
mechanisation, which, in suitable circumstances, may 
be expected to give satisfactory results in offices of 
varying size, to assist executive officers to determine 
which of the available machines is likely best to assist 
them, and to illustrate the different ways in which the 
machines may be employed. [Price 2s. 6d., postage 
included. ] 

Reinforced-Concrete Street-Lighting Columns.—One of 
a series of three specifications, which are being prepared 
for street-lighting columns, has recently been issued. 
This covers reinforced-concrete columns, and is desig- 
nated B.S. No. 1308-1946. It may be recalled that 
a specification, B.S. No. 1249-1946, dealing with cast- 
iron street-lighting columns, was issued in June, while 
the third specification of the series, which relates to 
steel columns, is in course of preparation. The present 
specification for reinforced-concrete columns provides 
for three classes of columns, giving mounting heights of 
30 ft., 25 ft. and 15 ft. The quality of the material to 
be used in the manufacture of the columns is specified, 
as are also the tests on the columns themselves. Details 
of ladder arms, door openings in the base, and other 
fittings associated with the columns, are also given. 
[Price 2s., postage included. } 





BOOKS RECEIVED. 


Government of India. Railway Department. Railway 
Board. Technical Paper No. 317. Control of Railway 
Traffic Operations by Telephone and Teleprinter. By 
Major H. L. CaRTER. The Manager of Publications, 
Civil Lines, Delhi. [Price 2 rupees.) Publications 
Manager, India House, Aldwych, London, W.C.2. 
[Price 3s.] 

The “* Liberation ’’ Locomotive, 2-8-0 Type, with Double- 
Bogie Tender for European Use. “The Railway 
Gazette ’’ Offices, 33, Tothill-street, London, S.W.1. 
[Price 2s.] 

The Modern Gas Turbine. Its Uses as an Exhaust Turbo- 
supercharger or Prime Mover in All Fields of Service, 
Including Jet Propulsion. By R. Tom SaAwYeErR. Sir 
Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 21s. net.] 

Small Vessels. By WALTER POLLOCK, M.I.N.A. Walter 

Pollock, Wybourne Grange, Tunbridge Wells, Kent. 

[Price 20s. net.} 

Department of Scientific and Industrial Research. Fuel 
Research. Experiments on Coking Practice. The Effect 
of Type of Oven upon the Properties of the Coke. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
4s. net.) . 

An Introduction to Electronics. By PROFESSOR RALPH 
G. Hupson. The Macmillan Company, New York, 
U.S.A. Macmillan and Company, Limited, St. 
Martin’s-lane, Strand, London, W.C.2. [Price 15s. 
net.) 

To Be An Engineer. By LievutT.-COLONEL J. R. W. 
MURLAND. Methuen and Company, Limited, 36, 
Essex-street, Strand, London, W.C.2. [Price 7s. 6& 
net.) 

The Hull and Barnsley Railway. By Dr. G. D. PARKEs. 
The Oakwood Press, 30, White Horse Hill, Chislehurst, 
Kent. [Price 3s. 6d. net.) 

** Mechanical World’ Monographs. No. 27. Time 

Study in Light Industry. By 8S. BLOYE DIPPLE. 

[Price 2s. 6d. net.] No. 29. Costing in the Engineering 

Industry. By F. R. Goopy. [Price 2s. 6d. net.) 

Emmott and Company, Limited, 31, King-street West, 

Manchester, 3. 

Commonwealth of Australia. Nineteenth Annual Report 

of the Council for Scientific and Industrial Research 

for the Year Ended 30th June, 1945. L. F. Johnston, 

Commonwealth Government Printer, Canberra, Aus- 

tralia. [Price 7s.] 

The Journal of the Iron and Steel Institute. Volume CLI. 

1945. No.1. Editor: K. HEADLAM-MORLEY, Secre- 

tary. Offices of the Institute, 4, Grosvenor-gardens, 


SEPT. 27, 1946, 
— 
PERSONAL. 


Mr. G. A. WHITWORTH, O.B.E., M.Inst.M.M., has bee 
appointed Principal of the School of Metalliferoys “ 
(Cornwall), Camborne, which position he has filleq singe 
the death, in 1941, of Mr. H. Sranpisyu BALL, Mr 
M. H. CANNING, M.C., A.R.S.M., B.Se., Assoc.Inst My” 
has been appointed senior assistant in the assaying and 
metallurgical department of the School. 


Dr. G. V. Honson, A.R.S.M., D.L.C., M.Inst.M.y. is 
now assistant director of Opencast Coal Production 
Ministry of Fuel and Power, and is in charge of the 
development section. 


Mr. G. Burt, acting chief electrical engineer to Gates. 
head Corporation, has now been confirmed in that 
appointment. 


Mr. W. C. Fansite, who joined the staff of the British 
Iron and Steel Research Association on March 1, 1946, 
has been appointed to take charge of the instrument 
section of the Association’s physics department. 


Mr. J. H. ENION, a director of Messrs. The Igranic 
Electric Company Limited, and managing director of 
Messrs. Metal Industries (Electrical Group) Limited, has 
joined the board of directors of Messrs. Metal Industries 
Limited, 145, St. Vincent-street, Glasgow, (.2. 


MEssRS. THE CHESTERFIELD TUBE COMPANY, Lintep, 
Chesterfield, inform us that, as from October 1, they ape 
opening a new branch sales office at Room 222A, Royal 
Exchange Buildings, St. Anne’s-square, Manchester, 
Mr. R. T. Munks has been appointed area manager, 


MEssRS. HADFIELDS LIMITED, East Hecla Works, 
Sheffield, have announced that their London offices at 
Norfolk House, Laurence Pountney-hill, E.C.4, and at 
7, Warwick House-street, Cockspur-street, Westminster, 
S.W.1, have been transferred to 22, Carlton House-terrace, 
Westminster, S.W.1, at one time the residence of the 
late Sir Robert Hadfield, with effect from September 26, 
(Telephone : WHItehali 7107. Telegrams: Hadfielder, 
London.) 


MEssrs. JAMES HOWDEN AND COMPANY, LIMITED, 195, 
Scotland-street, Glasgow, C.5, have announced that their 
Cardiff office will be re-opened at 91-93, St. Mary-street 
on October 6 and that this branch will be in charge of 
Mr. W. MacOwan, M.B.E., who will be responsible for 
the company’s interests in South Wales and South-West 
England. 


Mr. E. S. LitrLe has been appointed a director of 
Messrs. Associated Electrical Industries Finance Com- 
pany Limited, Crown House, Aldwych, London, W.C.?2, 
which is concerned with the financial aspects of all com- 
panies controlled by Messrs. Associated Electrical Indus- 
tries Limited, including the British Thomson-Houston 
Company, Limited. In consequence of his new appoint- 
ment, Mr. Little has retired from the board of the 
British Thomson-Houston Company, Limited, but he 
will continue to hold the office of comptroller and secre- 
tary of that company. 


Mr. W. GorF has been appointed personnel manager to 
Messrs. Dunlop Rubber Company Limited, Fort Dunlop, 
Erdington, Birmingham, in succession to Mr. WALTER 
BonD. 


Mr. F. C. Lynam, F.R.Ae.S., technical manager, and 
Mr. E. C. F. Pasn, A.M.I.H.V.E., sales manager, of 
Messrs. The Airscrew Company Limited, Weybridge, 
have now joined the board of directors of that company, 


Mr. J. CAMPBELL Hart, B.A. (Oxon.), A.M.I.Mech.E., 
A.I.N.A., M.Inst.F., has been appointed managing 
director of Messrs. The Hoyt Metal Company of Great 
Britain Limited, Deodar-road, Putney, London, 8.W.15, 
in succession to Mr. C. J. KniGut, who has retired from 
that position after serving the company for 34 years. 
Mr. Knight, however, will retain his seat on the board 
and will continue his service with the company in the 
capacity of consultant. Mr. CHARLES V. BONE, F.I.A.C., 
the company’s secretary for ten years, has been appointed 
a director. 


LIEvT.-COLONEL W. R. S. Hopaeson, after seven years’ 
service with H.M. Forces, has now returned to civilian 
life and has resumed his duties as manager of the Lead 
Industries Development Council, 25, Lower Belgrave- 
street, London, S.W.1. 








MERCURY-ARC RECTIFIERS.—The Nevelin Electric 
Company, Limited, Purley-way, Croydon, Surrey, have 
issued a handsomely illustrated pamphlet dealing with 
the mercury-are rectifiers which they have manufactured 
for the past 20 years in capacities ranging from 0-5 kW 
to 5,000 kW, and for pressures between 25 volts and 
10,000 volts. After describing the construction of this 
equipment, a section is devoted to illustrations of 
typical installations showing the application of the 
rectifier to cinema projectors, lifts, printing machines, 
and substations for supply systems. Views in the firm’s 
works are then given, together with descriptions of the 
manufacturing processes adopted, special attention 








30, Fulney-road, Sheffield, 11. 


Westminster, London, 8.W.1. 





being devoted to the methods of blowing the glass bulbs. 
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ENGINEERING. 








NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Supplies have become more difficult 
as a result of the prolonged strike of the bricklayers— 
now in its third week. The companies state that work 
may come to a standstill if the men do not return within 
the next fortnight, as the amount of brickwork repairs is 
accumulating rapidly. By the discriminate use of cold- 
steel stocks, the most essential parts of the supply 
programme have been covered relatively well so far. 
Deliveries have slowed down and work in the yards 
has been proceeding at a corresponding rate, but no pay- 
off among workers in the steel-consuming industries has 
occurred ; employees, however, have had to be suspended 
in the steel trade itself, on accoufit of the number of 
furnaces now awaiting repairs. Re-rollers have succeeded 
in getting sufficient semies to maintain their own pro- 
grammes. Discard material has again played an import- 
ant part at the re-rollers’ works in meeting the export 
demands, and the concession given by the Board of 
Trade in this respect has made all the difference between 
cancelling export orders on a drastic scale and keeping 
overseas markets open. 

Scottish Coal.—Outputs are reported to be good in 
some areas and disappointing in others. On the whole, 
the output level is a little under the pre-holiday level of 
June, and the improvement noted in August is being 
maintained this month. The increased allocations 
directed by the Ministry to be sent to gasworks and 
electric power stations are helping stocks at these 
points, but the position is still very vulmerable. The 
average reserve stock held by generating stations is said 
to be only 2-8 weeks’ supply ; this figure is to be raised 
to approximately 4 weeks by the end of October, and 
inquiries at the collieries show that producers are confi- 
dent of being able to implement the Ministry’s demand 
with regard to the public utilities. Steelworks and rail- 
way supplies are next in importance, and the delivery 
time-table is being maintained. The possibility of a 
further scaling-down in industrial supplies generally is 
being discussed freely in market circles, but several 
groups of coal producers have expressed the hope that 
this will not be necessary. Anthracite producers in 
Scotland have come to the conclusion that the prospects 
of reviving their Canadian trade are so poor that it is 
useless to maintain the organisation, here and in Canada, 
devised and set up about 15 years ago to handle ship- 
ments from Scottish producers. The organisation is being 
wound up this month. House-coal supplies remain 
steady and satisfactory. Opencast supplies, however, 
have been seriously affected by wet weather. 

Scottish Shipbuilding.—With the yards all busily 
engaged, despite shortage of supplies, labour difficulties, 
etc., several good features are noticeable. The number 
of cargo-ship and liner orders may be described as fair, 
but more orders would be welcomed. A notable feature 
is the extraordinary pumber of orders received by 
Scottish yards for small craft, such as trawlers, fishing 
boats, and lifeboats. Places like Buckie, Montrose, 
Aberdeen, Peterhead, and the Clyde are busier than 
they have been for over 30 years. The depletion of the 
fishing fleets of all countries is reflected in the spate of 
orders received by Scottish firms, principally on French, 
Portuguese, South African, and Icelandic account. 
Foreign yards have had their building facilities so reduced 
by war damage that they have had to concentrate on 
deep-sea vessels, so that Scotland is getting the largest 
share of the European trade in small-craft construction. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The production of pig-iron is on a 
fairly satisfactory scale, in spite of some shortage of 
coke. South-Yorkshire bar is in steady, and rather 
better, demand, and basic steel continues very active. 
with high production; acid-carbon steels are also in 
strong demand. High-carbon steel sheets and bars are 
being received intermittently, and many users are pressing 
for larger deliveries; low-carbon steels are in ample 
supply. The make of alloy steels is maintained at a 
high level, and the demand continues to be heavy on 
both home and export account. Stainless and heat- 
resisting steels are in strong request, and are in full 
production. Tool factories are employed to their maxi- 
mum capacity. Light-rolling mills are in arrears with 
deliveries, owing mainly to insufficient skilled labour. 
It is hoped to secure, in a month or so, deliveries of 
oil-burning equipment ordered some time ago, in case 
coal supplies proved to be inadequate to maintain 
production through the winter. 

South Yorkshire Coal Trade.—Holidays taken in con- 
nection with the Doncaster races have accentuated the 
shortage of coal, and there are urgent demands from 
industrial users whose stocks are only equivalent to a 
week’s supply, in some cases. Locomotive hards are in 
strong request, and the requirements of the coke-works 
are in excess of the allocations. Stocks of coke are 
below those of a year ago; patent-fuel is in demand. 








NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—The problem which will face 
coal exporters during the winter months became more 
clearly defined during the past week. It has been 
obvious for some time that, owing to the failure of pro- 
ductions to expand in spite of all appeals and efforts, 
it would become necessary, if the increased seasonal 
demand is to be met, for exports to suffer. It has now 
been reported that, during the last three months of the 
year, exports from the country as a whole would be in 
the region of 100,000 tons only, of which South Wales 
could claim only a limited share. In the early months 
of this year, South Wales was shipping at the rate of 
100,000 tons a month, chiefly of the poorest sorts not 
wanted inland, to France, Italy and the Low Countries. 
Cuts were made in July, and in September the export 
quota was only about 30,000 tons. A big bunker contract 
for South Wales coals has been signed for supplies for the 
Mersey, resulting from large-scale repairs to a railway 
tunnel which has cut Merseyside off from its normal 
sources of supply in the Midlands. Contracts have been 
signed for the supply of 40,000 tons for three weeks, and 
the cost will be 72s. per ton f.o.b. at the Mersey ports. 
Examiners at the anthracite collieries in West Wales, 
who handed in notices to terminate contracts at the end 
of September, withdrew them, and their grievances 
were referred to the Conciliation Board. They threatened 
strike action in support of their claims for payment for 
working in wet places, observance of the seniority rule, 
and the elimination of non-unionists. The demand on 
the market from home sources was brisk, but collieries 
were unable to accept much further business, as order 
books were already well filled forward. As a rule, pro- 
ducers found it difficult to maintain supplies to the 
public utilities and the most important industrial con- 
sumers, many of whom were anxious to obtain supplies 
for stocking purposes. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The embarrassing conditions in 
the North of England iron and allied trades continue. 
The fuel situation still gives rise to uneasiness. Supplies 
are unsatisfactory, and the feeling of uncertainty in 
regard to the future is disconcerting. A reduction in 
the tonnage output of Cleveland ironstone has necessitated 
increased use of the output from mines at a distance, 
and of costly foreign ores, the imports of which, however, 
are on a satisfactory scale. The pressure for larger 
deliveries of iron and steel] is increasing in intensity, and 
is taxing productive capacity severely. Pig-iron con- 
sumers are receiving rather better deliveries, but would 
welcome still larger supplies of some qualities. For- 
tunately, scrap is abundant and is obtainable at half the 
price of pig iron. . 

Foundry and Basic Iron.—The larger tonnage of high- 
phosphorus pig iron available covers the essential re- 
quirements of the light-casting plants, but there are only 
limited reserves to meet the increased demand expected 
as more labour becomes available for the foundries. The 
local make of high-phosphorus pig is still small and the 
bulk of the iron being used at foundries in the Tees-side 
zone is from the Midlands. There is no marketable 
Cleveland basic iron, the whole of the output being 
retained for the requirements of the makers’ own con- 
suming plants. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite producers are regularly providing home 
users with ample supplies for their current needs, and 
stocks at makers’ yards are reported to be fairly sub- 
stantial, but buyers are still carefully rationed and 
merchants are still unable to secure export licences. 
This circumstance is preventing extensive business with 
overseas buyers, some of whom are valued customers of 
long standing. Increasing tonnages of low- and medium- 
phosphorus iron are being taken up by local users. 
Finished-iron manufacturers are able to give adequate 
attention to customers’ requirements. 


Manufactured Iron and Steel.—The demands for 
semi-finished and finished iron are increasing, but the 
outputs of most commodities are keeping pace with the 
buyers’ needs. The heavy demand for all classes of 
steel, however, far exceeds supplies and an increase in 
production is difficult to secure. Shortage of steel semies 
remains acute and the prospects of better supplies, either 
from home producing plants or from overseas, are slight. 
Plate producers and sheet makers have sufficient orders 
to keep them fully occupied to the second quarter of 
next year. Manufacturers of rails, railway chairs, points 
and crossings, and firms turning out pit props, arches and 
colliery roofings, have a great deal of work in. hand. 

Scrap.—There are plentiful supplies to meet the brisk 
demand for good cast-iron scrap, machinery metal and 
heavy steel scrap. 





‘anions 299 
NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 











INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
October 1, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, Westminster, S.W.1. 
General Meeting. “ Structural Problems of the Com- 
mercial Vehicle,” by Mr. V. W. Pilkington. 

INSTITUTION OF ELECTRICAL ENGINEERS.—WNorth- 
Western Centre: Tuesday, October 1, 6.30 p.m., Engin- 
eers’ Olub, Albert-square, Manchester. Chairman’s 
Inaugural Address, by Mr. E. T. Norris. Institution: 
Thursday, October 3, 5.30 p.m., Savoy-place, Victoria- 
embankment, W.C.2. Presidential Address, by Mr. 
Vv. Z. de Ferranti. North-Midland Centre: Tuesday, 
October 8, 6 p.m., Corporation Electricity Department, 
Whitehall-road, Leeds. Chairman’s Inaugural Address, 
by Mr. A. G. Connell. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
October 1, 6.30 p.m., Sheffield Metallurgical Club, 198, 
West-street, Sheffield. ‘‘ The Education Committee and 
Technical Education: Future Developments,” by 
Alderman J. H. Bingham. 

INSTITUTE OF INDUSTRIAL ADMINISTRATION.—London 
Centre: Wednesday, October 2, 7 p.m., Waldorf Hotel, 
Aldwych, W.C.2. ‘ Patterns of Organisation,” by 
Lienut.-Col. L. Urwick. 

INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 
Branch: Thursday, October 3, 7 p.m., The Hotel Metro- 
pole, Leeds. ‘“‘ Some Notes on a Superimposed High- 
Pressure Power Plant,” by Mr. T. H. Carr. North- 
Eastern Graduates’ Section: Saturday, October 5, 2.30 
p.m., The Gas Showrooms, Grainger-street, Newcastle- 
upon-Tyne. Section Chairman’s Address on ‘“‘ Some 
Problems Encountered in the Design of the High-Speed 
Wind Tunnel Balance, R.A.E., Farnborough,” by Mr. 
F. N. Kirby. London Graduates’ Section: Saturday, 
October 5, 3 p.m., Storey’s-gate, St. James’s Park, 
Westminster, S.W.1. (i) “‘ The Institution’s Library.” 
(ii) Film: “ The Birth of the Mosquito.” North-Eastern 
Branch: Monday, October 7, 6 p.m., The Mining Insti- 
tute, Neville Hall, Newcastle-upon-Tyne. ‘‘ The Pros- 
pects of the Steam Cycle in the Central Power Station,” 
by Mr. G. H. Martin. South Wales Branch: Tuesday, 
October 8, 6 p.m., The South Wales Institute of Engi- 
neers, Park-place, Cardiff. ‘‘ Mechanical Handling in the 
Melting Shop (Open Hearth Furnaces),” by Mr. J. S. 
Venables. 

CHEMICAL SocreTy.—Thursday, October 3, 7.30 p.m., 
The Chemical Society’s Rooms, Burlington House, 
Piccadilly, W.1. (i) “‘ The Crystal Structure of Pyrene : 
A Quantitative X-Ray Investigation,” by Messrs. J. M. 
Robertson and J. G. White. (ii) ‘‘ The Re-Distribution 
and Desorption of Adsorbed Gases,” by Mr. R. F. Barrow 
and others. 

RoyAL SaniTaRy INSTITUTE.—Lewes Meeting. Friday, 
October 4, 2.30 p.m., Town Hall, Lewes. (i) “ Rural 
Housing,” by Mr. G. Kent. (ii) “‘ Some Aspects of Army 
Sanitation Overseas,” by Mr. H. K. Appleton. Saturday, 
October 5,10 a.m. Excursion. 

Junior INSTITUTION OF ENGINEERS.—Friday, Octo- 
ber 4, 6.30 p.m., 39, Victoria-street, Westminster, S.W.1. 
Discussion on ‘‘ Low Temperature Insulation,” to be 
opened by Mr. A. Cooper. Western Group: Friday, 
October 4, 7.30 p.m., Merchant Venturers’ Technical 
College, Unity-street, Bristol. Annual General Meeting. 

Royal STaTIsTicaL Society.—industrial Applications 
Section: Friday, October 4, 6.30 p.m., The E.L.M.A. 
Lighting Service Bureau, 2, Savoy-hill, Strand, W.C.2. 
* Statistics in America,’”’ by Mr. M. Milbourn. 

KEIGHLEY ASSOCIATION OF ENGINEERS.—Friday, 
October 4, 7.30 p.m., Devonshire Buildings, Devonshire- 
street, Keighley. ‘‘ Modern Machine Tool Practice,” by 
Mr. T. P. N. Burness. 

SocreTy OF ENGINEERS.—Monday, October 7, 5 p.m., 
The Geological Society’s Rooms, Burlington House, 
Piccadilly, W.1. ‘‘ Comparisons of British Industrial 
Efficiency,”’ by Mr. Lewis C. Ord. 

INSTITUTION OF PRODUCTION ENGINEERS.—Yorkshire 
Section: Monday, October .7, 7 p.m., The Hotel Metro- 
pole, Leeds. ‘“‘ Dielectric and Induction Heating,” by 
Mr. E. May. Luton Section: Wednesday, October 9, 
7 p.m., The Central Library, Luton. ‘The Rubber 
Bolster Press and Its Application,” by Mr. G. H. Parlor. 

NEWCOMEN SocreTy.—Wednesday, October 9, 5.30 
p.m., Science Museum, South Kensington, S.W.7. 
“‘ Engineering in Cornwall before 1775,” by Mr. T. R. 
Harris. 





STEEL OvTPUT IN THE RuHR.—The output of steel in 
Ruhr during July, 1946, was. 181,200 tons, compared 
with 161,853 tons in June. It is stated that the increase 





would have been larger but for shortage of labour. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMP.ie Bak 3663 and 3664. 


All editorial co ce should be addressed 
to the Editor and all other correspondence to the 


Manager. 


Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £218 6 
Thick paper copies ............ £3 3 0 
For all other places abroad— 
Thin paper copies ................ 3 3 0 
Thick paper copies ............ 3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Seria] ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

i of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS, 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The rietors wil] not hold themselves res ible 
for advertisers’ blocks left in their possession for more 
than two years. 








INDEX TO VOL. 161. 

The Index to Vol. 161 of ENGINEERING 
(January-June, 1946) is now ready and will 
ja sent pela any her without charge and 

stage on application being made to 
Publisher. In order to reduce the ran hong 


tion of paper, copies of the Index are 
distributed only in response to such 
applications, 
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ELECTRICAL ACCIDENTS. 


In the year 1905, there were 175 accidents due to 
electricity on factory premises, seven of which were 
fatal. In 1945 the number of reportable accidents 
was 891, and the number of fatalities 31. No numeri- 
cal estimate can be made of the extent to which 
the use of electrical appliances increased during 
the 40 years covered, but it is fairly certain that 
the increase was considerably more than five-fold, 
and that the current record shows a decrease, not an 
increase, in accident rates. These figures are quoted 
from the report on electrical accidents in 1945 pre- 
pared by Mr. H. M. Swann, H.M. Senior Electrical 
Inspector of Factories, and the reason 1905 was 
chosen as the year with which a comparison should 
be made is that it was covered by the first report of 
the series of which that for 1945 is the latest. In 
comparing the number of accidents in 1905 with 
those in 1945, it must be remembered that not only 
has the use of electricity greatly extended, but its 
inherent danger in many applications has greatly 
increased, owing to the much higher voltages which 
have been introduced into practice, and, as Mr. 
Swann points out, entirely new processes of a 
chemical nature have developed which have given 
rise to new dangers. 

Although a comparison between the total numbers 
of electrical accidents in 1905 and 1945 may suggest 
that progress in the application of safety measures, 
and the growth of a wider knowledge of the inherent 
dangers of electrical plant, have been satisfactory, 
it would be neither wise nor correct to assume that 
further improvement is unnecessary. Many acci- 
dents still happen, due either to defective plant or 
carelessness on the part of individuals. Even in 
1945, events occurred which indicate a degree of 
ignorance difficult to understand in a mechanical 
age. The report is concerned with industrial pre- 
mises, but total figures for electrical fatalities are 
given. There were 48 domestic cases, 13 in bath- 
rooms, and due to the use of portable electric heaters. 
Practically every authority concerned with domestic 
supply has many times pointed out the danger of 
this practice, and most users are aware of the fact 
that the use of portable fires in bathrooms is undesir- 
able, but believe that, if care is taken to keep clear of 
them, no harm will ensure. When, however, an indi- 
vidual is killed when sitting in a bath and wearing a 





pair of earphones connected to a mains-driven wire- 
less receiver, it is difficult to measure the degree of 
ignorance or carelessness involved. In another 


9 | case, exhibiting the same order of folly, an individual 


was killed after placing a portable electric iron in 
the bathwater to heat it. 

It is reasonable to suppose that all employees in 
factories who are in any way concerned with elec- 
trical plant will either receive some instruction 
about procedure, or will operate under specific 
rules, and that nothing quite so foolhardy as these 
domestic cases is likely to occur. Nevertheless, 
many incidents happen due to activities which are 
conditioned either by ignorance or oversight. In 
one case, a boy of 16 replacing a 230-volt indicator 
lamp, obtained a 50-volt lamp by mistake. This 
immediately burst on insertion in the fitting and 
burnt his right arm. A similar case occurred 
when a 12-volt inspection lamp was plugged into a 
110-volt socket. A more serious case was when an 
assistant engineer, a fitter and his mate visited a 
substation to clean certain parts of the switchgear. 
Before the work on the cell concerned was completed, 
the assistant engineer left the substation. When 
the cell had been dealt with, the fitter decided to 
open another cell. This was alive, and on the mate 
attempting to dust an insulator a discharge took 


309| place causing serious injury to the fitter. One 


more example may be quoted. An apprentice 
electrician had to replace a faulty lampholder. 
He located the fuse-way in the distribution box 
by withdrawing the fuses in sequence, a lathe 
operator signalling when the light in the faulty 
holder went out. The apprentice then proceeded 
to disconnect the holder and received a fatal electric 
shock. It was later found that he had only with- 
drawn the neutral fuse, leaving the whole circuit 
alive via the phase fuse, although he had properly 
carried out an operation of the same kind only two 
days before. 

The report gives a table segregating the accidents 
between skilled and unskilled workers. Of the 
total of 891, rather more than a quarter, 260, 
occurred to skilled workers and 423 to unskilled. 
The remaining 208, required to make up 891, repre- 
sented cases of eye-flash during electric-welding 
operations. These are not classified as skilled or 
unskilled. It would naturally be expected that the 
greater proportion of accidents due to negligence 
would occur among unskilled workers, and Mr. 
Swann states that “in accidents due to negligence 
there is no doubt that the greatest single cause is 
ignorance.” Fairly to apportion the accidents due 
to human failure between the two classes of workers 
would require much more statistical material than 
is provided. It would be. necessary to know the 
total number of persons of each kind employed, 
and all accidents would have to be placed under 
the heading either of “‘ human” or “ mechanical.” 
It is doubtful whether specific information on 
these points could be collected. An electrical 
accident may happen to a workman who is in no 
way concerned with electrical matters, and who 
would not be included in a census of electrical 
employees. Similarly, some accidents are difficult 
to classify. As an example, the operator of a bar- 
straightening machine was leaning over it filing 
burrs off the off-set rollers. He raised one foot 
in getting into a better position, and accidentally 
kicked the handle of the starter, which was behind 
him, into the start position. The machine was 
set in motion and he was drawn into it and killed. 

By no means all “ negligence” accidents are to 
be attributed to inexperience or ignorance. It is 
pointed out that ‘“‘ mental aberration,” which has 
no relation to skill, is responsible for a number. A 
case in illustration was provided by a switchboard 
attendant of many years experience. One of his 
duties was to open a number of cubicles to clean 
auxiliary "bus bars. He was thoroughly acquainted 
with the gear, but on one occasion obtained the 
key to a neighbouring live cubicle, entered it, 
touched a conductor and was killed. It is sug- 
gested that this type of inadvertance may be due 
to preoccupation with personal matters or cares ; 
it does not seem possible to suggest any method of 
dealing with it. Mental aberration may also be 
induced by repetition work, which is not in itself 
of sufficient interest to retain the attention of the 
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operator. An example is afforded by a woman 
tester who checked 400-volt motor starters. She 
had tested thousands, but once, relaxing care, forgot 
to open the circuit switch before placing her hands 
on the terminals to disconnect the test piece. 

Accidents to young persons, due largely to ignor- 
ance, may possibly be reduced in number by im- 
proved instruction and training, and this aspect of 
the matter is now receiving considerable attention 
from factory managers and others. It is certain, 
however, that human-failure accidents will never be 
eliminated entirely. The same thing, no doubt, 
applies to mechanical-failure accidents, but they do 
not, in themselves, present such a difficult problem. 
There is no attempt in the report to classify all 
accidents under the two headings, but it is stated 
that of 63 accidents taken at random, 30 were due 
to the human element and 33 to apparatus or 
material. Of the large number of accidents of 
which details are given in the report, the greater 
number are attributable to failure of material. 
Some of them suggest that there are still too many 
installations in operation embodying practice which 
is now generally recognised to be unsound. In 
1905, two accidents occurred at works distribu- 
tion boards owing to short circuits between fuse 
terminals with opposite poles only a few inches 
apart, the fuses consisting of bare wire fixed in 
screw terminals. This would not be considered 
good practice in 1945, and yet in that year a switch- 
board attendant was killed owing to a short-cir- 
cuit between two 5,000-ampere multi-blade knife 
switches on a direct-current board. In view of the 
heavy current, the switch contacts had clamping 
bolts operated by a removable ratchet-ring spanner 
with an insulated handle. The minimum clearance 
between the positive and negative switches was 2 in. 
and there was no barrier. The head of the spanner 
was 3} in. wide, and on the occasion referred to it 
bridged the gap with the result stated. 

Another parallel between 1905 and 1945 was pro- 
vided by a fatal accident in the earlier year, due 
to a man coming into contact with crane trolley 
wires. In 1945, an electrician’s mate was killed in 
the same way. The overhead crane had 14 cross- 
span wires, the two top ones forming the limit- 
switch circuit. The crane had been made dead, but 
when the man reached over to adjust the position 
of the control span wires he received a fatal shock. 
Investigation showed that, owing to a mistake in the 
diagram of connections, the crane had been incor- 
rectly wired when installed five years earlier. This 
accident must be attributed to human failure, 
although not in any way to oversight by the man 
who was killed. All accidents due to incorrect wir- 
ing are really due to human failure, although in a 
tabular statement they might be put down to 
material. In a sense, most cases of defective 
apparatus are due to individual failure at the design 
or construction stage. The report gives brief details 
of 20 electrical accidents with switchgear, mostly 
involving oil circuit breakers. Some were due to 
failure of bushings on instrument transformers, 
and although some of these may have been caused 
by material defects which could not be detected at 
the assembly stage, it seems probable that most were 
due to careless workmanship, inadequate design, 
or poor maintenance. 

Although oversight and carelessness during manu- 
facturing operations will never be eliminated en- 
tirely, reduction in the number of accidents must 
be looked for in improvement in design, construc- 
tion and inspection procedure, rather than in 
elimination of operational oversight. Fortunately, 
progress is being made in all these directions, as is 
shown by the very small number of failures. New 
materials and new methods may, however, be 
expected to carry it still higher. The matter is, 
however, by no means entirely in the hands of the 
manufacturers. Maintenance, or the lack of it, may 
be an important factor in accident causation. Of 
the 20 switchgear failures referred to, one was due 
to a loose nut in a circuit breaker causing imperfect 
contact, one was due to a short-circuit caused by the 
penetration of solder used in joining cables, one was 
due to insulation failure caused by deposits from a 
dirty atmosphere, and one was due to a broken con- 
nection between a switch and transformer. These 
were all matters for the maintenance staff. 





CAPITALISATION OF 
TECHNICAL PERFORMANCE. 


In making arrangements for the provision of new 
equipment, the wise engineer attempts to determine, 
among other things, the correct relationship between 
the capital cost of the plant and the annual outlay 
which is necessary in order to operate it. To do 
this, he capitalises the running costs, which depend 
on the efficiency and other technical data, and adds 
the amount thus obtained to the initial cost of the 
equipment. The result is the total capitalised cost 
of the equipment. That part of the capitalised 
cost which is obtained from the running costs, how- 
ever, is made up of two components, one of which 
is continuous and constant, while the other depends 
upon the “load.” For instance, in ascertaining the 
capitalised cost of an electrical transformer, the iron 
losses fall into the first of these categories and the 
copper losses into the second. The ratio between 
these components obviously possesses an optimum 
value for any particular operating conditions, and 
thus influences the capitalised cost. Capitalisation 
values of this kind are used by many purchasers for 
the comparison of tenders. They have also been 
employed by the Central Electricity Board since its 
inception for the assessment of its own trans- 
formers, while the standardisation of that body’s 
bulk-supply charges has had the indirect effect of 
settling the greater part of the capitalisation values 
of the distribution transformers owned by the supply 
undertakings. Nevertheless, it is probably correct 
to say that capitalisation values have seldom caused 
any tender other than the lowest to be accepted. 

As this subject is likely to acquire increasing 
importance in the present economic and technical 
state of the industry, it is desirable that its limi- 
tations should be examined and an explanation 
given as to why, when the monetary value of the 
losses in any apparatus have been determined, it is 
not rigorously utilised. Mr. E. T. Norris has 
therefore performed a useful task (in a paper which 
appears in the Journal of the Institution of Electrical 
Engineers for April, 1946) in making some sugges- 
tions regarding the interpretation and application 
of the principles involved in the capitalisation of 
technical performance. The most important of 
these are that, generally speaking, the lowest total 
capitalised cost should not be chosen; and that 
purchasers should not specify particular values for 
the ratio of load and no-load losses, nor the maxi- 
mum efficiency at a particular load. 

In support of his argument, Mr. Norris calls atten- 
tion to the fact that within the past decade five 
papers dealing with capitalisation, or with the 
economics of engineering, have been read before 
the Institution of Electrical Engineers. While, 
however, the authors of all these papers agreed on 
fundamental principles, they also differed regarding 
the ways in which those principles should be applied. 
On the other hand, speakers in the discussions on 
these papers not only, as might have been expected, 
attacked the different methods of applying capitali- 
sation, but sharply criticised the principles them- 
selves on two grounds. In the first place it was 
pointed out that, when capital resources are limited, 
it is not the interest payable on the loan, which 
should be used in capitalising the operating cost, but 
the loan’s earning power, and this is usually much 
the greater. This, however, as Mr. Norris points out, 
is not really a criticism of principle, and can be met 
by a suitable choice of equivalent loan interest. 
Incidentally, this correction will diminish the import- 
ance of high plant efficiency. 

A more general criticism arises from the fact that 
capitalisation involves the expression of the future 
in terms of the present. Since it is never safe to 
prophesy, this surrounds the whole operation of its 
calculation with an atmosphere of uncertainty. 
Thus, it is not, it is contended, the present running 
costs, nor the present loading conditions, which 
should be considered, but rather. the averages of 
both these items over a term of years. To this 
Mr. Norris replies that though future costs may not 
be known they will certainly be incurred and may 
be important. While, therefore, capitalisation must 
be regarded rather as indicating broad outlines than 
in providing data for specific and detailed calcula- 
tion, it is nevertheless of value. In fact, small 





relative deviations from imagined future costs are 
justified if they result in a substantial reduction jn 
the known first cost. In any case, typical average 
values must always be used, as plant cannot be 
individually itemised. 

As an example of the procedure which is recom. 
mended in arriving at results, the capitalisation of 
performance of electrical equipment is considered, 
This involves the costing of the iron and copper 
losses and magnetising current, as well as the voltage 
regulation in the case of transformers. It is found, 
in practice, that the capitalised cost of the losses 
varies from equality with, to about three times, the 
initial cost. The addition of these two items gives 
the mathematically minimum total cost which is 
advocated by proponents of capitalisation and is 
frequently specified and worked to by both manu- 
facturers and users. Mr. Norris, however, suggests 
that the importance which should be attached to 
these mathematically optimum relations depends 
not only upon the accuracy of the calculations, but 
inversely upon the flatness of the curve connecting 
the relations themselves. In a transformer, for 
instance, although the minimum total cost occurs 
when the initial capital cost has a certain value, a 
wide departure from that value has little effect. In 
fact, a transformer, which costs 70 per cent. of the 
optimum value, will only cause an increase of some 
2-5 per cent. in the total capitalised cost. 

If the technical and economic data involved in 
capitalisation were all accurately determinable and 
capital resources were unlimited, then in Mr. Norris’ 
opinion, it would be justifiable to choose the 
optimum conditions. As, however, such a state of 
affairs does not arise and, as has already been 
pointed out, a large part of the process of capitalisa- 
tion consists in forecasting future operating costs 
and loading conditions (and is therefore doubtful), 
it is probably better to secure a certain saving of 1. 
in initial cost than an uncertain saving of IJ. in 
capitalised cost. The difficulty is to decide how 
much better it is; and sufficient information is not 
available to enable this to be determined accurately. 
For instance, the initial cost of a particular trans- 
former may be 1,0001., and the total capitalised cost 
3,4001., while if the initial cost is reduced to 8001. the 
capitalised cost will be increased to 3,435/. The 
problem is then whether it is advisable to spend 
2001. more initially in order to save 35/. on the 
capitalised cost, bearing in mind that most of the 
ultimate saving depends upon hypothetical prog- 
nostications. The general conclusion, which would 
be reached by most practical engineers, is that it 
would not ; and that it would be better to choose the 
alternative with a lower first cost, the actual amount 
of the difference being a matter for individual 
judgment. 

The second stage in capitalisation is concerned 
with the two components which make up the 
operating item in the total capitalised cost. For a 
given rating, this item is a minimum when its com- 
ponent parts are equal. In this case, however, 
a fairly wide departure from the optimum results 
in only a small increase in the capitalised cost and 
does not seriously affect the overall economy. In 
dealing with the whole question it is advisable, 
however, to remember that the design of apparatus 
involves the balancing of a number of independent 
variables, some of which are mutually conflicting 
and thus necessitate the application of compromises. 
To complicate matters by insisting upon a particular 
ratio of losses will therefore only increase the diffi- 
culties of design and may lead to the sacrifice of 
desirable features. 

It will be clear from what has been said that the 
subject is not without its difficulties, partly because 
it necessarily requires the exercise of the speculative 
faculty and partly because any conclusions arrived 
at can only be based on existing knowledge and 
technique. Nevertheless, there seems no reason 
to suppose that these drawbacks will affect seriously 
the principles which Mr. Norris discusses, though 
they may, of course, influence their application in 
practice. The paper is therefore useful in drawing 
attention to an important subject and to the 
bearing which it has on the finance and economy 
of engineering operations; and there is no reason 





to suppose that these will not loom as large in the 
future as in the past. 
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NOTES. 


‘*Brrrarn Can Make It” Exuisirion. 


THE engineer will find the “‘ Britain Can Make It ” 
exhibition of interest, although many of the exhibits 
are far removed from the field of engineering. 
A little reflection will show, however, that most 
of the items are the result of the co-ordinated 
efforts of scientists and engineers; but the credit 
for the attractiveness of most of the exhibits must 
be given to the industrial designer. It is he who 
has considered the cutlery, wireless accessories, 
mincing machines, washing machines, saucepans, 
and other articles of this kind and given them 
attractive forms. They appeal not only as articles 
with particular functions, which they are capable 
of fulfilling very well, but as pleasing forms in 
themselves, comparing very favourably with the 
earlier and more prosaic productions. In section 2, 
‘** What the goods are made of,” a cast-iron “ tree ’ 
exhibited consists of a brake-drum, a crankshaft, a 
drain-spout, a part of a domestic mangle and some 
piston rings, arranged in the form of a tree and 
“planted” by the side of a sheet-metal “lake ” 
along with other “trees,” of aluminium, copper, 
magnesium, etc., the whole constituting an attrac- 
tive display. Nevertheless, despite the design aspect, 
there are a number of exhibits of more direct 
technical interest, such as a portable radio receiver 
which can be slung over the shoulder like a camera, 
with the aerial incorporated in the carrying strap. 
This is a noteworthy example of the application of 
war-time research to peace-time uses. There are 
also examples of the packaging of goods for the 
tropics, a model of a suggested design for a railway 
sleeping carriage, and a collection of hand tools, 
including a micrometer with figures in braille, so 
that it can be used by the blind. The exhibition, 
which is being held in the Victoria and Albert 
Museum, South Kensington, was opened by His 
Majesty the King on Tuesday, September 24, and 
will remain open until some time between October 31 
and November 23, according to the attendance. 
It is open daily from 10 a.m. to 10 p.m., and on 
Sundays from 2.30 p.m. to6 p.m. We are informed 
that visits of works personnel, including designers, 
drawing-office staffs and operatives, in large num- 
bers, can be arranged for. Information concerning 
the arrangements for such parties can be obtained 
from the Design and Industries Association, 9, 
Conduit-street, London, W.1. The organisers of the 
exhibition are the Council of Industrial Design, 
Tilbury House, Petty France, London, 8.W.1, to 
whom all other queries should be addressed. 


THe Guien Arrric Hypro-ELectrric SCHEME. 


Some details regarding a scheme for utilising the 
water power resources of the Glen Affric-Glen 
Cannich area have been published by the North of 
Scotland Hydro-Electric Board. It may be recalled 
that this is the third attempt to harness the water 
power of this part of Scotland. The first, which 
was promoted by the Grampian Company in 1928, 
was rejected by a House of Lords Committee. 
The second, which was promoted by the same 
company in 1941, was withdrawn after the Secretary 
of State had promised an inquiry into the water- 
power resources of the north of Scotland. The 
present scheme involves the construction of a dam 
120 ft. high at Loch Mullardoch and the diversion of 
its waters through a tunnel to Loch Benevian, 
where an underground power station will be built. 
A dam 86 ft. high will also be constructed at Loch 
Benevian from which water will be supplied to a 
second power station near Fasnakayle. The 
aggregate installed capacity of the two stations will 
be about 70,000 kW, and it is estimated that the 
average annual output will be about 250 million 
kWh. It will be seen that Loch Affric itself is 
entirely unaffected. The present scheme, in fact, 
differs substantially from its predecessors. Instead 
of the level of Loch Benevian being raised 60 ft., thus 
flooding up to the head of Loch Affric, it is now 
proposed to raise it by not more than 25 ft. This 
should normally restrict the variation in the level 
of Loch Benevian to about 6 ft. in summer and 
12 ft. in winter ; the present natural fluctuation in 
Loch Affric is about 10 ft. A minimum flow of 





15 million gallons a day down the River Affric is 
also to be guaranteed and, in addition, the Board 
have arranged to give a “block guarantee” of 
2,000 million gallons per annum from Loch Benevian, 
which will be used at such times and in such quan- 
tities as agreed with the Fisheries and Amenities 
Committees. Arrangements are also to be made 
for maintaining a flow in the River Cannich. The 
reduction in the storage capacity of Loch Benevian 
will be compensated for by raising Loch Mullardoch 
113 ft., compared with 61 ft. in the 1941 scheme. 
Incidentally, it is hoped that the scheme will reduce 
the present severe flooding in Strath Glass. Connec- 
tions ‘between the power station and substation 
in Glen Afiric will be by underground cable, to 
preserve the scenic amenities. 


CENTENARY OF LANCASTER-OXENHOLME AND 
KENDAL LINEs. 


Sunday last, September 22, was the centenary of 
the opening for traffic of the first completed section 
of the Lancaster and Carlisle Railway, between 
Lancaster and Oxenholme, a distance of 20 miles. 
On the same date in 1846 the first two miles of the 
Windermere branch, between Oxenholme and Ken- 
dal, and constructed by the Kendal and Windermere 
Railway Company, were brought into service. The 
opening of the Lancaster-Oxenholme line brought 
what is now the main L.M.S. west-coast route to 
Scotland to within 50 miles of the border city of 
Carlisle. This remaining length of line was con- 
structed in December, 1846. A contemporary ac- 
count of the opening of the Lancaster-Oxenholme 
line records that there were so many people anxious 
to make a trip in the first train that there was 
insufficient room in the 14 carriages, “and the 
surplus were allowed to ride on the tops.” At the 
time of the opening of the Lancaster and Carlisle 
Railway, Carnforth, which lies between Lancaster 
and Oxenholme and has since become one of the 
most important junctions on the west coast, was 
merely a wayside halt. The principal engineering 
feature between Lancaster and Oxenholme was the 
bridge carrying the railway 60 ft. above the River 
Lune immediately north of Lancaster. The Lan- 
caster and Carlisle Railway commenced at a junction 
with the Lancaster and Preston Junction Railway 
about one mile south of the present Lancaster 
(Castle) station, but with the opening of the latter, 
passenger traffic ceased to use the original Lancaster 
station; it has since been employed as a goods 
station. 

THE ENGINEERING INDUSTRIES ASSOCIATION. 

At @ luncheon meeting of the Engineering Indus- 
tries Association, at the Waldorf Hotel, London, 
on September 18, Sir Frank E. Smith, G.C.B., 
F.R.S., Chairman of the Scientific Advisory Council, 
Ministry of Supply, and President of the Institute 
of Physics, gave an address on “‘ The Future of the 
British Machine-Tool Industry.”  Prefacing his 
remarks with a review of the invention of the steam 
engine and the birth of the machine age, with the 
coincident development of the lathe as the first 
machine-tool, Sir Frank continued his address by 
putting some questions to the engineering industry 
concerned with the design and production of machine 
tools, in the generally accepted sense of the term, 
and with those other machines which, in their special 
applications, are essential to this age of mass- 
production. Comparing the opportunities for indus- 
trial progress to-day with those obtaining during the 
first industrial revolution, he said he was sure that 
with the advances made in scientific and technical 
knowledge, the opportunities of the present were 
far greater. The introduction of the steam engine 
to industry did not bring an end to progress ; 
the great technicians of the past were inspired by the 
principles of producing articles of the same type with 
less effort and of evolving new tools and goods in 
order to create a demand. Today, we were in the 
midst of a much greater industrial revolution, with 
an insistent demand for an increased export of 
manufactured goods, and for an improvement in 
their quality if the standard of living in this country 
were to be maintained. In this connection, he 
asked if the view was being held that further im- 
provements in the machine-tool industry were not 
possible, whether demands for new machines and 
new operations would not arise, and if cutting tools 





alone could not be improved. Sir Frank declared 
that such a position could not be accepted, and 
that, as occurred in the mid-Victorian era, there 
was to-day a very real need to export brains, in 
the shape of new inventions and discoveries, new 
designs and improved quality, so as to make our 
goods superior to those of any other country. 
Emphasising the point that the great discoveries 
of the world have been made by individuals and not 
by co-operative boards, he asked whether the 
machine-tool industry was looking ahead and visua- 
lising the needs of other industries. Referring to 
Board of Trade figures for 1937, which showed an 
export credit balance of 16,000,000/. for electrical 
machinery, compared with a debit balance of 
4,000,0001. for machine-tools, Sir Frank said he con- 
sidered that position to be unsatisfactory. The aim 
of the machine-tool industry should be constant 
improvement in the machines required by other 
industries of this country, so that those industries 
could manufacture on mass-production lines and 
compete with other countries. All machine-tools 
should be regarded as stepping-stones to something 
better and not as suitable for a lifetime, and the 
reduction of the number of operations to the 
minimum should be a primary endeavour. Con- 
cluding, Sir Frank said that the principles of 
mechanism received too little attention in the 
technical schools and universities and that the 
machine-tool should have greater prominence, in 
both the theoretical and practical training of tool 
makers and operators. 


DEVELOPMENT GROUP FOR PHOTO-ELASsTIC STRESS 
ANALYSIS. 

Following upon a letter published in ENGINEERING, 
on page 160, ante, which contained the suggestion 
that a meeting might be arranged to discuss the 
formation of a society in this country for scientists 
and engineers who are interested in the development 
and applications of photo-elasticity, a meeting was 
held at University College, London, on September 6, 
with Dr. D. R. Pye, F.R.S., Provost of the College, 
in the chair. The meeting was attended by about 
60 representatives from academic, industrial and 
Government research establishments, and it was 
decided to inaugurate an informal group with the 
object of exchanging the knowledge and experience 
of its members, and to widen the scope to include 
other techniques of experimental stress analysis. 
The relation of the group to the Institute of 
Physics was discussed, and on the advice of the 
secretary of the Institute, who was present by 
invitation, it was agreed to leave the constitution 
of the group open for the present and to make a 
formal request to the Institute for temporary 
inaugural assistance. Colonel H. T. Jessop, Univer- 
sity College, London, was elected chairman of the 
group, with Mr. E. K. Frankl, Engineering Depart- 
ment, University of Cambridge, as honorary secre- 
tary; and the following were elected to the com- 
mittee: Mr. W. A. P. Fisher, Royal Aircraft 
Establishment, Farnborough; Mr. R. G. Manley, 
Vickers-Armstrongs Limited, Newcastle-upon-Tyne ; 
Mr. C. W. Newberry, L.M.S. Railway Research 
Department, Derby; Dr. S. C. Redshaw, Boulton 
Paul Aircraft, Limited, Wolverhampton ; Mr. D. G. 
Sopwith, Engineering Division of the National 
Physical Laboratory, Teddington; and Dr. J. 
Ward, of Huddersfield Technical College. Research 
workers and others who are interested in experi- 
mental stress analysis are invited to communicate 
with the honorary secretary, Mr. E. K. Frankl, 
at the Engineering Laboratory, Cambridge Univer- 
sity, Cambridge. 

STANDARDISATION OF LOW-PRESSURE DISTRIBUTION 
VOLTAGES. 

In reply to a question in the House of Commons 
on Tuesday, February 12, 1946, the Minister of Fuel 
and Power (the Rt. Hon. E. Shinwell) announcéd 
that it had been decided to adopt 240 volts as the 
standard for low-voltage alternating-current sup- 
plies, subject to a variation of + 6 per cent. He 
had, he said, accordingly asked the Electricity 
Commissioners to discuss with the associations 
concerned the steps that should be taken to effect 
such standardisation. We understand that, while 
these discugsions are still proceeding “a standard 
system of supply” has now been approved by the 
Commissioners for the supply of energy at low and 
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medium voltages. This supply is of alternating 
current at a frequency of 50 cycles per second 
and a pressure of 240 volts, when two single-phase 
circuits are used. For three-wire single-phase 
circuits the corresponding pressures are to be 
480/240 volts, while on four-wire three-phase 
circuits and three-wire three-phase cireuits they 
are to be 415/240 volts and 415 volts, respectively. 
In all cases, these supplies are subject to the per- 
missible variations in frequency and voltage for 
the time being in force under the 1937 Regulations. 
The standard system will apply forthwith to any 
existing alternating-current supplies, which are at 
present being given at these voltages ; and to any 
non-standard electrical systems from the date 
when they are brought into conformity with the 
standard system of supply. It has been agreed 
with the Association that the new standard voltage 
should be adopted forthwith, wherever practicable, 
on new electrical systems. In order to cover cases 
where new non-standard apparatus is in process of 
installation or on order, however, it has also been 
agreed that the application of the new standard 
system shall not be mandatory for twelve months. 
At the same time, the Commissioners emphasise 
the importance of avoiding, if possible, the construc- 
tion of any new non-standard system; and point 
out that where this cannot be avoided the apparatus 
installed should be suitable for use on the standard 
system in due course. It will be seen that a neces- 
sary step has been taken towards standardisation, 
but little progress regarding the standardisation of 


existing non-standard systems can yet be recorded. | ; 


INTERNATIONAL CO-OPERATION IN CIVIL 
AVIATION. 


The developments which have occurred in inter- 
national air transport since the United States- 
United Kingdom Air Transport Agreement was 
concluded in Bermuda, on February 11, 1946, 
were discussed informally during the visit of United 
States aviation officials to the exhibition of the 
Society of British Aircraft Constructors, which was 
held in London, from September 11 to 15, and was 
referred to on page 282, ante. As a result, the 
Ministry of Civil Aviation announce that both 
parties are of the opinion that the principles enunci- 
ated in that agreement are sound, and provide a 
reliable basis for the orderly development of inter- 
national air transport. They also believe that these 
principles provide the basis for a multilateral inter- 
national agreement of the type advocated at the 
meeting of the Provisional International Civil Avia- 
tion Organisation in May. They consequently con- 
sider that the basic principles agreed at Bermuda 
should be followed in negotiating any new bilateral 
agreement with other countries, and that, in parti- 
cular, there should be equal opportunity for operating 
air services on international routes. Machinery 
should also be created to obviate unfair competition 
by unjustifiable increases of frequency or capacity, 
and any arbitrary division of air traffic between 
countries and their national air lines should be 
eliminated. In furtherance of the foregoing, each 
Government is prepared, upon the request of any 
other Government with which it has already con- 
cluded a bilateral transport agreement that is not in 
accordance with those principles, to make such ad- 
justments as may be found to be . Arrange- 
ments have also been completed for setting up the 
machinery envisaged in the Bermuda conversations 
for continuous consultations on civil-aviation pro- 
blems. 








FIRE-EXTINGUISHING TESTS ON FREON.—Trichloro- 
monofluoromethane—better known commercially in the 
United States as the refrigerant Freon 11—can be used 
effectively to extinguish petrol fires and to prevent 
explosions, according to a research report released in 
June by Dr. R. A. Sayers, Director of the United States 
Bureau of Mines. The study covered six inert gases 
and their effects on three different types of petrol. 
Other inert gases tested, and ranked in descending 
order of their effectiveness as flame-quenching agents, 
were dichlorodifluoromethane (Freon 12), dichloro- 
monofluoromethane (Freon 21), carbon dioxide, auto- 
mobile-exhaust gas, and nitrogen. Of the Freon series, 
Freon 21 probably is the most commonly used in refri- 
gerating and air-cooling systems. Freon 11 was the best 
flame-quenching agent among those tested. 





LETTERS TO THE EDITOR. 


THE EFFECT OF RATE OF STRAIN 
ON MILD STEEL. 


To tHe Eprror OF ENGINEERING. 


Sm,—I read with great interest the article on 
“The Effect of Rate of Strain on Mild Steel,” by 
Mr. R. P. Andrew, in your issue for August 23, 
page 171. One of the greatest difficulties with 
tensile-impact tests is to devise a suitable method 
for measuring accurately the stresses produced 
in the specimen during deformation, and any method 
used to measure this quantity is of great importance. 
Therefore, in any article dealing with tensile-impact, 
fullest details should be given of the load-measuring 
device. In Mr. Andrew’s article, however, apart 
from mechanical details, very little information is 
given. The copper crushers were calibrated by 
static loading, and the author has satisfied himself, 
on experimental evidence, that the behaviour of 
the copper during static and impact conditions was 
identical. (The conditions of the tests demand that 
the load-extension diagrams must be identical in 
shape and size under both conditions.) 
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percentage elongation (static tests) 
percentage elongation (high-vel. tests) 
is not only a function of the metal but also of the 
gauge length. Fig. 1, herewith, shows the percentage 
elongation during static and impact tests plotted 
against gauge length. The metal was hot-rolled 
mild steel in the “‘ as-received ’”’ condition, and all 
specimens were cut from the same bar. The 
diameter of the specimen was 0-202 in. and the 
velocity of impact 22 ft. per second, approximately. 

My experimental work* has led me to believe that 
during the straining of mild steel at high velocities, 
the upper yield strength is greater than the “ ulti- 
mate stress,” and at high initial velocities of defor- 
mation, the load-extension diagram is similar to that 
shown in Fig. 2. The results of Lean and Quinneyt 
lindicate that for their high-speed tests (initial 
|velocity zero) the upper yield stress for metal E.B. 
|is greater than the ultimate, although, apart from 
| this, the general shape of the load-extension diagram 
\is similar to that for a static test. It follows, 
|then, that the stress recorded by the copper crusher 
imay be the yield stress rather than the ultimate. 
\This, of course, adds more value to the article, as 
it is primarily the yield stress that is of practical 
importance for engineers. 

The mean stress during deformation may be 
jcalculated from the energy to rupture and the 
| percentage elongation. Table I compares these mean 
|stresses with the other results for the parallel 
' specimens. 
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= 
Initial Yield | U.T.S. Percentage Mean 
Steel Velocity | Stress, Tons Percentage Reduction | Energy, Stress, 
i of Spring, Tons per } r Elongation. ot | Ft. Ib Tons per 
v. sq. in. sq. in. | Area. sq. in. 
be — 
E.B. 0 _ 33-5 26-0 | 69-0 72-7 24°5 
E.B. Static test | 15-2 | 24-9 29-50n 8in. | 69-0 -- - 
E.R. 0 — | 36-9 | 22-9 | 59°3 62-6 | 23-9 
E.R. 9°38 - 33-3 23-2 60-0 69-8 26-3 
E.R. Static test 15-9 23-9 42on2in. | 51-0 2% _ 








Experiments by Ginn,* on a machine similar 
to that used by the author, showed that the strength 
of annealed copper increased with velocity of strain- 
ing; the yield strength from 2-4 tons to 5 tons per 
square inch, and the ultimate from 13-8 tons to 
19-0 tons per square inch. The time for straining 
during the high-velocity test was 0-008 second. 
It will be seen that the increase in these two quan- 
tities is not in the same proportion, so that, not 
only does the magnitude of the strengths increase, 
but the shape of the load-extension diagram is also 
altered. Welter and Morski,t and Clark and 
Datwyler,t found that, for hardened copper, the 
maximum stress, elongation and energy to fracture 
depended upon the velocity of straining. 

A metal having a load-deformation curve which is 
independent of the velocity of straining, would be 
very valuable for experimental work, and details 
of the copper crushers (chemical, mechanical, heat 
treatment, etc.), together with the experimental 
evidence that the load-extension diagram was 
unaffected by the rate of straining, would greatly 
add to the value of the article. 

Comparison of ductility during the static and 
high-velocity tests is difficult, as the gauge lengths 
of the static specimens differed from those used 
during the high-velocity tests. This, however, 
is not serious, as at high velocity of strain the mode 
of deformation is different from that in a static test, 





* Journal of the Institute of Metals, No. 2, vol. 61 
(1937). 

t+ Journal of the Institute of Metals, vol. 76 (1940). 

t American Society for Testing Materials, vol. 38, Part 
II (1938. 


If it be assumed that the load-extension diagram 
is a parabola between the lower yield and fracture, 
and that the load at fracture is equal to the load 
at the lower yield, then the necessary yield and 
breaking stress to account for the low values obtained 
for the mean stresses may be calculated. This, of 
course, is only approximate, but will be sufficiently 
accurate to indicate whether or not the stresses 
recorded represent the ultimate stress. 

Making these assumptions: lower yield stress = 
3 x mean stress—2 x ultimate stress, gives the follow- 
ing values for the lower yield stress, 5-5, —2-1 and 
12-3 tons per square inch, respectively. These are 
impossibly low, and, therefore, it seems that it is 
not the ultimate stress that is measured but some 
stress in excess of it, such as the upper yield stress. 

If this be the case, then the copper crusher suffers 
its maximum compression during the elastic defor- 
mation of the specimen, and not over the much 
greater period of time taken for the ultimate stress 
to be reached. The acceleration of the copper 
crusher and shackle will be considerable, and these 
inertia forces will have to be taken into account: 
maximum load on specimen = load on copper 
crusher + inertia forces. The total deforma- 
tion of the crusher, weight of shackle and the 
estimated time for the upper yield stress to be 
reached would be of interest. 

Mr. Andrew is to be congratulated on providing 
yet another method of measuring the dynamic 





* Inst. of Mech. Eng. Advance copies, Feb., 1946. 
“‘ Change of Mechanical Properties of Mild Steel Under 
Repeated Impact.” 

+ Proc. of the Inst. of Mech. Eng., vol. 135 (1937). 
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strength of a metal, and I hope he will publish 
full details of the copper crushers. Our knowledge 
of the behaviour of metals at high rates of strain is 
by no means complete. Results are often con- 
flicting, or the characteristics of the load-measuring 
devices are not fully appreciated. 

The convening of a national conference of all those 
actively engaged in the investigation of the deforma- 
tion of metals at high velocities would do much 
to provide a stimulus to this field of research which, 
at the moment, is progressing all too slowly, con- 
sidering the practical importance of the subject. 

Yours faithfully, 
University of Sheffield, J. A. Porz. 
Department of Mechanical Engineering, 
Sheffield, 1. 
August 27, 1946. 








THE THEORY OF HEAT ENGINES. 
To THE Eprror oF ENGINEERING. 


Srr,—The alternative method of arriving at the 
critical pressure in a nozzle given by Dr. B. Lloyd- 
Evans in your issue of September 6 last, on page 
232, is a little difficult to follow, and the reasons 
given seem open to serious objections. It is stated 
that the flow will adjust itself for minimum energy, 
but the total energy per unit mass of gas is constant, 
since the initial conditions are fixed, and Bernoulli’s 
law is applied. Since the energy is constant, its 
differential coefficient with respect to any variable 
should always be zero, whether the chosen point be 
at the throat or not. Examination of the equations 
given by Dr. Lloyd-Evans will show that on dif- 
ferentiating, the area A, is treated as a constant 
as T, varies. This can be true only at the throat, 
since at any other point A, has to vary to accom- 
modate a change in T,. Thus it would appear that 
it is not minimum-energy conditions that have been 
used but merely the obvious fact that the walls of 
the throat are parallel for an infinitesimal distance. 
The only real difference from the older method is 
that the temperature is treated as a variable rather 
than the pressure. 

If, on the other hand, the problem is treated some- 
what differently, say, by assuming that the total 
energy of the fluid on its path through the nozzle is 
a variable, then the original temperature T,, will 
also be a variable, and the procedure will be different 
from that given. The energy content of the gas 
flowing through the nozzle is made up of heat energy 
(internal energy and external energy) and kinetic 
energy. The former is continually falling and the 
latter continually rising. Their sum must be con- 
stant, neglecting heat losses to the surroundings, 
but allowing for friction. The rate at which the heat 
falls must also balance the rate at which the kinetic 
energy increases, and therefore the question of 
minimum energy does not arise. 

The use of the slide-rule scale for interpolation on 
the Mollier chart explained in part (a) of the letter 
is new to the writer, and despite the difference 
between the properties of a perfect gas and those of 
steam, a trial has shown the accuracy to be very 


Yours faithfully, 


Municipal Technical College, J. JENNINGS. 


St. Helens. 
September 22, 1946. 





TRAINING IN REINFORCED-CONCRETE CONSTRUCTION. 
—By arrangement with the Reinforced-Concrete Asso- 
ciation, the Northern Polytechnic is repeating the course 
of instruction in reinforced-concrete construction during 
the 1946-47 session, and the first lecture is to be given 
to-day, Friday, September 27. The curriculum comprises 
lectures and laboratory instruction in the properties of 
concrete and of aggregates and cement; the proportion- 
ing, mixing, placing and consolidation of concrete; the 
preparation and fixing of reinforcement ; formwork, and 
the processes of construction generally. The syllabus 
has been drawn up primarily to meet the requirements of 
resident engineers, foremen, clerks of works, and others 
who have had some experience in the industry, and will 
include visits to works. The lecturer will be Mr. L. T. 
Murdock, M.Sc., A.M.Inst.C.E., and the classes will be 
held on Friday evenings. Full particulars may be 
obtained from the Head of the Department of Archi- 
tecture, Surveying and Building, Northern Polytechnic, 
Holloway-road, London, N.7. 





THE INSTITUTE OF METALS. 
(Continued from page 281.) 


Hor-TEARING OF ALUMINIUM ALLOYs. 


CONTINUING our account of the autumn meeting 
of the Institute of Metals, held in London, on 
September 10 and 11, we now deal with the second 
and third papers considered at the first session of 
the meeting on the afternoon of September 10. 

The second paper, which dealt with ‘‘ The Hot- 
Tearing Tendencies of Aluminium Casting Alloys,” 
was by Mr. D. C. G. Lees, of the British Non-Ferrous 
Metals Research Association, who stated that he had 
investigated the proneness of aluminium alloys to 
show cracks due to the restraint of free contraction 
during cooling from the liquid state. As a result 
of hot-tearing tests conducted in sand and in chill 
moulds, it had been found that the most important 
factors determining the susceptibility of alloys to 
tearing were (a) their constitution, particularly 
eutectic content, (b) their grain size, and (c) their 
gas content. The probable tendency of an alloy to 
crack by hot-tearing in castings, or to crack when 
welded under constraint, could be assessed from the 
calculation of the amount of liquid which solidified 
in a form characteristic of a eutectic. This was 
termed the eutectic index. A large grain-size 
would also increase these tendencies, but the pre- 
sence of dissolved gas in the metal would tend to 
neutralise hot-tearing. It was recommended that 
where complicated castings, particularly die-castings, 
were required, in which it was impossible to arrange 
directional solidification to give complete feeding 
and also in order to avoid solidification contraction 
stresses, alloys containing considerable quantities of 
a phase which would solidify in a form characteristic 
of a eutectic should be chosen. In aluminium alloys, 
the presence of appreciable quantities of copper 
and/or silicon (particularly silicon) readily achieved 
this result. The control of the grain-size, which 
should be as small as practicable, was also desirable, 
and where the necessary freedom from hot-tearing 
could not be achieved conveniently by any other 
means, some gas, to be evolved during solidification, 
could be introduced into the metal. 

Mr. A. J. Murphy, who opened the discussion, 
said that hot-tearing in aluminium alloys had been 
a@ very serious embarrassment for several years 
because it was specially liable to occur in alloys of 
high intrinsic strength often specified for highly- 

components performing vital functions. 
When the British Non-Ferrous Metals Research 
Association had begun the work, there was a good 
deal of mystery surrounding the causes of this par- 
ticular proclivity, and a rational basis for ameliora- 
ting it for any proposed alloy was lacking. The most 
important conclusion which emerged from Mr. Lees’s 
work was that the property was basically related to 
the composition or, more correctly, to the constitu- 
tion, and although ameliorative measures could be 
taken by grain-refinement and controlled-gassing of 
a difficult alloy, it was clear that the better course 
was to employ, so far as considerations of strength 
allowed, alloys the composition of which had the 
desired freezing range. In the practical interpreta- 
tion of the work it was important not to lose sight 
of the influence of local porosity in promoting hot- 
tearing, and, in production castings, the tear was 
often located in an area of inter-dendritic porosity. 
Modifications of running methods which remedied 
the porosity would often eliminate the hot-tearing. 
Refinement of grain-size might also reduce the hot- 
tearing, not only by the mechanism which the 
author suggested, but also by improving the local 
soundness. 

Mr. R. W. Ruddie said that further tests carried 
out at the Research Association’s laboratories since 
the completion of Mr. Lees’s work had indicated that 
additions of magnesium to a melt of R.R. 50 alloy 
in order to bring the total magnesium content to 
1-6 per cent. had increased the susceptibility of the 
alloy to hot-tearing. In an endeavour to explain 
the effect of magnesium in increasing the hot-tear 
susceptibility of R.R. 50, some attention had been 
given to the method of calculating the eutectic 
index. In view of the new results obtained, it 
appeared that the method of calculating put for- 
ward in the paper, while quite satisfactory for the 





simpler alloys containing copper, iron and silicon 
only, was not applicable to the more complex alloys. 
These criticisms did not detract from the value of 
Mr. Lees’s important contribution to our knowledge 
of hot-tearing. ‘Tue general conclusion that the 
resistance to hot-tearing of aluminium alloys was 
dependent on the amount of eutectic present must 
be regarded as well established. The calculation of 
the true eutectic indices, however, was a matter of 
extreme difficulty and much further work on the 
metallography of complex alloys under non-equili- 
brium conditions would be necessary before it would 
be possible accurately to compute these indices. 

Mr. P. C. Varley emphasised that the whole 
phenomenon of hot-tearing, as defined by the author, 
was due to the differences in the feeding properties 
of the various alloys when molten. While it was 
undoubtedly true that differences of behaviour 
between different alloys were due to varieties in the 
amount of eutectic available, as shown by the 
eutectic index, he maintained that troubles due to 
hot-tearing in any particular casting could often be 
overcome by altering the mould design so as to 
ensure proper feeding of the part of the casting 
affected. A subsequent speaker, Mr. G. D. Chap- 
man, said that one of the most troublesome of the 
aluminium alloys from the aspect of hot-tearing 
was the 4 per cent. copper alloy. While engaged in 
the production of a certain intricate aircraft casting, 
he had had occasion to carry out a radiographic 
examination before heat-treatment. Cracks had 
been appearing in the casting after heat-treatment, 
and it had been supposed at first that the cracks 
were caused by stresses developed during quenching. 
The radiograph taken before heat-treatment, how- 
ever, had shown a crack-like defect in exactly the 
same area as showed cracks after heat-treatment. 
The casting had been cut up and sectioned and a 
micro-specimen had been solution heat-treated. This 
had shown that while most of the eutectic had 
remained undissolved, a proportion of it had dis- 
solved and diffused, leaving a series of cavities. 
Another interesting feature was that the eutectic, 
which flowed in to “ heal” the hot-tear contained a 
large proportion of the impurities contained in the 
original melt. He therefore recommended the 
application of radiography to highly-stressed cast- 
ings in hot-short alloys before heat treatment, at 
least while the casting was in the development stage. 

Mr. O. R. Smith referred to an investigation made 
in the Research Division of Aluminium Laboratories, 
Limited, Banbury, using apparatus similar to that 
described in the paper, to ascertain whether certain 
impurities affected the hot-shortness of an alloy. 
The results of the melts, Mr. Smith said, had been 
grouped in tables showing the temperature range, 
405 deg. to 305 deg. C., in steps of 20 deg. C., the 
number of samples poured, and the number of 
fractured castings in each range. There was no 
clear-cut temperature above which cracking did not 
occur, but a gradual increase in the percentage of 
fractures. Although Mr. Lees had stated that no 
sound castings could be obtained when using Noral 
226 alloy in his 14 in. diameter mould at tempera- 
tures between 200 deg. and 400 deg. C., that alloy 
had been the one used in the work, and sound cast- 
ings had been obtained at temperatures as low as 
300 deg. C. Very stringent standardisation of 
technique was essential to ensure reproducibility of 
results, for it was found that, in addition to gas 
content and grain-size, slight variations in casting 
temperature, rate of pouring, temperature gradient 
within the die, condition of die surface, and interval 
before stripping the die, affected the results. The 
findings indicated that statistically significant trends 
in hot-shortness characteristics due to impurities 
could be discerned, but the test still remained 
insufficiently sensitive for easy discrimination. 
While it was of value in detecting major differences 
in behaviour, a more sensitive test was required to 
determine the effect of minor elements on hot- 
shortness characteristics. 

Dr. E. Scheuer said that it was surprising that a 
comparatively simple concept, the proportion of 
eutectic in the total volume of metal, gave a good 
practical classification of the alloys considered 
with respect to a complex phenomenon such as 


.hot-tearing. His colleague, Mr. C. 8. Campbell, 


and he had always been guided by the idea 
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that the temperature interval over which the 
friable state existed was of great importance. They 
had reasoned that the thermal contraction which 
produced the stresses leading to the hot tearing 
would have the more opportunity to operate the 
greater the temperature range in which the friable 
state of the metal was maintained. 

In a brief reply to the discussion, Mr. Lees stated 
that he was particularly indebted to Mr. Ruddle 
for his suggestion concerning the necessity for incor- 
porating the magnesium factor in the eutectic 
index calculation. He linked up the question 
raised by Mr. Murphy, as to the possible association 
between porosity and hot-tearing, with Mr. Varley’s 
remarks concerning the possibility of avoiding 
hot-tearing by the redesign of the mould. As both 
feeding and hot-tearing, or the healing of hot- 
tears, involved the flow of residual liquid, and as 
this was known to be controlled by temperature 
gradients, it was not surprising that hot tearing 
might sometimes be associated with porosity ; 
neither was it surprising that it could be obviated 
by a redesign of the mould, particularly the gating 
and feeding arrangements. 


APPLICATION OF THERMODYNAMIC PRINCIPLES TO 
Liqguipus SURFACES oF ALLOys. 


The iast paper considered on Tuesday afternoon 
was a contribution from the Research Laboratories 
of the British Aluminium Company, Limited, by 
Mr. H. W. L. Phillips, entitled ‘‘ The Application of 
Some Thermodynamical Principles to the Liquidus 
Surfaces of Alloys of Aluminium with Magnesium; 
Silicon and Iron.” The author stated that, during 
recent years, several papers had been published in 
which some of the fundamental equations of thermo- 
dynamics had been applied to data derived from 
constitutional investigations on alloy systems. In 
the present investigation, the thermodynamical 
equations connecting the concentrations of the 
liquidus and solidus of perfect solutions with latent 
heat and temperature, had been applied to various 
binary, ternary and quaternary alloys of the system 
aluminium-magnesium-silicon-iron. In all cases, 
the solutions fell short of ideality, but there appeared 
to be some degree of association in the liquid phase. 
Application of the principles of mass action to the 
separation of intermetallic phases showed that it 
was not always possible to predict the composition 
of a phase from the graph of its liquidus isothermals, 
but the linearity of the curve connecting the 
logarithm of the solubility product with the recip- 
rocal of the absolute temperature suggested that 
greater use might be made of such methods for veri- 
fying experimental data, and for limiting the number 
of experimental determinations required to plot 
liquidus surfaces in complex alloy systems. In these 
systems it was impossible to calculate solidus 
co-ordinates from a knowledge of the liquidus 
co-ordinates and of the latent heat. 

There was no discussion on this paper and the 
President adjourned the meeting until 10 a.m. on 
the following day, Wednesday, September 11. 

On the morning of this day, two simultaneous 
sessions -were held at the Institution of Civil Engi- 
neers, one in the lecture theatre and the other in 
the south reading room. The papers presented at 
the sessions in the south reading room referred to 
various characteristics and properties of alloys of 
copper, tin and other heavy metals, while, at the 
session in the lecture theatre, with which we propose 
to deal first, the papers taken concerned aluminium 
and other light alloys. 


AGEING AND COLD-WORKING OF A COPPER- 
ALumrnium ALLOY. 


The first two papers were presented by Dr. 
Marie L. V. Gayler, the first dealing with “ The 
Ageing of a High-Purity, Aluminium Alloy Contain- 
ing 4 per cent. of Copper” and the second with “The 
Cold-Working of a High-Purity Aluminium Alloy 
Containing 4 per cent. of Copper and its Relation to 
Age-Hardening.”” When presenting the first paper, 
Dr. Gayler stated that a study of the changes in 
microstructure which took place on ageing, at room 
temperature and at 130. deg. C., a high-purity 
aluminium alloy containing 4 per cent. of copper, 
which alloy had been cooled at different rates from 
the solution heat-treatment temperature, had been 





correlated with the accompanying changes in Brinell 
hardness. Decreasing the rate of quenching had a 
pronounced effect on the subsequent ageing at room 
temperature ; but at 130 deg. C. the ageing curves 
differed from each other only in the early stages. 
The evidence obtained proved that the age-hardening 
of these alloys was due to the precipitation of copper 
or copper-rich particles and to the simultaneous 
formation of crystallites of the aluminium solid 
solution stable at the temperature of ageing, and 
not to the precipitation of either «- or 8-CuAl,. 

In submitting the second paper on the cold 
working of the alloy in relation to age-hardening, 
Dr. Gayler stated that the data obtained allowed 
the following conclusions to be drawn. In the first 
place, cold work accelerated the rate of ageing by 
an amount determined by the degree of cold work 
given. Secondly, microstructural changes had 
shown that the effect of cold work on a quenched 
specimen was to bring it into the fully-aged state 
normally produced by ageing at room temperature. 
Thirdly, lattice strain caused by cold work had been 
shown to be relieved by the formation of sub- 
microscopic crystallites and, simultaneously, sub- 
microscopic precipitates of copper-rich particles. 
Finally, some of the results obtained, and the obser- 
vations of other investigators, could be explained 
on the assumption that the mechanism of the relief 
of strain caused by cold working was similar to that 
which occurred in relief of strains set up during 
age-hardening, namely, by the formation of crystal- 
lites. 

The discussion was opened by Mr. H. G. Warring- 
ton, who stated that the mechanism of ageing in 
aluminium alloys had considerable bearing on the 
development of alloys for service at elevated tem- 
peratures, and was probably of greater interest in 
that respect than in connection with the attainment 
of high mechanical properties for structural pur- 
poses. The life of a gas-turbine compressor com- 
ponent was obviously limited by the completion of 
precipitation and ultimate softening of the alloy 
in the three stages of age-hardening, ** over-ageing,” 
and annealing. The temperature attained in such 
compressors, the components of which were mainly 
wrought-aluminium alloys, were in the upper region 
of age-hardening, and curves recently published by 
Dr. 8. G. Hooker demonstrated the benefits, in 
engine efficiency, of higher compressor temperatures. 
Some of the components for which wrought alu- 
minium alloys were needed were of such size and 
involved such variation in section that quenching 
in cold water after solution treatment was prohibited 
on account of the development of internal stresses, 
which were frequently of such a nature that the 
component would actually fracture. In any case, 
serious distortion might result. The author’s work 
on varying quenching rates should throw useful 
light on the kinetics of subsequent precipitation. 
The information provided by Dr. Gayler in her 
second paper, on the effect of cold work on ageing, 
should make it possible to produce components 
having very high mechanical properties and stability 
at high temperatures coupled with low internal 
stresses. 

Dr. W. H. J. Vernon said that he hoped others 
would be encouraged to use the tarnish-etch method 
adopted by the author. Dr. Gayler had attributed 
to him the opinion that moist H,S had a much 
slower effect than the dry gas. For H,S it would be 
better to say “air containing a small concentration 
of H,S,” and the word “ moist” should indicate 
conditions such that a film of moisture was enabled 
to form on the metal surface. The characteristic 
tarnishing effect was a metal-gas reaction and the 
film of moisture merely acted as a barrier. The 
next speaker, Dr. N. P. Allen, stated that it was 
noticeable that, in a number of precipitation- 
hardening systems, the phenomenon of a shadowy 
band along the grain boundary very often occurred, 
and it was frequently associated with peculiarities 
of properties. In the paper by McLean and North- 
cott on antimonial 70:30 brass, presented at the 
meeting on the previous day, these authors had 
found a precipitate in the boundary, or at least a 
phenomenon in the boundary of a continuous type. 
It was noticeable that the brittleness with which they 
were troubled was associated with this particular 
stage of the precipitation phenomena ; consequently, 





one would like to know a great deal more of what 
was happening at the boundary. 

Dr. W. O. Alexander doubted whether the 
author’s suggestion, that the slow ageing of the 
air-cooled specimens might be due to precipitation 
during cooling, could be sustained, in view of the 
fact that, on ageing at 130 deg. C., maximum hard- 
ness was developed. Asking what precautions were 
taken against over-heating during rolling, he said 
that it seemed quite easy for the temperature of the 
specimen to rise during a cold-working operation, 
and this might lead to accelerated ageing. In fact, 
it was possible to get some remarkable effects in that 
way. The last speaker, Dr. H. O’Neill, commenting 
on the author’s general conclusion that age-harden- 
ing was due to precipitation, suggested that a dis- 
tinction between the words “segregation” and 
“* precipitation ”’ was required. Since the whole 
range of hardening occurred without lattice change, 
the word “ precipitation ’’ seemed inappropriate. 

In a brief answer, Dr. Gayler said that, with regard 
to the general theory of discontinuous-continuous 
precipitation, she hoped, in the near future, to 
present another paper to the Institute on the age- 
hardening of silver-copper. This was another in- 
teresting system, in which the continuous and dis- 
continuous precipitation were both linked up. Her 
view was that the continuous precipitation was that 
which took place at elevated temperatures, and that 
it occurred at a definitely critical temperature. On 
the other hand, the discontinuous precipitation took 
place at comparatively low temperatures. 


INTERNAL STRESSES IN HEAT-TREATED ALUMINIUM. 


“Control of Internal Stresses in Heat-Treated 
Aluminium Alloy Parts,” by Mr. L. E. Benson, of 
the Research Department, Metropolitan-Vickers 
Electrical Company, Limited, was the next contribu- 
tion considered. In presenting his paper, the author 
stated that serious internal stresses might develop 
in aluminium-alloy parts on quenching after solu- 
tion treatment. His results had shown that the 
stress system developed on water-quenching wrought 
aluminium-alloy parts in D.T.D. 410 was substan- 
tially unaffected by the subsequent precipitation- 
hardening treatment, since the temperature was ordi- 
narily too low for stress relief to occur and since 
precipitation hardening was not accompanied by 
appreciable volume change. There were two possible 
methods of reducing quenching stresses by modifying 
the heat-treatment procedure, namely, the treated 
part might be given a final stress-relieving treatment, 
or the quenching might be made less drastic as, for 
instance, by increasing the temperature of the 
quenching water. The former procedure would 
probably be carried out most conveniently in prac- 
tice by increasing the precipitation-hardening tem- 
perature, but the latter method appeared to be 
preferable for general engineering applications since 
it involved the least sacrifice of tensile strength and 
elastic properties. 

The discussion was opened by Mr. J. D. Grogan, 
who mentioned two further methods of reducing 
quenching stresses. One, he said, was by the use 
of oil instead of hot water, and the other was due 
to Dr. A. von Zeerleder, and involved the imposition 
of a small plastic deformation on the heat-treated 
material. This, of course, could not be applied to 
parts finished to shape, but it should be applicable 
to parts subject to machining. The next speaker, 
Mr. G. Forrest, said that for many years various 
aluminium-alloy parts had, in fact, been quenched 
in hot ‘water or oil for precisely the reasons for 
which the author had recommended it. Internal 
stresses, however, were frequently introduced by 
methods other than quenching, and in those cases 
they were very much more difficult to deal with. 
Professor L. Aitchison, who spoke next, said that 
the remedies put forward by the author had been 
suggested many times in the past. He was inclined 
to disagree with the assumption that during the 
precipitation treatment the material was not 
relieved of stress. His own experience was that, if 
precipitation were carried out for a reasonable 
length of time, there was undoubtedly a relief of 
the strains which were locked up in the material. 

Mr. R. J. M. Payne referred to some work carried 
out by Messrs. J. Stone and Company, Limited, on 
cast materials of magnesium and aluminium base, 
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the purpose being to remove the effects of stresses 
derived from the casting process itself as well as 
from heat treatment. The work had brought out 
dearly the relationship between annealing tem- 

rature, annealing time and the amount of stress 
relief achieved. Test specimens of cast magnesium 
alloy in the form of rings were used, and it became 
quite clear that, for each given temperature, there 
was some level of stress which could not be reduced 
within a reasonable time. It was clearly more 
advantageous to increase the temperature than the 
time. The results with the magnesium test pieces 
were particularly interesting, for the material had 
very poor resistance to creep, even at temperatures 
of the order of 150 deg. C. Nevertheless, it required 
two hours’ treatment at 330 deg. C. to effect a useful 
degree of stress removal. This being so with mag- 
nesium, it was not surprising that with aluminium 
alloy R.R.56, a really useful degree of stress removal 
was not achieved at temperatures of the order of 
200 deg. C. At the same time, it was unlikely that 
no removal of stress was achieved at that tempera- 
ture. The author was right to conclude that it was 
better to avoid putting stresses into a casting than 
to put them in and subsequently attempt to remove 
them, provided that satisfactory mechanical pro- 
perties could be developed by the treatment favoured. 
In that connection, he noted that all the tests on 
the material quenched in warm or hot water showed 
very poor values for elongation for a wrought 
material, and a metallurgist could not feel satisfied 
with a treatment which gave those values. 

In a brief reply, Mr. Benson said that as to the 
suggestion that it might be feasible to produce some 
real degree of stress relief at a precipitation-harden- 
ing temperature, he did not think this possible. It 
was known from work on creep that the stress relief 
involved was a kind of creep effect, and that to get 
an effective result it was necessary to have a time- 
temperature relation which was beyond anything 
which could give optimum hardening. 


INVERSE SEGREGATION IN MaGnestum ALLoys. 


The next paper on the agenda was by Mr. R. J. M. 
Payne, of Messrs. J. Stone and Company, Limited, 
and dealt with ‘* Inverse Segregation in Cast Mag- 
nesium Alloys.” The author stated that inverse- 
segregation effects had been observed in magne- 
sium-alloy castings, namely, ingots and sand and 
die castings, of the compositions ordinarily used 
in the foundry—essentially magnesium-aluminium 
alloys containing from 8 to 10 per cent. of alu- 
minium. The resulting enrichment of the surface 
layer of cast parts with alloying elements and 
impurities raised difficulties of a practical nature 
by interfering with the development of chromate 
films of normal colour. Using the R.A.E. half-hour 
hot-chromate bath, the effects were particularly 
marked, segregated castings acquiring an unattrac- 
tive, “‘ piebald ’’ appearance. It had been ascer- 
tained that the grain-size of the material, the rate 
of cooling in the mould, and the presence of thermal 
gradients were the main factors governing the 
appearance of these segregation effects. In segre- 
gating, the aluminium was generally accompanied 
by other elements present as minor alloying additions 
or as impurities ; silicon, in particular, which was 
present in the alloy as magnesium silicide, might 
be strongly segregated at the surface of the casting 
and make its presence manifest by its bright blue 
colour. 

Mr. F. A. Fox, who opened the discussion, stated 
that inverse segregation was a well-known pheno- 
menon in magnesium-alloy pressure die castings. 
The author had shown that, for sand castings, pre- 
vention was the only course to attempt. For 
die-casting work, where the grain size was not 
sufficiently small or where cooling conditions were 
likely to cause segregation effects, it might be 
possible to control or mitigate them somewhat by 
manipulation of the mould wash. The next speaker, 
Dr. N. P. Allen, said that all agreed that inverse 
segregation was due to the eutectic liquid seeping 


_ outwards, but the question of the force at work was 


not so clear. With die casting it was easy to see 
what that force might be, but with sand casting 
something else seemed to be required. He won- 


dered whether there had been any investigation 
‘of the connection between the amount of inverse 





segregation and the amount of porosity at the 
centre of the casting, because this might throw 
some light on the question of whether gas was or 
was not concerned. 

Mr. A. J. Murphy said that it was difficult to 
believe that gas must always be the influence which 
moved the liquid, and from his experience he was 
impressed by the number of cases in which the 
segregate had found its way into a very restricted 
space ; it might be a narrow crevice, the space left 
between a partly-solidified casting and the wall 
of the mould, or it might be a shrinkage cavity or a 
hot tear. One suggestion was the possibility that 
capillary force drew the liquid through the cellular 
framework into a hot tear, or other restricted space. 
On the other hand, exudation on the open surface 
could hardly arise from the same cause ; this might 
be evidence of gas. The next speaker, Mr. R. 
Chadwick, felt fairly confident that gas must play 
a part in surface exudation. Experimental work, 
on bronzes and alloys of the Duralumin type, he 
said, proved amply that the removal of gas effec- 
tively eliminated the surface segregation. He was 
led to the conclusion that there were two types of 
segregation in Duralumin-type ingots. There was 
the surface segregation due to the flow of liquid 
through gaps in the columnar crystals, and, inside 
the ingot, there was the segregation in the structure 
itself, which he felt sure could be ascribed to the 
mode of growth of the columnar crystals. 


The author intimated that he would reply in 
writing. 


Corrosion oF Licut-ALLoYy RIVvETs. 


The last paper taken at the meeting held in the 
lecture theatre was by Mr. G. J. Metcalfe, of the 
Royal Aircraft Establishment, Farnborough, Hamp- 
shire, and dealt with the “ Intercrystalline Corro- 
sion of Aluminium-Magnesium Alloy Rivets.” The 
author stated that a number of service failures in 
aluminium-alloy rivets containing 7 per cent., and 
5 per cent. of magnesium had occurred in certain 
aircraft and these were attributed to inter-crystalline 
corrosion, probably accentuated by stress. Nor- 
mally, aluminium-alloy rivets containing 5 per cent. 
of magnesium were not susceptible to intercrystalline 
corrosion, but it had been found that when they 
were subjected to tropical temperatures for long 
periods grain-boundary precipitation of the B-phase 
of the alloy system occurred in the form of a con- 
tinuous network which rendered the rivets suscep- 
tible to intercrystalline attack. The cold-working 
of the rivets before heating at tropical temperatures 
was found to cause grain-boundary precipitation of 
the 8-phase to take place more readily. Low-tem- 
perature stabilising treatments had been found to 
be unsuccessful in preventing grain-boundary pre- 
cipitation. 

The discussion was opened by Dr. H. Sutton, who 
said that the material of the 5 per cent. magnesium- 
alloy rivets was basically a good and popular 
material, and its general corrosion resistanc was 
high. Its performance under stress was also very 
good. The one bad feature of the material, however, 
was its liability to fail under stress corrosion which 
produced the ‘“‘roguish” results to which the 
author had drawn attention. This’ temperamental 
behaviour of light alloys could probably be accounted 
for if all the circumstances were known, but this 
was a difficult matter. Published literature sug- 
gested that the addition of 1 per cent. of zinc had an 
effect in the case of the 8 per cent. magnesium alloy. 
This seemed a profitable way in which to approach 
the general problem of how to increase the perform- 
ance of magnesium-bearing aluminium-rich alloys. 
The only other speaker, Professor A. von Zeereeder, 
said that his experiments, in agreement with those 
of the author, had shown that Peraluman 5, con- 
taining 5 per cent. of magnesium, like alloys having 
higher magnesium contents, was susceptible to inter- 
crystalline corrosion when tempered at low tem- 
peratures. Further, he agreed with the author that 
cold working, preceding tempering, resulted in a 
highly increased susceptibility to corrosion. 

Further contributions to the discussion in writing 
were invited, and owing to the advanced hour the 
session was terminated. 


(To be continued.) 





THE RUCHAZIE RESERVOIR, 
GLASGOW. 


At the invitation of the Glasgow City Corporation, 
a party of some 60 members of the Glasgow and District 
Association of the Institution of Civil Engineers visited, 
on September 21, the new Ruchazie reservoir, now well 
advanced towards completion. The party, which was 
headed by Dr. Charles M. Moir, the acting secretary of 
the Association, was conducted over the works, in the 
unavoidable absence of: Mr. Stanley D. Canvin, 
M.Inst.C.E., the City Water Engineer, by Mr. W. B. 
Macfarlane, A.M.Inst.C.E. (chief assistant engineer) 
and Mr. T, Young (secretary and treasurer of the Water 
Department). On the conclusion of the visit, the 
members returned to Glasgow, where they were received 
by Councillor Mrs. F. M. Morrison, Convenor of the 
Water Committee, and were entertained to tea. 

The Ruchazie reservoir, which will have a capacity of 
6,000,000 gallons, is being constructed by Messrs. Mel- 
ville, Dundas and Whitson, Limited, of Glasgow, to the 
designs of Messrs. F. A. Macdonald and Partners (Glas- 
gow), Limited. Work began on the site, which is about 
four miles east of the city centre, in August, 1945, and 
the contract is due for completion before the end of the 
present year. The ground level is 317 ft. above 
Ordnance Datum ; that is, some 60 ft. below the level 
of Loch Katrine, from which the main water supply to 
Glasgow is obtained. In plan, the reservoir measures 
242 ft. 3in. by 175 ft. 6 in., and the depth is 25 ft., of 
which 5 ft. is below the ground level of the site. The 
construction is of reinforced concrete, the floor being 
formed of panels 8 in. thick, measuring 36 ft. square, 
and the walls in panels 18 ft. wide, which are 2 ft. thick 
at the base and 9 in. thick at the top. Each wall panel 
is concreted continuously to its full height. The roof, 
of flat slabs, 8 in. thick, is supported by 140 columns, 
15 in. square in section. The walls and floor are of a 
1: 2: 2 concrete, and a 1 : 2: 3 mix is used for the roof 
and columns. Steel shuttering is being employed for 
the wall panels, and the concrete is placed by a pump, 
driven by a 35-h.p. Diesel engine, at the rate of 10 cub. 
yds. an hour. The reservoir will be supplied through 
a 36-in. main from Buchley Farm, near Bishopsbriggs, 
and the water will be distributed through a 30-in. main 
to Shettleston, Tollcross, Springboig, Rutherglen, Burn- 
side and adjacent areas. It is estimated that the aver- 
age daily consumption distributed through the Ruchazie 
reservoir will be about nine million gallons, but the 
system will be able to deal with a quantity up to about 
124 million gallons daily. 








INLAND SHIPBUILDING IN THE 
UNITED STATES. 


AN interesting example of inland shipbuilding, that 
is, at a river site some distance from the sea, is the 
construction of an auxiliary repair dock by Messrs. 
Dravo Corporation, at its Neville Island Plant, Pitts- 
burgh, Pennsylvania, U.S.A., to the design of the 
Bureau of Yards and Docks, United States Navy. The 
site is on the Ohio River, its distance from the sea 
being indicated by the fact that the lock, in transit to 
New Orleans, had to negotiate some 45 locks. The 
dock is of the open-ended double-wall type and has 
a lifting capacity of 6,000 tons. The overall length 
is 448 ft. and the overall width is 97 ft., the docking 
chamber being 73 ft. wide. The walls are each 12 ft. 
wide and are taid out as living quarters for 7 officers 
and 130 men, with machine and repair shops, and rooms 
for pumping plant, distillation plant, Diesel-electric 
generator sets for light and power, and sanitary plant. 
The depth to the top of the walls is 45 ft. The dock 
was constructed on a slip at a slope of 1} in. in 12 in., 
and was launched sideways, that is, with its wall faces 
parallel to the river, in which there was sufficient water 
to float it in the unloaded condition. In order to 
carry out the necessary submergence tests for loading, 
the river bed, however, had to be excavated by floating 
grab cranes over an area of 500 ft. by 150 ft. Sub- 
mergence and raising are effected by the flooding and 
emptying of 16 tanks, each of which has an independent 
pump. The controls for pumping are grouped at a 
single central station with a tank water-level indicating 
device, so that simultaneous operation of all the pumps 
can be effected to keep the dock and its load, as a 
whole, on an even keel. 

The walls each carry a travelling crane with a fully- 
rotating jib. The dock was constructed by but 
welding, automatic welding being employed to a 
large extent in the sub-assemblies completed in the 
shops. Little external scaffolding was used during the 
building operation, internal scaffolding being welded 
in place as the work progressed and removed prior to 
launching. The erection of the side walls was mainly 
done by a fully-revolving travelling jib crane running 
on rails laid on a level wooden cribbing erected on the 
deck of the bottom member, which was, of course, 
lying at an angle. 
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SCIENTIFIC ELECTRICAL 
MEASURING INSTRUMENTS. 


A COMPANION report to that on industrial electrical 
measuring instruments, dealt with on page 234, ante, 
has been prepared on scientific electrical measuring 
instruments by Mr. D. C. Gall and is published in 
the Journal of the Institution of Electrical Engineers 
for August, 1946. This states that, during the last 
six years, the progress of scientific instruments has 
shown general tendencies in certain definite direc- 
tions. Electrical methods of measurement now extend 
into nearly every section of physics and enable many 
measurements of non-electrical quantities to be made 
with greater facility and ‘accuracy. This extension 
of electrical methods has come about very largely 
as the result of the use of electronic devices, particu- 
larly photo-electric cells, cathode-ray oscillographs, 
and valve amplifiers. The last six years have also 
seen both the range of radio-frequency measure- 
ments extended into the centimetre wavelengths and 
the advent of a great many new types of electronic 
valves for use at these extremely high frequencies. 
Thermocouples for use at ultra-high frequencies, crystal 
rectifiers of minute dimensions, and diode rectifiers for 
centimetre-wave frequencies are now available for use 
in measuring apparatus. 

An example of the extension of electrical methods to 
non-electrical measurements is their wide application 
to chemical analysis. The principal instruments which 
have been developed for this purpose are the polaro- 
graph, absorptiometers for measurement of absorp- 
tion in the infra-red, visible and ultra-violet ranges, 
and fluorometers, which measure the excitation of 
visible radiation when ultra-violet is absorbed by 
certain substances. In addition, many new instru- 
ments have been developed for the measurement of 
pH values, particularly by means of glass electrodes. 
The development of the resistance strain gauge has 
facilitated the measurement of very localised strains 
on every type of machine and structure. One of the 
most notable devices which has been developed to 
facilitate accurate measurement, is the voltage stabi- 
tiser. These are made for both alternating and direct- 
eurrent circuits, and overcome many of the difficulties 
which were previously encountered with fluctuating 
sources of supply. They work on various principles, 
mostly electronic. 

Both alternating-current and direct-current ampli- 
fiers have shown great advances. The former, which 
are widely used for alternating-current bridge measure- 
ments, in conjunction with cathode-ray oscillographs or 
tuning indicators, can be made to cover, with good 
stability, a very wide frequency range on tuned or 
untuned circuits with controllable amplification, capabie 
of dealing with a few microvolts input with gains of up 
to120db. In connection with direct-current amplifica- 
tion a number of purely electronic amplifiers have been 
developed, which depend either upon interrupting the 
direct-current output and amplifying it as alternating 
current, afterwards rectifying it and using negative 
feed back for stabilisation ; or upon non-linear input 
circuits, which are balanced for alternating current, 
but are unbalanced by the applied direct-current, 
thereafter following conventional amplifier lines. A 
further direct-current amplifier has been developed, 
using a galvanometer and photo-cell input and giving a 
rectified alternating-current output proportional to the 
applied input. Direct-current amplifiers are now 
available giving continuous ink records of a few micro- 
volts with relatively high input resistance or, alter- 
natively, recording currents as low as 10-° ampere 
with low input resistance. One amplifier has been 
described giving a full-scale record with an input of 
only 0-2 microvolt. 

Valve voltmeters for the measurement of small 
alternating-current voltages have been developed in 
great variety, and applied to many special purposes 
where the voltage across a circuit is the measure of 
some quantity, such as the dryness of a fabric, timber 
or grain; and the voltmeter can thereby be made 
to indicate the moisture content or some other property. 
The performance of this type of precision valve volt- 
meter is still limited, however, by the instability of the 
valves. One interesting type is used in iron testing 
in place of the purely electrostatic instrument. It 
consists of a single- or double-stage valve amplifier 
operating an ordinary moving iron alternating-current 
voltmeter. Negative feed back from the voltmeter 
circuit increases the input impedance to several meg- 
ohms without loss of accuracy. The robust alternating- 
current voltmeter thus becomes a high impedance 
low-loss circuit. 

Magnetometers have been developed for measuring 
and recording. The application of photo-cells is so 


wide that there is hardly a branch of ecientific measure- 
ment to which they have not penetrated, either as 
part of the measurement directly, or indirectly as part 


LABOUR NOTES. 


COMMENTING upon the Government’s revised steel 
policy, the writer of the editorial notes in the September 
issue of Man and Metal, the journal of the Iron and 
Steel Confederation, says :—‘‘ No reflection is cast on 
the Government by adopting a new approach to public 
ownership. Second thoughts are not to be deplored 
when the future of a basic industry is under considera- 
tion. What we have witnessed in the fresh approach 
is not something new and quite unprecedented; on 
the contrary, we have simply experienced another 
example of that realism and sturdy commonsense which 
has characterised the entire Labour Movement since its 
very beginning. The Government, by changing their 
approach, have cleared a path for a real advance. The 
rapid, planned development of the iron and steel indus- 
try is now possible, which, at the same time, the Govern- 
ment, without sacrificing the principle of nationalisa- 
tion, have allowed themselves time really to think out 
their nationalisation ideas in relation to the complex 
problem presented by this industry. Thus, by chang- 
ing their attitude, the Government have removed the 
risk which faced them of more haste less speed.” 





In the course of his address at Southport last week 
to the annual delegate meeting of the Amalgamated 
Union of Foundry Workers, Mr. William Wallace, the 
president, said that, if it was the desire of the employers 
to rebuild the forces in the foundries, and to induce boys 
to come in as apprentices, they would have to recognise 
that the foundry worker was a human being. Unless 
there was a complete overhaul of the whole system of 
prices fixed in the foundry, there would be, in his 
opinion, a continual flow from it. 





A composite resolution on holidays with pay, and 
the 40-hour week, which was adopted, suggested that 
the latter could be obtained in stages in conformity 
with the production needs of the Government’s recon- 
struction programme. Mr. Rhodes, the organiser for 
Lancashire, in a contribution to the discussion on it, 
said that a large combine in his area, Messrs. Textile 
Machinery Makers, Limited, had operated the 42} hour 
week for a considerable time, and that 99 per cent. of 
its employees worked on individual piecework. When 
the undertaking introduced the five-day week, its piece- 
work prices were increased by 15 per cent. to com- 
pensate piece-workers for any possible loss in not work- 
ing on Saturday morning. The fact was, he claimed, 
that the piece-workers gave the same production in 
424 hours as they used to give in the 47-hour week, 
‘so that the 15 per cent. was on top of their 47-hour 
week wage.” 





In a letter to the Manchester Guardian, Mr. Stanley 
H. L. Greaves, managing director, Textile Machinery 
Makers, Limited, said that Mr. Rhodes ‘‘ must have 
been wrongly informed, as piece-work prices which had 
been current for the 47-hour week were not increased 
when the working hours were reduced to 424.” 





The membership of the Amalgamated Engineering 
Union at the end of August was 761,190—a decrease 
of 316 as compared with the total at the end of July. 
During the month, 5,457 members received sick benefit 
—a decrease of 126—and 17,397 superannuation pay- 
ments—an increase of 96. Unemployment benefit was 
paid to 2,030 members—a decrease of 193—and the 
total number of unemployed members was 5,202—a 
decrease of 160. 





Mr. Tanner reports, in the Septembe1 issue of the 
Amalgamated Engineering Union’s Journal, that 
arising from the recent wages agreement, a joint com- 
mittee representative of the Engineering and Allied 
Employers’ National Federation and the National 
Engineering Joint Trades Movement, met recently to 
discuss the questions of the industry’s wage struc- 
ture, and the shorter working week. Views were 
exchanged, he says, and the meeting was adjourned 
to enable the employers to consider the proposals of 
the unions. A further meeting was held yesterday. 


A meeting attended by representatives of the 
Engineering and Allied Employers’ National Federation 
and representatives of the National Engineering Joint 
Trades Movement, held on August 14, discussed the 
following items: (1) a claim that the N.E.J.T.M. 
should negotiate on behalf of foremen and staff grades; 
(2) the establishment of a status with a recognised 
apprenticeship and standard rates for welders ; (3) an 
increase in the wage scale of apprentices, boys and 
youths. At the end of the discussions, Mr. Tanner says, 
the employers asked for an adjournment to enable 
their Board to consider the points raised and promised 
their observations and reply as soon as possible 





Mr. Arthur Deakin, the general secretary of the 


tion that during the first quarter of the current year 
the membership had increased by 57,000. In’ the 
September issue of the union’s Record, it is stated that 
the increase has continued during the second quarter 
and that the total was now only 1,000 short of the peak 
membership of 1,145,000 during the war. 





In the course of a report on the progress of the organj. 
sation in the Channel Islands, the Union’s Officer there 
states that while a strong membership has been built 
up, there are trades in which many workers have not 
yet responded to the call to organise. ‘‘ Many of our 
members,” he goes on, “have relatives or friends 
amongst these non-unionists, and we should like to 
suggest that when they met them, they should have g 
word with them about the union. A lot. can be done 
in a quiet chat. Misunderstandings can be removed; 
a new and proper sense of responsibility to themselves 
and to others can be developed, and interest aroused 
in the movement towards higher standards of livin, 
which can only be reached if all will play their part, 
There is evidence in abundance of the great value of 
the Union to the workers. We ask our members to 
make full use of it at every opportunity. If this js 
done, it will not be long before we shall be able to claim 
100 per cent. Union organisation in the Islands.” 





The ballot of the workers belonging to the Printing 
and Kindred Trades Federation for or against sttike 
action in support of the application to the British 
Federation of Master Printers for a shorter working 
week and an increase in the number of annual holidays 
with pay resulted in a substantial majority in favour 
of a stoppage. The figures were: 79,700 for, and 
15,233 against. Usd 

The Court of Inquiry appointed by the Minister of 
Labour and National Service to deal with the dispute 
in the general-printing section of the printing industry, 
issued its findings on Monday last. The application 
of the unions was for a 40-hour work week and a fort- 
night’s annual holiday with pay. The Court said 
that it was not practicable at present to reduce the 
work week from 45 hours to 40 hours, but that some 
reduction was possible, and would be beneficial to the 
productive capacity of the individual worker. A 
fortnight’s holiday with pay was, however, practicable. 
Hope was expressed by the Court that-the employer’ 
federation and the trade unions would ‘use the report 
as the basis of an early agreement. 





Figures relating to the coal output in August, issued 
by the Ministry of Fuel and Power, show that the 
percentage of voluntary absenteeism during the month 
was 11-11 at the coal face, compared with 10-75 a 
year ago, and 8-76 for all workers, compared with 
8-71 a year ago. Payment was made this year for the 
Bank Holiday, if there was full work for the rest of the 
week, and it was hoped that this would reduce the 
absenteeism which usually accompanies public holi- 
days. The figures indicate, however, that the hope 
was not fulfilled. ss 

Apart from the legal proceedings against the London 
Passenger Transport Board by, or on behalf of, the 
National Passenger Workers’ Union, the only develop- 
ment last week in the “closed shop” controversy 
was a declaration by the “‘ National Acting Committee 
of the Engineering and Allied Trades Shop Stewards’ 
National Council.” It indicated a preference for the 
slogan ‘‘ 100 per cent. trade unionism” to that of “the 
closed shop,” and suggested that pressure should 
be put on the engineering unions to hold meetings and 
produce large numbers of simple popular leaflets on the 
subject. The National Union of Engineering and 
Allied Trades Shop Stewards is not, of course, “‘ recog- 
nised ” either by the employers or the trade unions. 





After discussions which lasted, with intervals, for 
five weeks, representatives of the employers and the 
trade unions in the cotton-spinning industry reached a 
provisional agreement under which 130,000 operatives 
secure a guaranteed weekly minimum wage and other 
safeguards which were due to be withdrawn on Septem- 
ber 30 with the Essential Work Order. The parties 
to the provisional agreement are the Master Spinners’ 
Federation and the Operative Spinners’ and Cardroom 
Workers’ Amalgamations. This will bring the cotton- 
spinning industry into line with the weaving trade and 
the textile-finishing trade. 





At August 31, the official cost-of-living index figure 
was 103 points above the ievel for July, 1914, compared 
with 105 points at August 1. For food alone, the 
index figure at the end of August was 68 points above 
the level for July, 1914, compared with 71 points at the 
beginning of the month. The decline in the index 








of the associated detecting apparatus, such as amplifiers 
or temperature-controlling devices. 


Transport and General Workers’ Union, told the 
eighth all-Ireland delegate conference of the organisa- 


August in the prices of potatoes. 


figures was caused by seasonal reductions during — 
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NOTES ON NEW BOOKS. 


Morgan’s at War. The Morgan Crucible Company, 
Limited, Battersea Works, Battersea Church-road, 
London, 8.W.11. 

Tue dedication which introduces this booklet refers to 
it as a “ monograph of war endeavour” and in this 
respect it is as impressive a publication as any of the 
considerable number of such brochures that we have 
seen; but as a kind of footnote to six years of war 
it is much more than this, for few compilers of works 
war histories have been so successful as the anony- 
mous author of Morgan’s at War in capturing and 
preserving the war-time atmosphere of a key factory 
situated in what was very definitely a “ target area,” 
or have displayed a surer judgment in the selection of 
illustrations, especially those of the district imme- 
diately adjacent to the factory. The four photographs, 
taken from the factory roof of the arrival and explosion 
of a V 1 bomb, are particularly worthy to be “‘ recorded 
before our memories grow dim and our perspective 
blurred,” to quote the foreword. If a copy of the book 
is not already in the Imperial War Museum, it is to be 
hoped that one will be deposited there. 


The Purification of Water Supplies. By GEORGE 
BraNsBY-WixLuiaMs, M.Inst.C.E., M.I.Mech.E., etc. 
Second edition (revised). Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. rice 
7s. 6d. net.) 


In the foreword to the first edition of this book, the 
author expressed the hope that it would “ be found of 
interest by engineers and others dealing with problems 
of water treatment.” As this second edition appears 
within two years of the publication of the first, it may 
be assumed that this hope has been fulfilled. The book 
contains only some 90 pages and severe compression has 
been exercised in dealing with certain aspects of its 
wide subject. It was pointed out in the review of the 
first edition, on page 4 of our 158th volume (1944), 
that nothing was said about sodium hexametaphos- 
phate, which has been used as an anti-corrosive and 
for other purposes in recent years. The omission has 
now been rectified, but exigencies of space have reduced 
the reference to less than six lines. We note also that 
the omission of the main reference to the determination 
of pH from the index of the first edition, which we 
pointed out, has been corrected. In view of this, it is 
unfortunate that the index reference to sodium hexa- 
metaphosphate in the new edition is given as page 64, 
as the matter actually appears on page 83. The claim 
that the book covers ‘‘ the theoretical and practical 
bases on which modern methods of water purification 
are based,” is justified. The theoretical considerations 
are introduced by a section which may be described as 
dealing with the principles of chemistry. The change, 
however, from elementary considerations to the rather 
complicated chemistry of water treatment is somewhat 
abrupt and it is doubtful whether an engineer with no 
previous knowledge of chemistry could properly under- 
stand the later material, though most engineers con- 
cerned with water treatment have chemical knowledge 
and should be able to derive some benefit from Mr. 
Bransby-Williams’s survey. The greatly compressed 
treatment makes a bibliography desirable as a guide 
to further reading; various books and papers are 
referred to, but are not collected in a list. Such a 
bibliography should not be too long, as every-day users 
should not be confused by a mass of material from which 
they would have difficulty in making a selection. 








Standard Military Railway Bridges. By F. 8. Bonn. 
Offices of The Railway Gazette, 33, Tothill-street, 
London, 8.W.1. [Price 5s. net.] 


Tue limiting factor in the speed of advance of an army 
is the rate at which supplies can be maintained. A 
tank, unaided, may fail to negotiate a ditch, and 
lorries and railway trains are even more exacting in 
their bridging requirements. Engineers have been 
called upon, therefore, to provide bridging material 
that is economical to manufacture, interchangeable, 
portable, adaptable to all manner of sites, and, above 
all, speedily erected, quite apart from the fundamental 
load requirements. The present book, which is a 
reprint of a series of articles that appeared in The 
Railway Gazetie during 1945 and 1946, describes the 
solution of the bridging problem for railways. Five 
British types and two American types of bridges, for 
spans ranging from 17 ft. to 400 ft., are represented. 
There appears to be no reference to the Callender- 
Hamilton bridge, but there is an extended description 
of the Everall sectional truss bridge, which was illus- 
trated and briefly described in an article on the Long- 
moor Transportation Centre of the Royal Engineers, on 
page 535 of our 161st volume (1946). In connection with 
the publicity which the Bailey bridge received towards 
the close of the war, we pleaded for a more compre- 
hensive view of the efforts of several workers in the 
field of military bridging, dating from pre-1914 days. 
Mr. Bond's well-illustrated series of articles will help 
to achieve this desirable balance. 





THE air compressor shown in the accompanying 
illustration has been developed recently by Messrs. 
Hymatic Engineering Company, Limited, Glover-street, 
Redditch, for use where a high degree of portability 
is required with only a moderate output. The illus- 
tration shows the compactness of the plant. The 
weight, without fuel, is slightly over 50 Jb., and the 
overall dimensions are 20} in. long by 14% in. wide 
by 244 in. high, both weight and size thus per- 
mitting the set to be handled by one man; the 
frame is formed for this purpose with a lifting handle 
at the top. When running at the normal speed of 
2,800 r.p.m., the piston displacement of the com- 
pressor is 10 cub. ft. per minute and the delivery 
pressure 80 lb. per square inch. The weldless tubular 
steel frame, weighing only 5 lb., is notable for the 
ingenious way in which it has been made to serve as an 
air cooler, a union connection on it providing the coup- 
ling point for the flexible hose to the particular tools or 
appliances served. Drain cocks at the base enable any 
entrapped water or oil to be removed. The frame 
is carried on three feet with conical ends and discs, 
so that it is stable on soft or uneven ground. The 
engine anti compressor are attached to the lower 
cross members of the frame by means of flexible rubber 
mountings to absorb vibration and both the air-dis- 
charge pipe to the frame and the petrol-supply pipe 
from the Fel tank to the engine are flexible. 

A single-cylinder, 125-c.c. two-stroke petrol engine 
drives the single-stage, single-cylinder compressor 
through a crankshaft common to both. The two 

















cranks are set at 180 deg. for balancing purposes 
and the crankcase, of magnesium, is divided by a 
partition into two crank chambers. The crank- 
shaft is mounted on five ball bearings and one roller 
bearing, the big ends of both connecting rods also hav- 
ing roller bearings. It wiil be clear from the illustration 
that the engine and compressor cylinders are of the 
gilled type for air cooling, the air flow being directed 
over both by a volute-shaped single magnesium casting 
and being supplied by an impeller-type fan mounted 
on the flywheel magneto. The engine cylinder has 
two angular transfer ports which are stated to give a 
loop swirl to the gases and to result in a high degree of 
combustion efficiency. The piston is flat-topped and 
the engine can be run for some 200 hours before decar- 
bonisation is necessary. A governor mounted on the 
crankshaft controls the engine speed for any required 
output. Lubrication is effected on the Petroil system. 
The compressor cylinder has an aluminium barrel, 
a cast-iron liner and steel-plate valves. The cylinder 
head carries an automatic regulating valve which 
adjusts the air intake to the discharge required at any 
particular moment. There is, of course, an automatic 
air-relief valve to safeguard the system against excessive 
pressures. The compressor is splash-lubricated. The 
tank at the top of the frame is the fuel tank; an air 
receiver is not provided, though one can be fitted 
separately from the frame if required. Some of the 
purposes for which the set can be employed are the 
driving of small tools in the building industry, screw- 
driving, nut running, wall plugging, spray painting, etc. 
It has also numerous applications on small farms and 
market gardens, as well as in garages and workshops. 





GAUGE AND TOOL MAKERS’ ASSOCIATION.—The Gauge 
and Tool Makers’ Association, Standbrook House, Old 
Bond-street, London, W.1, have decided to establish an 
overseas section. Applications for membership are 


invited from manufacturers of precision tools within the 





British Commonwealth of Nations. 








DISCHARGE TE 
ARCHIMEDEAN SCREW.* 


By A. C. Donatpson, G.I.Mech.E. 


THE single-helical lift used for the following tests is 
one of a series of 16 forming part of a continuous-process 
plant. It is used for transferring the contents of a 
vessel, 3 ft. in diameter and fitted with a bucket-type 
stirrer, to another vessel at a higher level, and has its 
axis at a fixed angle to the horizontal. Under normal 
running conditions in the plant, it was found that, as 
the liquid level at the charging end of the lift was 
increased, a point was reached when the lift “‘ choked ” 
or “ cut out,” and made necessary a rapid shut-down 
of the feeds, with a consequent loss of production. 
Owing to the clearance required between the lift cover 
and the lift, and to prevent extensive alterations to 
the plant (which would have involved high cost and 
loss of production), it was considered inadvisable to 
increase the diameter of the lift. It was decided, 
therefore, to investigate the possibilities of modifying 
the existing lift to prevent it from “ cutting out,” 
thus enabling a steady rate of production to be main- 
tained. 

The lift, Fig. 1, page 310, consists of a 2-in. bore by 
24 in. outside diameter stainless-steel core on the outside 
of which is welded a helix of 5 in. pitch, constructed 
from stainless-steel plate 1} in. broad by } in. thick, the 
generating line of the surface of the helix being per- 
pendicular to the axis of the core. A circular casing 
constructed from No. 16 8.W.G. stainless steel is shrunk 
on to the helix after the latter has been ground to a 
taper of } in. on the diameter; that is, the radius of 
the outside edge of the helix is 2} in. at the charging 
end and 2 in. radius at the discharging end. A No. 4 
Morse-taper shank is shrunk into the core, and the 
working position of the lift has its axis at 32 deg. to the 
horizontal. 

Although the Archimedean screw was first used 
over 2,000 years ago, and is still widely used in Egypt 
and Holland, little information is readily available 
regarding its design and the performance to be expected 
from it under various conditions of inclination, speed, 
and immersion. It was decided, therefore, to make 
some observations and calculations generally applicable 
to this type of lift before carrying out experimental 
tests. At low speeds, the lift is merely a displacement 
machine; for a particular immersion, a quantity of 
liquid is trapped at the charging end between the 
upper surface of the helix, the inside of the casing and 
the outside of the core, and is gradually displaced up 
the lift to the discharging end when the lift is revolved. 
The quantity of liquid thus trapped will depend on 
the helix angle of the lift and the angle at which the 
axis of the lift is set relative to the horizontal. 

For a particular immersion there is a definite point 
of cut-off, that is, the last point of the end edge of the 
helix at the charging end to leave the liquid surface. 
For immersions below 50 per cent., this point will be 
where the outer edge of the helix meets the casing 
(Fig. 2, page 310), and for immersions above 50 per 
cent., it will be at the point where the helix meets the 
core (Fig. 3). At exactly 50-per cent. immersion, the 
cut-off point is where the upper edge of the helix cuts 
the surface of the liquid. Obviously, therefore, the 
best point of cut-off for maximum throughput at low 
speeds would occur when the end edge of the helix is 
vertical, that is, when the immersion is up to the 
upper side of the vertical diameter of the core. 

Consider what would happen if the liquid thus 
trapped were moved up the lift, by revolving the lift, 
say, one revolution. The liquid initially trapped will 
have moved on to the next pitch and the volume there 
will depend on the highest point at which the level 
can be maintained in that pitch, and any liquid above 
this point will flow back to the previous pitch. At this 
point, the surface level of the liquid will be a tangent to 
the line of intersection of the outside of the core and 
helix. Let this point be A (Fig. 4, page 310). Let the 
plane through A, perpendicular to the axis of the lift, 
meet the axis in X, the core in G, and the casing in F. 
Let the intersection of the plane of liquid level (hori- 
zontal) and the vertical plane through the axis meet the 
outside of the core in E and the inside of the casing in C. 
The maximum volume the pitch can hold, therefore, 
is volume A BCD E. 

Now the volume ABC DE = volume AC FX — 
volume AEG X — volume under helix ADBG. 
Volume AC F X is the volume in a tilted cylindrical 
vessel of radius 2% in. (radius of last pitch), and volume 
AEG X is the volume in a tilted cylindrical vessel of 
radius 1} in. (radius of core). To estimate these volumes 
the following formule were developedt :— 





* Paper presented to the Institution of Mechanical 
Engineers for discussion in writing, contributions to 
which should be received at the Institution not later 
than September 30, 1946. Abridged. 

+ The mathematical development of equations (1) and 
(2) is given in an appendix (not reprinted).—Ep., E. 
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Volume in a Tilted Cylindrical Vessel. 
3 
Volume V = 7 pe Lu —12Ru+ 2 Rsin2 u— 


3 (L — R) sin 4u — Rsin 6 u] (1) 


where ae 
u = sin-! Af sk 
2R 


Volume under a Helix. (Generating line of helix 
perpendicular to axis of lift.) 


Volume V = A (R? — r®). 
Sar 
For Height AX (Fig. 4). 

The projection of the inner and outer edges of a helix 
on a vertical plane will be a sine (or cosine) curve, and 
the projection of the surface level of the liquid will be 
a straight line on the plane forming a tangent to the 
projection of the inner edge of the helix (point Q, Fig. 5). 
Taking the sine curve, the equations of the projections 
of the inner and outer edges of the helix may be taken 
as y= 1} sin z and y = 23 sin z, respectively. The 
gradient of the surface level QS will be tan (7 — 
. 32 deg.) = — 0-625, that is, gradient of tangent at 


Q = — 0-625 ong R sin x), or 1} cos x = — 0-625. 
Therefore, 


x= cos! — 0-5 = (mw — 60) = —— = 2-094 


3 
and 

AX = 1} sin (2 — 60) = 0-866 x 1} = 1-082 in. 
2 
=?) 


Therefore Q is a point having the co-ordinates 3 


1-082. 
Let the equation of tangent be y= maz +c. 
Since the tangent passes through Q, 
9. 
1-082 = — 0-625 x 3 + ¢3 


hence c = 2-391, and the equation of the tangent is 


y = 2-391 — 0-625 z. (3) 
Projection of inner edge y = 1} sin 2. (4) 
Projection of outer edge y = 23 sin z. (5) 


The solution of equations (3) and (4) will give the 
points where the surface level of the liquid cuts the 
inner edge of the helix. 

Solving equations (3) and (4), x = 27 — 51 deg. = 
5-39 and 2-094. 

Solving equations (3) and (5), = 7 — 15 deg. = 
2-88 and 5-74. 


For Volume ACFX, using equation (1). 


L 
L= + 1-082 = 3-457; H = ——— 
25 J Ws tan 32 


(3-457) 
—_ 5457) _ vel 
sin /( ia) 57} deg., or 1-02 radian ; 


= §-54; 


“a= 
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hence 
V, = 31-23 cub. in. 
For volume AEGX, using equation (1). 
x ay | etal 
L=1}+ 1-082; H tan 39 


aaa 
sin-! J (ss) = 1-309 radian; 


V, = 9-61 cub. in. 


= 3:73; 


“= 


hence 


For volume under helix, using equation (2). 

The volume required is that having the base 
O BCH D (see Fig. 6), bounded by the helical surface 
OAEKF, the inner surface of casing, and the outer 
surface of the core. This volume is approximately 
equal to 

Volume [(OQCF—-OABQ+ 4(0QKG — 

OQCF)}. 

For OQCF, 6 = 5-39 — 2-09 = 3:3; 

» OABQ, @ = 2:88 — 2-09 = 0-79; 
» OQKG, 6= 5-74 — 2-09 = 3-65; 
and P = 5in., R = 2% in., and r = 1} in. 

Hence approximate volume V, = 9-48 cub. in., and 
volume in pitch 
V=V, — Vz — V; = 31-23 — 9-61 — 9-48 

= 12-14 cub. in. = 0-0439 gallon. 

At slow speeds, therefore, the maximum volume the 
lift will discharge is 0-0439 gallon per revolution, and 
the minimum immersion depth for this throughput is 

1-082 + 24 
43 

As the immersion is increased at low speeds, the level 

of the liquid initially trapped will adjust itself to this 


= 72-8 per cent. 


ON ARCHIMEDEAN 


| at an increased rate. 
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maximum, and the surplus liquid will drain back either 
to the previous pitch or to the reservoir. As the speed 
of the lift is increased, the surface of the helix will force 
the volume of liquid in a particular pitch up the lift 
At the same time, there will be 
an increased side thrust, tending to move the liquid 
round with the lift itself, but this is prevented by the 
liquid flowing back over the helical surface. To enable 
the volume of liquid to do this, its free surface must 
therefore have a slope, the “high” end of which is 
nearest the discharge end of the pitch. The “low” 
end will be the point at which the liquid will flow back 
to the previous pitch. Thus an increased volume can 
be maintained in the pitch due to slope of the free sur- 
face ; and the surface over which the liquid passes may 
be regarded as an open channel. 

At a speed of 175 r.p.m., say, the velocity of the 
liquid relative to the surface of the helix at the casing 
is % ft. per second and at the core 2-26 ft. per second. 
For open-channel flow this velocity is not high, and the 
slope—and thus additional volume in the pitch, due to 
slope—will be small. The volume of liquid, however, 
may be considered as flowing along a channel of small 
radius at this speed, and the centrifugal head is con- 
siderable. The free surface of the liquid, therefore, 
will tend to take the shape of a forced vortex, that is, 
parabolic about a vertical axis, resulting in a consider- 
able rise in the level and a corresponding increase in 
volume in the pitch. Taking the axis of the parabola 
where the plane of the surface level of the liquid under 
static conditions would meet the axis of the lift, the 
velocity of a particle on the surface of the liquid 
resolved at right angles to the axis of the parabola would 
determine the position of that particle relative to the 
vertex of the parabola. 

In the case under consideration, the working angle 
of the lift is 32 deg. to the horizontal. For any given 
speed of lift, N r.p.m., the velocity of a particle at the 
casing, relative to the casing, is 

FN axd ft. per sec 
2x6 °"P i 
and the velocity of a particle at the casing relative to 
the axis of the parabola is 
3 ee od x sin 32 deg. = 2 ft. per sec.,at 175 r.p.m. 


2 1 
Therefore, the centrifugal head at the casing= 5 g 16 


ft. or } in., approximately. Similarly, the centrifugal 
head at the core = ¥ in., approximately. 

For a rough approximation of the increase in volume 
due to centrifugal head, the free surface area may be 
taken as the difference of area of two sections of ellipses, 
one ellipse formed by the intersection of the casing and 
the free surface and the other by the core and the free 
surface. At immersion for maximum discharge, each 
section of those ellipses is practically half the full 
ellipse ; and, approximately, the surface area is 


bd 2b Lg mw 908 oteeen’s 

3 * [a 32 * 23 — sin 32 * 18] = 13 9 sq. in. 

Taking the cross section as roughly triangular, and 
the depth as } in., the approximate volume equals 
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13-9 x } = 5-2 cub. in. = 0-019 gallon; hence the 
, 0-019 x 100 , 

percentage increase - - == 43-3 per cent. 


0-0439 

The above calculation assumes that there is 100 per 
cent. slip between the liquid and the lift at this speed ; 
thus, at higher speeds, the volume discharged per turn 
will be well over 100 per cent. of the maximum volume 
which each pitch can hold with the lift stationary ; 
and the rev» at which the lift is run is therefore a most 
important factor. This factor was borne in mind when 
the tests were carried out on the lift. 

The general arrangement of the plant used for the 
experimental tests is shown in Fig, 7, opposite. In 
the plant, the axis of the lift was set at 32 deg. to the 
horizontal and a cast-iron reservoir, 3 ft. in diameter, 
fitted with a weir to an overflow, was mounted on two 
swivel supports in conjunction with a screw-jack, thus 
enabling the immersion depth of the lift to be varied 
from zero to full immersion. The swivel supports were 
placed so that the top of the weir was always horizontal 
for any position of the screw-jack, allowing more 
accurate control of the immersion depth while the lift 
was in operation. The reservoir was fed by a 1-in. 
bore water pipe fitted with a control valve. The lift 
was driven by a }-h.p. motor through a variable-speed 
gearbox and bevel gearing, the available speed range 
of the lift being between 115 r.p.m. and 350 r.p.m. 
The lift discharged into a chute arranged so that the 
discharge could be directed to a measuring tank or to a 
drain, as required. 

The lift was first kept stationary, with the screw-jack 
set for a particular immersion, and the water supply to 
the reservoir was adjusted so that a small quantity 
flowed over the weir to the overflow ! the exact immer- 
son depth could then be noted. Throughout the test 
the same overflow from the weir was maintained. The 
lift was then started and thé water level in the reservoir 
readjusted so as to give the constant overflow, the 
discharge from the lift going to drain. When conditions 
were steady, the discharge from the lift was directed 
into the measuring tank for a period of one minute, and 
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the speed of the lift over that minute was taken from 
the driving shaft by a revolution counter. The quan- 
tity discharged from the lift during that minute was 
noted. The speed was then increased, the water 
level in the reservoir readjusted, and the process 
repeated. Thus a series of readings was obtained, 
giving the discharge for various speeds at various 
immersions, and the results were recorded graphically. 

From the readings taken from lift No. 1, curves of 
discharge to a base of speed for various immersions 
were plotted (Fig. 8, opposite). It will be seen that 
the greater part of each curve is nearly a straight line 
within the range of speeds taken ; that is, the discharge 
varies approximately directly with the speed. As the 
higher speeds are reached, however, the curves bend 
over slightly and tend towards a maximum discharge 
for that immersion. Before this maximum discharge 
is reached, however, the lift cuts out; that is, the dis- 
charge falls to zero. At the lower immersions, the 
reason for the cut-out is that the speed of the pick-up 
or cheng oo of the helix is too high, and the 
surface of the liquid is merely churned up by the helical 
blade. The lift does not pick up again until the speed 
is reduced considerably, and this pick-up speed remains 
approximately constant until the higher immersions 
are reached, when it falls rapidly. 

At the higher immersion, the cut-out is due to over- 
charging. The lift picks up more than the first free 
pitch can hold, and the excess runs back to the reservoir. 
A point is reached, however, when the excess tending 
to drain back and the axial upward thrust of the helix 





= 


DISCHARGE TESTS ON ARCHIMEDEAN SCREW. 





Fig.12. 
at 8 


8 














Tash 

N\ 

Beas 
ANU 


+ 





N 





.. Gal. perMin. 





- 
S 





; 

y 
[/ 
Z 


NAY 
Ns 


Discha 
a 
WA) 





z 
a 





ah 


N\ 
































oO 
100 120 HO 160 180 200 220 240 
(8840.6) Speed of Lift...R.P.M. 


_Fig.14. 





L. 


/ | 


Pn L 


m4 J 
: Pe Ly 
i] Sy 
$0 — > cs ZL A 
oe Ze 
Ca 

anil 
. > 
=, 2 aie Sa 


(8840.1) ENGINEERING” 





8 

















. 











\\ 





























on the volume in the pitch produce a circulating effect 
within the pitch; no net lift of the total volume (in 
the pitch) takes place, and the volume of liquid is 
merely revolved with the lift without any discharge. 
This action takes place so quickly that the feed to the 
reservoir cannot be shut down quickly enough, and the 
result is a sudden rise in the reservoir level, with the 
lift running fully immersed. The lift picks up again 
and discharges at a much reduced rate. This decrease 
may be due to the fact that the trapping of the liquid 
in the first pitch is effected by the surface of the helix at 
the core, whereas at lower immersions it was effected 
by the end edge of the helix. 

From the discharge-speed curves, the curves relating 
the discharge to the percentage of immersion were 
plotted for speeds between 160 r.p.m. and 190 r.p.m. 
(Fig. 9, opposite). It will be seen that, for maximum 
discharge, the percentage immersion is in the region 
of 77 per cent. This is considerably higher than the 
calculated value, and is partly due to local disturbance 
at the water surface level (the immersion depth being 
taken when the lift was stationary), and partly due 
to a small fillet weld between the helix and the core of 
the lift. The discharge per turn at very slow speed for 
various immersions was measured (this being the 
average of 10 turns), and the corresponding value of 
discharge for 175 r.p.m. calculated. The discharge 
per turn for 175 r.p.m. (the present running speed 
of the lift in the plant) was more than double that for 
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slow speed (Fig. 10, page 311). At this speed, as it 
were, a volumetric efficiency of more than 200 per cent. 
is reached. 

With a view to increasing the throughput, the 
standard lift was cut along A BC DE (Fig. 11, page 
311), and a sector of a disc A F was fitted, as shown in 
Fig. 11, all other details remaining as in Fig. l. On this 
lift (No. 2), tests similar to those for lift No. 1 were 
carried out (Fig. 12, page 311), but little improvement 
resulted ; this was due mainly to the violent disturbance 
created on the surface of the water by the shape of the 
end of the lift. The disc was removed and the casing 
again cut, along EGBCDE, forming lift No. 3 
(Fig. 11), ‘but again little improvement resulted, and 
the discharge was considerably reduced (Fig. 13, page 
311). Lifts Nos. 2 and 3 cut out at practically the same 
immersion as lift No. 1, and it was obvious that the only 
way to prevent such a cut-out was to limit the capacity 
of the initial pitches. After taking into consideration 
the angle of the axis of the lift, pitch, etc., it was decided 
to cut a strip } in. broad from the just under 
the helix for the whole of the second pitch and ber 
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578,006. Explosive-Operated Valve. The Asiatic 
Petrol Company, Limited, of London, and I. Lubbock, 





allow the excess liquid to escape via the 
of flowing back inside the casing. All the fs 
prone were made to one standard lift to enable 

comparative results to be obtained. A preliminary 
run with this lift (No. 4) showed that this was highly 
successful, and no cut-out occurred until an immersion 
of 25 per cent. over full immersion was reached at a 
speed of 250 r.p.m. for all immersions. Lift No. 4 
showed a slight decrease in the throughput for the 
same immersions as lift No. 1, but the advan of not 
cutting-out outweighed this. In addition, No. 4 
showed a steady increase in throughput for increase in 
immersion—a useful condition for adoption in the plant 
(Fig. 14, on 311). 

Another s' i bit, No. 5, similar to lift No. 1, was 
run at 175 r.p.m. for various immersions and again 
run at 175 r.p.m. after a }-in. wide slot had been cut 
in the casing (Fig. 15, on page 311) in the second pitch. 
A decrease in throughput resulted due to the cutting, 
but again no cut-out occurred up to 20 per cent. over 
fuil immersion. The speed was increased to 185 r.p.m. 
and a considerable increase in throughput resulted for 
all immersions (Fig. 16, on page 311). Above 190r.p.m. 
a considerable amount of the discharge was thrown 
off the casing at the discharge end, due to the centri- 
fugal force imparted to it by the lift. Such speeds are 
not suitable for the plant, unless a special collector is 
fitted. With the modified lift the pick-up speed is 
pgp d constant at 205 r.p.m. and, therefore, 

his speed could not be prt when starting up 
M0 the plant. A speed of 185 r.p.m. was therefore 
recommended on the plant, being conveniently within 
the above critical s ranges. 

Owing to the nature of the liquid used in the plant 
it was considered inadvisable to reduce the breadth 
of the slot below ~ in. as there might be a tendency 
for the slot to choke owing to the solidification of the 
liquid. No readings were therefore taken with nar- 
rower slots, and the #-in. wide slot (as in Fig. 15) was 
recommended for adoption in the plant. The above 
modifications were easy to make and involved little 
cost. A slight increase in the pitch would increase 
the throughput, but at the same time the pick-up 
speed would be reduced owing to the increased helix 
angle, and probably about } in. on the existing 5-in. 
pitch would be the maximum allowable to reduce the 
pick-up speed to 185 r.p.m. 





INSULATED CONTAINERS ON THE L.M.S. RaAmway.— 
The London Midland and Scottish Railway Company 
have recently tested two new highly-insulated containers 
of an experimental type, designated AF, and built at 
the Company’s works at Earlestown, Newton-le-Willows, 
Lancashire. They have been designed for the carriage 
of certain materials and foods which have to be kept at 
low temperatures of the order of 0 deg. F. Tests have 
shown a rate of heat absorption for the containers of 
about 10 B.Th.U. per hour per degree F. difference in 
temperature between the exterior and interior, which is 
equivalent to a temperature rise of 6 deg. F. a day for a 
full load and with an ambient temperature of 60 deg. F. 
The containers are constructed of separate inside and 
outside timber frames with resin-bonded multi-ply 
panels and an intermediate insulation, 9 in. thick, of 
expanded rubber. The interior is faced with galvanised 
steel sheet, and the floor is protected by gratings made of 
birch or sycamore, which are superior to other hardwoods 
for this purpose, in that they do not contaminate food. 
To ensure effective heat insulation, the inside and outside 
panels are not connected by ironwork, and the door is 
hung at its vertical centre line on a metal frame which, in 
turn, is hinged to the outside frame of the container. The 
door is sealed, on a rubber gasket, by means of six clamps. 
Although it is not expected that any cooling agent will 
be carried normally, solid CO, may be suspended in net 
bags from six hooks in the ceiling, if necessary. Each 
container will carry a load of 2 tons 10 cwt., has a tare 
weight of 1 ton 17 cwt. 2 qr., and a capacity of 193 cub. ft. 





G. J. Gollin, A. Lindsay, H. J. Poole, and A. D. Crow, of 
London. (3 Figs.) November 7, 1941.—The valve 
releases high-pressure inert gas from a storage cylinder 
to drive liquid fuel and oxidant to the burning nozzle 
in the combustion chamber of a jet-propulsion unit. 
The explosive charge is electrically fired and is fitted 
into the head of the valve body 5 above a piston 3, which 
slides in the body. The piston carries a poppet 4 which 
is seated to close the inlet port 6 from the outlet port 7. 
To insure against leakage past the valve seat. under the 
high pressure, a shearing disc 12 of aluminium is secured 
to the valve body and the poppet. The poppet also 
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72.000) 
carries a hammer 15, above a soft-metal body 13 in a 
steel anvil 14. The wall of the anvil is pierced with 
holes in which slide snugs 16. A skirt 17 attached to the 
poppet slides over the anvil. When the explosive 
charge is fired, the piston is driven down and uncovers 
@ pressure relief vent 11. The shearing disc 12 is broken 
and the hammer strikes the soft metal in the anvil. 
The flange on the skirt 17 is beyond the holes in the 
wall of the anvil in which the snugs are, so that the snugs 
are forced out by the pressure in the soft metal. The 
poppet is moved back by the pressure of the gas, till 
the flange on the skirt comes up against the snugs, 
which hold the valve open. The valve is reconditioned 
before being reset for further use. (Accepted June 12, 
1946.) 
FURNACE APPARATUS. 

578,239. Pulverised-Coal Burner. Forgings and Press- 
work (Birmingham), Limited, of Birmingham, and W. 
Evans and G. W. Hulme, of Birmingham. (2 Figs ) May 8, 








1944 —The invention is a burner for pulverised coal, 
having a central passage for the supply of gas, which is 
simple and inexpensive to manufacture An outer tube 12, 
having a flange for securing it to the furnace, is supplied 
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with secondary air through a tapered portion. An inter. 
mediate tube 21, extending beyond the outer tube, is 
supplied with a mixture of air and pulverised cog) 
through a fabricated L-shaped tube 26. In the inte. 
mediate tube is an inner and shorter tube 32, held cen. 
trally by three screws 33. On the other end of the tube is 
screwed an elbow union 35, into which is screwed a supply 
pipe 36. Air mixed with gas is passed along the supply 
pipe. Lighting up of the furnace is easier and -quicker, 
and there is less fuel wasted than with a normal burner, 
After lighting, the furnace atmosphere is improved anq 
there is less oxidation and a cleaner heat. Lower vrades 
of fuel can be used and temperature control is casier, 
(Accepted June 20, 1946.) 


LIFTING AND HAULING APPLIANCES. 

577,704. Dumping Grab. Priestman Brothers, Limited, 
of Hull, and A. Child, of Hull. (4 Figs.) October 6, 
1944.—The invention is a dumping grab which can give 
a large extension of the grab jaws for a given height of 
grab. The grab head a carries the upper sheaves of 
the grab, and the sliding sheave block b the lower 
sheaves. The jaws ¢ are supported by levers pivoted 
to the grab head, while the inner ends of the jaws, 
which are raised and lowered by the opening cable, are 








(577,704) 
pivoted to a link m between them. Telescopic guide 
tubes & are secured at their lower ends to the inner ends 
of the jaws and pass through the thimble-shaped guides p 
on the lower sheave block. The forked upper ends of 
the tubes are connected by levers r to the grab head a. 
When the grab jaws are opened the levers r move from 
the raised position to a lower position, and the tube k 
extends to a position in which the jaw is fully open. 
When the jaws are closed, their faces z abut. (Accepted 
May 28, 1946.) 
MISCELLANEOUS. 

577,905. Marine-Flare Igniter. The Walter Kidde 
Company, Limited, of Northolt, and G. Lambert, of 
Denham. (3 Figs.) April 27, 1943.—The invention is 
an automatic igniter which will operate on immersion 
in water. A hollow cylinder A has screwed into one 
end a housing B for the cartridge C of the flare. The 
cartridge is held in the end of the housing, which is 
hollow and contains a spring-loaded striker D. Normally, 
the striker is held in the recoiled position by a disc E 
of blotting paper clamped between a disc D* on the 
striker stem and distance piece D*, and between the 
rim of the cylinder A and an overlapping clamping 
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ring F. An annular portion of the disc E remains 
exposed between the clamping ring and the distance 
piece. A nut D‘ is surrounded by a cylindrical cap G, 
and a safety pin H passes through the cap and the nut 
to prevent the release of the striker. A compression 
spring within the cap G throws the cap off the nut 
when the safety pin is withdrawn, just before the flare 
is thrown into the water, and the striker is held by the 
disc E. As soon as this becomes wet, it becomes so weak 
that it cannot hold the spring of the striker, which is re- 
leased and explodes the cartridge. (Accepted June 5, 1946.) 
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DEVELOPMENTS IN HYDRO- 
GRAPHICAL APPARATUS. 


Tue recording of submarine and sublacune topo- 
graphy and of the variations in the physical pro- 
perties of the sea—what might be termed the 
oceanic climate--was for long a matter of casual 
and su ial observation, carried out at or near 
the surface. With improvements in physical 
apparatus generally, and in those intended for 
rough open-air or under-water usage in particular, 
has come the possibility of getting a more accurate 
picture of the “weather ” in a mass of water com- 
parable with those which can be obtained on land 
at an atmospheric meteorological station. Such 
data are not merely of “ pure ” scientific interest ; 
the navigation of ships and especially of submarines 
and the behaviour in rough weather of landing 
craft for aeroplanes and of water “fetches” for 
seaplanes, demands a study of the dynamics of 
waves and swell. 

The three factors which it has been customary to 
observe in the past are temperature, salinity and 
water movements beneath the surface, whether 
due to tides, convection or advection from rivers. 
The latter are closely bound up with the observa- 
tions of the former pair of factors. The attention 
of physicists and engineers was focused on these 
matters as affecting the velocity of sound in the 
sea, when the submarine first became a menace. 

Another factor which received attention in the 
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In the original application of supersonics, for 
which the Hughes system (Fig. 1) was designed, a 
beam of supersonics sent out by an iron or nickel 
core oscillating in magneto-striction was directed 
through the sea to some hidden object, possibly the 
hull of another ship or the sea-bed. If the beam 
strikes the surface at right angles, the reflected 
beam retraces its path. Thus, all that is necessary 
to “detect” the existence of the reflecting surface 
and its distance from the emitter is to send out a 
short train of waves (covering about 0-1 second) 
and wait until it returns to reappear at the source. 
By means of a switch, which operates automatically 
when the oscillator has completed the emission of 
the train, the core and its associated amplifier 
becomes @ detector, the returning wave train 
setting the metal into oscillation again for a short time 











distinct, a correspondingly distinct and hard bed 
is indicated. If, however, the record is fuzzy, 
with the appearance of some of the radiation having 
penetrated before being reflected (like that which 
one would expect in a light beam reflected from a 
mirror from which the silvering was beginning to 
peel), the inference is that the bed is oozy and 
indistinct. Indeed, interesting information about 
the nature of the bed of a lake has been gained by 
traversing lines across it in a vessel equipped with 
an echo-sounding device. 

In recent years, the path of the echo-sounder 
has been reversed in certain applications ; that is to 
say, the emitter has been placed on the bed so that 
it radiates a supersonic beam vertically, to be 
reflected by the surface of the sea. In this manner 
not only tidal variations in the depth of water but 
even those due to the passage of wave crests and 
troughs over the portion of the surface immediately 
above the instrument can be recorded. For this 
possibility the beam must be so narrow where it 
strikes the surface that at one moment the echo 
comes from a crest, and the next from a trough, in the 
waves. Whether such discrimination can be 
exerted depends mainly on the ratio of the wave- 
length of the supersonic vibrations to the diameter 
of the horn from which they debouch into the water. 
If this is small, diffraction is less important and the 
energy is confined to a narrow cone. This discrimin- 
ation is the more easily effected if the crests and 
troughs are near the emitter; that is, when the 
mean depth of water is small, as in a harbour. 
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period between the two wars, on account of its | 


importance for vegetable and animal life, is the 
amount of light reaching various depths of the sea 
or of a lake. This factor is, of course, closely 
related to the amount of solid matter—organic or 
inorganic—held in suspension at a locality at any 
time, being greatest near the mouths of rivers and 
in coastal regions generally. The difference between 
the amounts of light just beneath the surface and 
at four fathoms, say, on different occasions in the 
same locality may, in fact, be taken as some measure 
of the relative turbulence in the water and so as 
indicative of submarine “‘storms.’’ In or near the 
mouth of a river, such a measurement may indicate 
to the river or harbour engineer the relative bed- 
load of silt carried into the estuary when the river 
is running low or in spate. 

The penetration of light under water is usually 
measured now by @ photo-electric cell in a water- 
tight compartment containing air, which is lowered 
to the requisite depth and the photo-electric current 
from which is taken through a cable to a galvano- 
meter on shore or on shipboard. Normally, the 
case of this ‘‘ photometer” has a lens at one end, 
which is held uppermost so that light from a cone 
of known angle is collected and focused on the cell 
at the lower end. 

It is, perhaps, with the delineation of the upper 
and lower confines of the sea that the hydro- 
grapher’s work is mostly concerned ; that is, with 
plotting out the shape of the bed and of the free 
surface. The former changes but slowly at any 
place, but the latter varies with height of wave 
and tide. For the accurate recording of either of 
these, the principle of the echo-sounder has proved 
@ great advance on previous methods. 
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at its natural frequency. 
The system is then analo- 











gous to that by which 
a boy might send a train 
of surface waves across 
a pond by alternately 
lifting and pushing down a wooden plank floating 
on the water. If he desists after sending out a 
short series of waves and these are then reflected 
from the far side of the pond, the plank will be again 
oscillated for a short time by the returning waves. 
The performance of such an experiment will serve 
to illustrate one factor which is not common to the 
supersonic gear and its analogue, namely, the slow 
rate of damping of the surface waves. The plank 
does not come to rest as soon as the boy releases it, 
but continues to rock with diminishing amplitude 
for some time. The magneto-striction oscillator, on 
the contrary, is dead-beat. If it were not so, 
the returning waves might reach it before the original 
motion producing the emission train had subsided. 

In the most fruitful application of this reflection 
method, it is the distance below the ship of the bed 
of the sea which is in question, and the process is 
known as echo-sounding. The action of initiating 
the supersonic wave train is made to start a pointer 
moving at constant speed over a dial and the 
arrival of the first of the returning waves stops it. 
Since the speed of sound in the sea is known, this 
clock can be graduated in fathoms or metres (allow- 
ing for the fact that the beam traverses the distance 
to the bottom twice). 

Distance is not the only information given by the 
echo-sounder ; something about the nature of the 


Other instruments for delineating wave-height 
and swell employ a measurement of the varying 
pressure on the sea-bed. Since it is necessary that 
the instrument, when lowered to the bed, shall reach 
equilibrium as to its internal pressure with the 
mean hydrostatic pressure there, the principle of 
the equalisation chamber is employed. This con- 
sists of a large vessel into which the sea can leak at 
its base, the upper end being coupled pneumatically 
by @ pipe to the interior of the instrument. The 
latter may take the form of a capsule of about 
one litre capacity covered with a flexible membrane 
exposed to the sea. If the connection between the 
capsule and the equalisation chamber and between 
the latter and the sea have a high hydraulic resist- 
ance, when a quick change of sea occurs, 
the membrane will communicate it to the capsule 
before the main chambers have time to respond to 
the pressure and a difference of air pressure will be 
set up between the capsule and main chamber which 
can be recorded and related to the rate of change of 
the pressure in the sea. At the same time, slow 
changes of hydrostatic pressure, such as are caused 
by the tidal ebb and flow, will not affect the instru- 
ment, as there will be time for equalisation to take 
place through the leak. (A similar principle is 
employed on aircraft instruments which record 
rate of climb.) 





bed may be deduced from an examination of the 
record of the echo. If the latter is sharp and 


Fig. 2 is a diagram of the sea-pressure recording 
instrument devised by E. G. Richardson. The 











CORNELIUS VARLEY’S MICROSCOPE 


_ENGINEERING.| 

















Fre. 1. 


capsule ¢ has a rubber membrane r stretched across 
a flange above it, and the difference between the air 
pressure inside it and the larger chamber below 
(which is connected to a separate and still larger 
‘* equalisation pot ”) is recorded by a bellows 
6 such as are used on certain types of micfobaro- 
graph. Such sensitivity is essential because the 
pressure differences to be measured normally amount 
to a few centimetres of water only. As the bellows 
breathe, a tag on the lower end moves in front of 
the focus of a beam of light from the pea-lamp on 
the left and so varies the amount of light falling on 
the photo-electric cell p on the right, the current from 
which, recorded on shore, is an indication of the 
position of the tag. This is related by a previous 
calibration to the pressure difference. The “leak” 
or ‘resistance’ consists of 3 cm. of copper tube of 
0-5 mm. inside diameter. Fig. 3 is @ reproduction 
of a photograph of the instrument mounted with 
its equalisation pot on a sinker, waiting to be 
lowered into the sea, 

The recorded pressure difference under a system 
of surface waves of given amplitude, even after a 
correction has been made when necessary for the 
reduction of pressure that the leak may involve, is not 
equal to that amplitude in feet of water. This 
would be true only for very long waves like the 
tides, ignoring for the moment the effect of the leak. 
Ordinary water waves and “swell” produce a 
smaller effect on the instrument than their amplitude 
would indicate, because of the “interference ” by 
neighbouring crests and troughs ; in fact, at depths 
of a few fathoms, this effect of phase interference, 
which increases as the wavelength of the surface 
waves decreases, completely cancels the pressure 
amplitudes due to the little waves, but still give a 
record of the longer motions which characterise 
swell. This is @ useful property of such methods of 
recording, since the pitching of craft (including 
aircraft with floats) the behaviour of which it is 
often desired to relate to the sea that may be 
“running” at different times, is more affected by 
the longer wavelengths. 














CORNELIUS VARLEY’S 
MICROSCOPE STAGE. 
By R. S. Wuippte. 


Amonce the instruments in the Whipple Collec- 
tion,* which was presented to Cambridge University 
in 1944 and exhibited on the occasion of the presen- | 
tation, was a microscope by Cornelius Varley, fitted | 
with a stage embodying a universal motion of simple | 
and original design, which merits description. | 
Although this particular microscope does not appear | 
to have been described by Varley, a very similar | 
mechanism was described by him in his paper | 
“Improvements in the Microscope,” published in 
1832,t and a similar stage was further described, 
though in a modified form, under the title ‘“‘ Improve- 
ments in the Vial Microscope,” in 1834}, and the 
illustration, Fig. 1, has been reproduced from the 
latter paper. 

In describing the advantages of the microscope 
in his first paper, he writes: ‘‘ The next (advantage) 
was to provide a free movement for the stage, that 
may be used in any direction as quickly as the 
animalcule themselves move.” From the illus- 
tration of his vial microscope, Fig. 1, it can be 
seen that the stage consists of two plates, the upper 
of which, n, slides smoothly in any direction over 
the lower and is held in close contact with it by 
means of a large flat spring washer secured with 
two screws (the ball-shaped heads of which can 
be seen) which could be used for clamping the 
stage or for adjusting the friction between the plates. 
The movement of the top plate n over the lower is 


* See ENGINEERING. vol. 159, pages 161 and 223 
(1945). 

+ Transactions of the Society of Arts, vol. 48 (1832). 
A note at the head of this paper reads as follows :-— 
“The Large Silver Medal was presented to Mr. Cornelius 
Varley, 1, Charles Street, Clarendon Square, for his 
microscope peculiarly adapted for the examination of 
live aquatic objects, and his apparatus for catching and 
retaining them.” 
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| effected by two parallel wire levers p, which are 
| connected at the bottom by the link qg. The ful- 
crums about which the levers work, giving the plate 
|a parallel motion, are shown at o and o. The 
observer moving the link g in any direction in the 
horizontal plane, moves the top plate n upon which 
the specimen under examination is placed, and since 
the ratio of the upper part of the levers to the lower 
is as | is to 10, the specimen is moved through a 
distance one-tenth that of the hand, which Varley 
states ‘ appears a sufficient reduction of the hand's 
motion for most of the high powers.’ He also 
points out that ‘ the stage moves parallel in a reverse 
direction to the hand ; so, in whatever direction any 
partictlar animalcule may move, moving the hand 
the same way, apparently after it, brings it 
back.” The reversal of the mechanical system is 
designed, of course, to compensate for the inversion 
of the optical image. 

The instrument in the Whipple Collection is that 
illustrated in Fig. 2, and is fitted with a movable 
stage based on the same general principle, but of an 
improved pattern. In this instrument, the top plate 
forming the stage is again arranged to slide on the 
plate fixed below it, but it is actuated by the 
ingenious geometric mechanism illustrated in Fig. 3, 
on the opposite page. Once again movement of the 
hand holding the lever H traverses the stage in a 
direction opposite to the movement of the hand, the 
lever rocking in the ball-joint B, which acts as a 
fulcrum, and the free end of the lever terminating in 
a ball housed in the fitting B in a hinged extension of 
the stage. A second fixed plate is mounted about 
an inch below the fixed plate upon which the stage 
slides ; two short pillars, P, and P, are mounted on 
this lower plate near its front edge. These pillars 
have cups in their rear into which the front balls of 
two ball-ended rods L, and L,, of equal length, are 
made to work. The balls at the rear ends of these 
rods similarly work in two cups in a rocking piece 
M, M, in the form of a U, shown partly dotted in Fig. 
3, the cups being at the same distance from one an- 





t Transactions of the Society of Arts, vol. 50 (1834.) 


other as those in the pillars P, P,, so that the rods are 
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maintained parallel to one another. By this 
linkage the rocking piece can be made to move 
transversely, remaining always parallel to itself. 

The tops of the vertical arms of the rocking piece 
are pivoted into the rear of the stage ; as, therefore, 
this rocking piece rotates about the rear balls of 
the rods as an axis, the stage can be moved to and 
fro from front to back; thus by the combined 
motion of the rods sideways and of the rotation 
of the rocking piece, the stage can be moved in any 
direction, always being kept parallel to itself. A 
tubular spring N, acting on the middle of the rocking 
piece, pulls it forward and so keeps the rods in 
compression and their ball ends in their respective 
cups. The mechanism is simple and pleasant to 
operate, the hand of the observer resting con- 
veniently on the table, and it is surprising that, 
although invented over 100 years ago, it has never 
been adopted for work in which the movement of 
living organisms has to be studied. 

Cornelius Varley was an original man, he invented 
several electrical instruments as well as optical 
devices. A prophet is often not appreciated in his 
own day, and this was Varley’s fate. John Mayall, 
jun., who gave the Cantor Lectures on “The 
Microscope ” before the Society of Arts, has a foot- 
note to the published account of his fifth lecture 
(December 21, 1885), in which he discusses the stage 
mechanisms of various makers. The footnote is 
as follows :—‘‘ I purposely exclude Cornelius Varley, 
for, in my opinion, most of his contributions to the 
mechanism of the microscope bordered so much on 
the bizarre that their influence has retarded rather 
than advanced the best points of construction.” 

Two other examples of this Varley stage mech- 
anism are known, one in the South Kensington 
Museum and the other in the Clay Collection at the 
Ashmolean Museum, Oxford. 





SALE OF SPARE ELECTRICAL EQUIPMENT.—At the 
beginning of the present year, arrangements were made 
for the disposal of the National Wartime Pool of Spare 
Electrical Equipment, which was being administered by 
the Central Electricity Board. A considerable proportion 
of this equipment, we are informed, has been acquired 
by electricity supply undertakings in this country and 
a still larger proportion by overseas buyers, mainly 
through the agency of U.N.R.R.A. These sales have 
realised a sum of over 720,0001., of which 460,0001. is 
on foreign account. The remaining items in the Pool, 


which are still available for purchase, include trans- 
formers with capacities from 5 MVA to 20 MVA, together 
with a quantity of 11-kV switchgear and some 11-kV 
cable. 
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Précis de Radioélectricité. By PROFESSOR EDMOND 
DivorrRE. Masson, 120, Boulevard Saint-Germain, 
Paris, VIe. (Price 240 fr.) 

TuE object of this book, written during the German 
occupation of Belgium, is to present in broad outline 
a general survey of the state of radio development 
at the outbreak of war. It is not just another of the 
popular and purely verbal accounts, but a judici- 
ously balanced and logically developed exposition, 
owing much of its crispness and conciseness to the 
inclusion of the necessary minimum of mathematics. 
Professor Divoire, in writing it, has had a view not 
so much the future radio specialist as the engineer 
or scientist whose main interests lie elsewhere, 
but whose general inclinations extend to the impor- 
tant related field of radio. A historical sketch is 
followed by a general statement of the basic prin- 
ciples underlying the transmission and reception of 
wireless signals. Maxwell’s equations are formu- 
lated and shown to imply the propagation of an 
electromagnetic wave with the velocity of light. 
An excellent résumé of circuit theory includes series 
and parallel resonance circuits, coupled circuits and 
transmission lines. Chapter II reviews the many 
types of thermionic vacuum tubes now in use and 
the functions they are designed to perform. The 
emission of wireless signals occupies the next three 
chapters. Brief mention of the original spark and 
the early arc transmitters precedes the more detailed 
discussion of valve oscillators. The importance of 
frequency stabilisation is stressed, and the use of the 
piezo-electric quartz crystal as the control element is 
explained. The various methods of modulation are 
dealt with and the principles of television trans- 
mission clearly described. 

Chapter VI provides an admirable survey of the 
radiation from antennz, and the following chapter 
contains a discussion of the direct and indirect pro- 
pagation of electromagnetic waves and of the 
schemes in force for the apportionment of radio fre- 
quencies among the various national and interna- 
tional broadcasting services. The next two chapters 
are dévoted to the reception of radio waves and the 
means adopted for extracting from them the message 
they convey. Directional arrays designed for beam 
transmission, and frame aerials for direction finding, 
are described and illustrated by reference to radio 
aids for marine navigation and the blind landing of 
aircraft. The concluding chapter discusses some 
present and future problems of radio. 

Few misprints were noted. Letters are missing 
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from ptitnee on pages 52, 105 and 180. S is omitted, 
and, the mets for p should be inverted, on 


page 51, K ~ should read 4 on page 182, and, on page 


205, ¥ = @ should il % =0. While the book 
itself is well produced, many of the figures are too 
small for clarity. 

It is a conspicuous achievement to give a con- 
nected account of so vast a subject in the small space 
of 220 pages. A chapter on methods employed in 
radio-frequency measurements, however, would 
probably prove useful to the class of reader for 
whom the book is intended, and an outline of the 
newer microwave techniques would add to its general 
appeal. Since, however, the Radiation Laboratory 
of the Massachusetts Institute of Technology has 
just announced a work in 27 volumes on war-time 
developments of this aspect of radio, a mere chapter 
would manifestly be inadequate. It is to be hoped 
that Professor Divoire will consider another volume, 
summarising these more recent advances in radio. 


Limestone Roads. By P. A. VALTON, B.Sc., A.R.I.C. 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 10s. 6d.] 


Tuts book is the second of a series which is being 
produced, apparently under the egis of the British 
Limestone (Roadstone) Federation, with the object 
of giving full information on the characteristics 
and merits of limestone aggregates for various 
classes of constructional work. Mr. Valton, as 
general and technical manager of the Mendips 
and Gloucester group of a well-known q 
company, is well qualified to deal with the subject 
and has produced a concise elementary treatise on 
the properties, manufacture and laying of different 
types of limestone road-surfacing materials. The 
book opens with some notes by Mr. D. R. Gwinner, 
on the geology of limestones, accompanied by a map 
of certain limestone formations of England and Wales 
and a table showing their degree of usefulness for 
road-stone purposes. The chapter as a whole 
serves to give some indication of the wide variation 
in quality of limestone aggregates obtained from 
different districts and from local quarries in close 
proximity to one another. .This is a matter of 
considerable importance to practical engineers 
and it is necessary to emphasise that the remainder 
of the book generally refers only to good quality 
carboniferous mountain limestone. 

Proceeding to consider the physical and chemical 
properties of limestone, Mr, Valton describes clearly 
the various standard tests and the main requirements 
of a good road. The importance of adhesion is 
stressed, with particular reference to the Riedel- 
Weber test, and the author’s unqualified recom- 
mendation of the last-named makes interesting 
comparison with the views held by some other 
experts who, while agreeing on its merits, consider 
that there are certain dangers and inconsistencies 
inherent in the practice of giving average adhesion 
values and of fixing a definite demarcation between 
solutions No. 3 and No. 4 for “‘ fair” and ‘“‘ good ” 
powers of adhesion. Mr. Valton’s conclusions on 
the degree of slipperiness of limestone surfacings 
are in marked contrast also with the opinions held 
by some county authorities, and it is noteworthy 
that he considers the abrasion and attrition standard 
tests to be of dubious value nowadays. 

Much useful information is contained in a section 
on uncoated limestone, and the clear exposition 
of sizes of broken stone and chippings especially is 
commendable. In later chapters on various classes 
of roadwork, comprising tar and bituminous maca- 
dam and paving materials, limestone carpets, and 
hot-process asphalt, extensive reference is made to 
the relevant British Standard Specifications and 
the author’s comments thereon are pertinent and 
informative, especially as, in many instances, they 
apply equally to rock aggregates other than lime- 
stone. The concluding chapter on _ limestone 


concrete roads is more or less a reprint from Mr. J. 
Singleton-Green’s recent treatise on Limestone 
Concrete, and consists largely of records of tests 
and experiments. As such, it barely touches the 
fringe of the subject of the book and in some cases 





the evidence put forward would hardly seem to 
justify fully the writer’s own conclusions. 
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THE ROYAL OBSERVATORY. 
(Concluded from page 293.) 


A FURTHER interesting design feature of the photo- 
graphic zenith tube concerns the emission of elec- 
trical signals from the moving carriage. The 
method originally proposed for this purpose has been 
successfully developed and found to have ample 
sensitivity and to function satisfactorily at a fixed 
location in the laboratory ; but its application to the 
photographic zenith tube involves mounting a lamp, 
an optical system, two photo-cells and a pre-ampli- 
fier on the rotary system, which is not only cum- 
bersome but demands a degree of rigidity in the 
mounting of the photo-cells and other components 
that could be satisfied only with elaborate precau- 
tions. Some doubt was felt, moreover, about the 
effect of atmospheric heating from the lamp and 
valves on account of their proximity to the aperture 
ofthe main instrument. The need to overcome these 
difficulties has been avoided by the introduction 
of a new photographic method of timing the carriage. 
This method, which was originally devised in connec- 
tion with the horizontal transit instrument, has the 
further valuable advantage of eliminating the use 
of a precise chronograph, such as would be required 
in conjunction with either the photo-electric or the 
mechanical contacts equipment, because the record- 
ing system itself serves as a chronograph, accurate 
to within one millisecond, for timing the carriage. 
A travelling microscope specially designed for precise 
measurement of the photographic records obtained 
with the zenith tube has been made by the Cam- 
bridge Instrument Company. 

The application of a photographic timing device 
to the horizontal transit instrument presents some- 
what greater difficulty than in the case of the photo- 
graphic zenith tube, because the carriage speed 
of the latter is constant, whereas the speed of the 
horizontal transit mechanism is subject to variations 
imparted by the manual adjustment which is re- 
quired to satisfy the visual criterion of image- 
bisection. This leads to a non-uniform recorded 
time-scale; and, to permit sufficiently accurate 
interpolation to be made, the spacing of the known 
points of the scale will probably have to be one- 
tenth of that used in the photographic zenith 
instrument. There is no difficulty, however, in the 
appropriate modification of the electronic circuits to 
produce the closer spacing. The choice of the 
optimum electrical system to actuate the drive 
for the variable deviation apparatus on the hori- 
zontal transit instrument not only affects the design 
of other components, but is of wider importance 
relative to the general application of drives for 
impersonal micrometers. 

Among the existing astronomical equipment of 
the Observatory, brief reference may be made to 
the Airy transit circle, which is used for observing 
the transits and zenith distances of the sun, planets 
and stars. Atmospheric corrosion due to the pol- 
luted atmosphere at Greenwich is causing pro- 
gressive deterioration of the objective of this 
instrument, while many of the circle graduations 
have almost or completely disappeared in conse- 
quence of the frequent cleaning necessary to coun- 
teract the rapid tarnishing that takes place. Obser- 
vation is thus becoming increasingly difficult and 
the accuracy of zenith-distance measurements is 
decreasing. The instrument also suffers diurnal 
changes of collimation, which are under investiga- 
tion by means of modifications to the ancillary 
apparatus for determining the line of collimation. 
Another instrument—the reversible transit circle— 
was partly dismantled about a year after the 
outbreak of war and the components are now being 
overhauled with a view to the resumption of regular 
observations. Despite the great care taken to 
protect the pivots, by enclosing them in sealed 
wooden boxes filled with rust-resisting grease, 
slight corrosion has occurred and has had to be 
removed by the application with pegwood of a 
paste of oil and diamontine. After a final polishing 
treatment, the pivots have been carefully tested for 
errors by @ special pivot-testing telescope. A 
collimating lens was mounted inside one pivot and 
a small dot in the other. The image of the dot was 

observed in the pivot telescope, which was mounted 





on the pier opposite to the dot. In this way, the 
displacements of the dot as the telescope was 
rotated, which served to measure the pivot errors, 
were measured. In the early investigations with 
this equipment, the dot comprised a small globule 
of mercury on & microscope coverglass, which 
appeared black against an illuminated field. The 
image, however, was not uniformly well-defined at 
all positions of the instrument. Latterly, therefore, 
a tiny circular hole in tinfoil, viewed in a semi- 
dark field, has been used as the dot. This is an 
improvement, because the diffraction rings are visible 
and permit a more critical estimation of the quality 
of the image ; but satisfactory definition is obtain- 
able only when the aperture of the objective of the 
pivot-testing telescope is considerably stopped 
down. An interesting point arising from the use of 
this assembly is that the apparent pivot errors are 
changed not only by rotation of the collimating 
lens, but also by rotation of the cell in which the 
pin-hole is mounted. Systematic differences occur 
according to whether the telescope is turned in the 
direction corresponding to increasing circle readings 
or the reverse. This effect is under investigation, 
together with a thorough examination of the optics 
of the complete system. 

A good deal of interest attaches to the observa- 
tions of the sun’s disc, made with the photohelio- 
graph. Some photographs, showing the sun’s dia- 
meter approximately equal to 3 in., have been 
received from the Solar Observatory situated 
4,500 ft. above sea level, on Kanzelhéhe in Upper 
Carinthia, which is one of four high-altitude stations 
established by the Germans during the war for the 
study of solar phenomena in relation to ionospheric 
conditions for radio transmissions. Observations 
of the sun are being continued at Kanzelhéhe under 
the supervision of Professor Fell, of Graz University. 
At the Greenwich Observatory, great interest has 
been taken in the exceptional sunspot activity dur- 
ing the year ended last April. The mean monthly 
sunspot number is 48, as compared with 16 for the 
previous epoch, the augmented sunspot activity 
being most marked during the early months of 1946. 
Exceptionally remarkable was the appearance, in 
February, of the largest sunspot group ever recorded 
at Greenwich. The maximum area of this group 
was about 4,900 millionths of the sun’s hemisphere, 
and its mean area (throughout its passage across 
the sun’s disc between January 29 and February 12) 
was 4,400 millionths. The giant sunspot, which 
was visible to the naked eye, was accompanied by 
associated ionospheric phenomena, including the 
geomagnetic storm on February 7 and 8, and four 
solar flares of intensity 3, were observed with the 
spectro-helioscope between February 1 and ll. A 
number of other flares were indicated by their effects 
in causing radio ‘ fade-outs,” but could not be ob- 
served on account of cloud. One of them, on 
February 6, lasted for nearly two hours and, no 
doubt, was due to a solar flare of high intensity and 
directly associated with the geomagnetic storm on 
the two following days. The Brentwood radio 
station of Cable and Wireless, Limited, reports 
directly to the Royal Observatory the occurrence of 
any radio fade-outs noticed while transmissions or 
receptions are in progress. This information is 
useful in connection with the observation of solar 
flares. Other ionospheric reports are forwarded 
regularly by the Radio Research Station, at Slough, 
and the British Broadcasting Corporation. 

Among the less spectacular activities of the 
Observatory staff may be mentioned the eminently 
useful work of rating and supplying chronometers 
and watches for the Royal Navy. Nearly 25,000 
such timepieces were received during the year, the 
number being unusually large because of the end of 
hostilities and the subsequent paying-off of ships. 
Nevertheless, the number issued on service, totalling 
nearly 14,000, is still more than five times greater 
than before the war. A large number of wrist 
chronographs have also passed through the repair 
shops. The services of the Observatory to naviga- 
tion are further exemplified by the preparation of 
the Nautical and Air Almanacs, which have to be 
published in advance ; and also by certain items of 
general navigational computation, notably on behalf 
of the Air Ministry, in connection with astronomical 








problems. The methods of air navigation employed 


by the German and Japanese Air Forces during the 
war have been investigated, while important calcy. 
lations have been made in connection with the 
hyperbolic lattices used with the Decca system of 
navigation. 

Of somewhat more general interest are the 
Observatory’s reports on magnetic and meteoro. 
logical phenomena during the year under review, 
Every week-day, absolute observations are made 
of the declination, and the horizontal and vertical] 
intensities of the earth’s magnetic field. The mean 
values of these elements at Abinger, for 1945, are 
compared with the values for the three previous 
years in the following table :— 


Declination | 








. Horizontal Vertical . 
Year. ( West). Intensity. Intensity. | Inclination 
| | | 
deg. min. | | deg. min 
1942 4 10 24°38 | 0-18554 | 0-43146 66 43-9 
1948 ..| 10 16-2 | 0°18556 0-43172 66 44-5 
1944 . 10 7:3 | 0-138566 0-43189 66 44-5 
1945 | 9 50-5 | 0-18573 | 0-43207 66 44-3 
‘ | t 





The mean values for 1945 exhibit no remarkable 
departures from the trends of the preceding years, 
but it is worth mentioning that during an excep. 
tionally severe magnetic storm on March 28 and 29, 
1946, the declination fluctuated through an extreme 
range of 2 deg. 42 min. 

Continuous registration of atmospheric pressure, 
temperature, and pollution; evaporation; wind 
velocity and pressure; rainfall; sunshine; and 
night cloudiness, are also carried out at the Obser- 
vatory. Among the most interesting records is the 
high mean temperature during April, 1946, which 
was 3-9 deg. F. above the average of that month 
for the past 100 years. On April 3 and 4, the 
maximum temperatures reached 76-8 deg. F. and 
79-7 deg. F., respectively, both of which values are 
higher than has ever before been recorded at 
Greenwich so early in the year. The mean tem- 
perature for the whole twelve months up to the 
end of April was 51-4 deg. F., which is 1-7 deg. F. 
higher than the average for the hundred years from 
1841 to 1940. The highest shade temperature, 
registered on August 4, 1945, was 87-8 deg. F. 
Despite these relatively good temperature records, 
only 1,314 hours of bright sunshine were registered, 
representing only 29-3 per cent. of the total theoreti- 
cally possible. Of 80 entirely sunless days, 60 were 
in the five winter months from October to March ; 
while the 61-4 hours of sunshine during September, 
1945, were easily the lowest total ever recorded for 
that month at Greenwich. Comparable figures for 
clarity of the night sky are obtained by directing a 
camera continuously at the star 8 in the constella- 
tion Ursa Minor. There were only 37 nights during 
the whole year on which a continuously unbroken 
trace of this star was recorded, and on 62 nights 
no trace whatever appeared on the photograph. 

Another all-time meteorological record, which 
may be mentioned in conclusion, is the low rainfall 
for the month of November, 1945, which amounted 
to only 0-156 in. This was the driest of the twelve 
months under review, the wettest being July, with 
2-922 in. of rain. The exceptionally dry November 
contributed to make the total rainfall for the year 
(21 in.) lower by 3-33 in. than the average for the 
past 100 years. 





SHIPBUILDING INDUSTRY AND ESSENTIAL WORK 
ORpDERS.—The Ministry of Labour and National Service 
have informed. organisations representing employers and 
employees concerned that the shipbuilding and ship- 
repairing industry, including that of barge-building and 
barge-repairing, will be withdrawn from the scope of 
the Essential Work Orders by the end of this: year. 
Notices will be issued to the individual undertakings 
which are to be de-scheduled, giving them at least one 
month’s notice, and the provisions of the Essential Work 
Orders will remain in force for all employers and 
employees until individual de-scheduling takes effect. 
It is pointed out that certain features of the Essential 
Work Orders may have affected agreements between 
employers and employees in the industries concerned, 
and the object of giving notice of withdrawal is to provide 
an opportunity for joint consideration and any readjust- 
ment which may be required in consequence of the 





changed conditions. 
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SHIP SALVAGE.* 
By G. R. Crrrcnuey, €.B.E., M.A. 


Av the outbreak of war, the Admiralty owned no 
salvage vessels or rescue tugs and no salvage plant 
other than a few pumps in the home dockyards to 
deal with minor casualties to warships. As the Ad- 
miralty intended to control and direct ship salvage 
during the war—and in retrospect it is possible to say 
that no other course would have been effective or 
practicable—the author was appointed Admiralty 
Agent, and accepted responsibility on behalf of the 
Liverpool and Glasgow Association for all inshore 
salvage work over the whole west coast of the British 
Isles from Land’s End to Cape Wrath and the Irish 
coasts, and also agreed to co-operate with the Admiralty 
by providing and dispatching salvage resources else- 
where while a Salvage Department at the Admiralty 
was in course of establishment. This arrangement 
involved a primary duty to extend the salvage organi- 
sation so that it could deal with every inshore casualty 
whether simple or complex, attractive or unattractive, 
vithout the element of personal choice which is a 
prerogative of private enterprise. In peace-time, the 
technically unusual or complex salvage operation is 
most attractive to the professional salvor, but in war 
it became imperative that simple casualties should be 
treated as of at least equal importance, since the 
affected ships could be restored to service by slight 
repair, whereas the complex case of a badly damaged 
ship sunk, stranded or beached in an exposed position 
generally involved that, in addition to the time occupied 
in salvage operations, the vessel was laid up for some 
months waiting for dry-dock accommodation and 
afterwards undergoing repair. 

During what is now recalled as the “* black period,” 
from the end of August, 1940, to the end of May, 1941, 
casualties were so numerous that, if once salvage had 
been allowed to fall into arrear, the leeway could 
never have heen made good and ship: would have been 
lying exposed to continuing hazard, with simple cases 
deteriorating into complex cases. Throughout the 
war period, there was an average of two merchant 
ship casualties in every five days over the west coast, 
but in the “‘ black period ” hardly a day passed without 
a new casualty, and on several occasions there were 
as many as four casualties during a period of 24 hours, 
ranging from Stornoway to the Bristol Channel. In 
January, 1942, during a whole south-easterly gale and 
blizzard in the Irish Sea, which veered as it extended 
northwards and was a whole westerly gale in the 
Hebrides area, 16 ocean-going merchant ships were 
driven ashore in the Minch and west side of the 
Hebrides, and five merchant ships and their escorting 
corvette stranded on bad rocks north of Strangford 
Lough. During one night in mid-December, 1942, 
16 tank landing craft were sunk and 25 driven ashore 
in Loch Fyne in a whole southerly gale, and all were 
salved by the first week in January, 1943. These 
examples indicate special conditions of stress which 
the organisation had to be flexible enough to meet, 
while still coping with ordinary day-to-day emergencies. 

During the first six months of the war, marine casual- 
ties over the west coast greatly preponderated over 
war casualties, which principally resulted from enemy 
mining rather than from submarine attack. It was 
known that Germany had about 50 U-boats, but it was 
anticipated that about 200 such vessels would be in 


service within twelve months. During the first month” 


of the war, 35 vessels of 160,000 tons were sunk, but the 
intensity of the attack dwindled until March, 1940, and 
it was concluded that the enemy had withdrawn his sub- 
marines from the attack on shipping for the operations 
in Norway. From the point of view of salvage over 
the west coast, this pause in enemy submarine activity 
enabled not only the building up of salvage resources of 
personnel, craft and material, but also the establish- 
ment of bases along the coastline in pursuance of the 
plan that salvage assistance should be within easy 
reach of any casualty within or adjacent to the prin- 
cipal ports of the north-western and south-western 
approaches, and that first-aid should be given promptly 
to casualties anywhere along the coastline. Enemy air 
attack upon the ports was expected to develop earlier 
than it did. A base, in charge of a senior engineer 
salvage officer, was established on the Island of Bute, 
with Kames Bay as the principal beaching place and 
Rothesay Bay and Kilchattan Bay as subsidiary places, 
and a similar base was established at Swansea, with 
Mumbles Bay as a beaching ground. The purpose was 
to focus all casualties brought into the north-western 
and south-western approaches by rescue tugs or escort 
vessels, so that one experienced salvage officer and a 
squad of fully-trained salvage personnel could under- 
take and direct the work of a number of cases with the 





* Paper read in Glasgow on September 724, 1946, at a 
joint meeting of the Institution of Naval Architects 
and the Institution of Engineers and Shipbuilders in 
Scotland. Abridged. 











assistance of partly-trained salvage officers and per- 
sonnel. 

After the fall of France, and the consequent routing 
round the north of Ireland of all shipping to and from 
the United Kingdom, Bute became the principal base, 
and it constituted an ideal source for quick and intensive 
training of officer and men recruits; the Admiralty 
availed themselves of the training facilities it afforded 
by sending a number of their own officers for training 
in readiness for the invasion of the Continent and the 
Far Eastern operations. Bases were also established 
at Belfast and Milford Haven in charge of seamen 
salvage officers, the predominant function of these two 
bases being to deal with casualties not only in the respec- 
tive estuarial waters, but also along the open sea 
coasts. On two occasions, a similar base was established 
at Oban, but had to be abandoned after short periods 
on each occasion, as the Admiralty required the salvage 
vessels and personnel for service in the Mediterranean. 
A chief salvage officer and his remaining colleagues, 
together with a staff of long-service skilled personnel, 
were based at Liverpool as a central position from which 
they could be dispatched anywhere by road, sea or 
air. The principal storage depot and workshop was 
retained in Liverpool, whence salvage plant could be 
radiated by road or sea, as required. However, as 
the war at sea became more intense, the officers, men 
and plant basedat Liverpool were so constantly switched 
from casualty to casualty that they rarely returned to 
base, and on several occasions the salvage resources 
were so overstrained that it became necessary to send 
to casualties from the Liverpool base elderly men who 
normally were treated as too old for that duty and were 
employed in the workshop to overhaul and repair sal- 
vage plant when it was returned after use at ca*ualties. 
The Belfast base was organised so that, if a casualty 
could not reach the Belfast or Clyde base, salvage 
resources could be quickly dispatched by road so a: to 
be transferred on board the damaged vessel from Lough 
Foyle, and she could be taken into that lough if the 
emergency so required. 

The author is of opinion that one of the most impor- 
tant factors in enabling very limited salvage resources 
to perform the unprecedented volume of salvage work 
was the virtual abandonment of the peace-time practice 
of spending weeks in patching large fractures and 
restoring complete buoyancy to vessels, when they 
could be made fit to enter ports by quicker means, such 
as the isolating of flooding to a single compartment and 
the rectification of trim. This peace-time practice 
persisted mainly owing to the refusal or opposition of 
port authorities to the admission of damaged vessels 
into their ports; but the conditions of war demanded 
that the ports should be places of refuge for damaged 
vessels if such vessels could be kept afloat during the 
course of discharge of their precious cargoes and until 
they were dry-docked. On the Clyde, an agreement 
was easily reached with the harbour authorities and 
the naval authorities, acting conjointly, that our 
declaration of a vessel’s fitness to enter the River Clyde 
would be accepted, and it was implicit in such a declara- 
tion that it was rigidly honoured by our standing by a 
vessel to maintain control with pumps or air com- 
pressors and to control trim and stability during the 
course of discharge and until eventual dry-docking, 
whenever the circumstances so required. Elsewhere, 
however, in the early days of the war, it was sometimes 
necessary to make representations to the Admiralty, 
whereby an order was issued that a damaged vessel 
must be given accommodation in port. Gradually 
the opposition of the port authorities dwindled, and 
the new technique of taking into the ports damaged 
vessels with one or more compartments open to the sea 
became normal, with the effect of accelerating the 
pace of salvage work. 

On the west coast, the first war casualty was the 
Brocklebank vessel Marwarri (8,067 tons gross ; built 
1935), which was mined in the Bristol Channel on 
October 5, 1939, with a part cargo of anti-aircraft 
ordnance. The vessel was taken in tow by Swansea 
tugs with the machinery space, deep tank and No. 5 hold 
flooded and apparently tidal, and Nos. 1, 2, 3 and 6 
holds filling rapidly. In this precarious condition she 
was beached, two hours after high water, near the 
Mumbles Light, on a steeply shelving beach in a 
position where, at that state of the neap tides, her after 
deck was submerged 3 ft. to 4 ft. at high water, but with 
plenty of freeboard forward. This proved to be the 
first case on the west coast of damage by a magnetic 
mine. The nature of the weapon was unknown at the 
time of the salvage operations, and perplexity was 
caused by the fact that, although there was wholesale 
devastation on deck, the divers were unable to trace 
any fracture in the hull to account for the tidal condi- 
tion of the machinery space, deep tank and No. 5 hold 
and the flooding of the remaining compartments, though 
there were numerous started rivets. A concentration 
of three 12-in. salvage pumps, each discharging 840 tons 
per hour, and three smaller pumps of an aggregate 
output of 550 tons per hour, revealed what afterwards 
became such a familiar feature of blast effect, namely, 





the fracture of main injection and discharge, bilge 
injection and discharge, and all other ship-side castings. 
After these openings had been plugged by divers and the 
entire vessel drained and refloated, it was found that 
there was corrugation of the bottom but no fracture, 
and internally all bilge pipe-line castings were frac- 
tured. The vessel was engined by three single-reduc- 
tion turbines geared to a single shaft, and although there 
was a good deal of devastation in the engine room, 
there was no vital damage to the machinery. 

About 24 hour: after the Marwarri was mined, the 
Royal Mail Lines’ Diezel-engined vessel Lochgoil 
(9,462 tons gross ; built 1922) was mined by a magnetic 
mine in the same locality while outward bound from 
Newport for Bermuda and San Francisco with tinplates 
and general cargo. Her draughts on sailing were 
15 ft. 3in. forward and 19 ft. 5in. aft, and shortly after 
the explosion, had increased to 25 ft. forward and 30 ft. 
aft. She was beached inside the Mumbles in a position 
where, at high-water neaps, soundings showed 26 ft. 6 in. 
forward and 32 ft. aft. These soundings indicated 
that her fore body and after body were off the ground, 
but sights showed she was sagged 10 ft. amidships and 
that her midship section was bearing heavily on the 
ground and had settled into the sand. The ship’s 
sides and decks were badly buckled in way of No. 3 
hold, and the main sheerstrakes on both sides, in 
addition to several strakes of side plating and deck 
plating in way of No. 3 hold, had fractured; the 
engine room and No. 3 hold were open to the sea, and 
all other holds were leaking badly. Every winch 
bedplate was broken and every deck structure was 
cracked. 

From the point of view of salvage, the factors which 
principally affected the operations were the deck 
damage and, in particular, the breakage of the winch 
bedplates, which, in association with the devastation 
of the machinery space, deprived the salvors of any 
use of the ship’s equipment. It is very rarely in peace- 
time that such a situation arises, and, indeed, it is 
substantially confined to instances of very bad ship 
fires. Although it is common that the machinery 
space of a damaged vessel may be out of action, 
generally it is possible to use at least part of the deck 
machinery by supplying steam from a salvage vessel or 
coaster through flexible steam piping or from portable 
boilers if the winches are steam-driven, or electrie 
current from a salvage vessel or from portable electric 
generators if the winches are electrically driven. The 
result of the deck damage in this case was that all work 
of removing cargo, hatch beams, the debris of ship’s 
equipment, etc., had to be performed by hand or by 
using the derricks of an attending vessel, which, 
however, was only available at high water owing to the 
height of the ship’s sides at low water. Furthermore, 
the fuel oil from the vessel’s tanks permeated every- 
thing and left a slippery scum as it rose and fell with 
the tide. The most ominous feature of the situation 
was that although Nos. 1, 2, 4, 5 and 6 holds were 
leaking badly, the flooding did not keep pace with 
the rise of tide; hence the residual buoyancy of these 
compartments produced recurring bending stresses 
on the already weakened structure amidships, so that, 
at each low water, she was hard aground over her whole 
length and at each high water the ends were afloat. 

A diver’s examination showed that the main injection 
valves and all other ship-side valves were broken, 
and that, on the starboard side at the after end of No. 3 
hold, adjacent to the engine-room bulkhead, there was 
a jagged fracture extending from a point just above 
the bilge as far under the bottom as the diver could 
reach, and on the port side a similar fracture extended 
5 ft. above the bilge. Patches were fitted over the 
ship’s side openings to the engine room, and a concen- 
tration of salvage pumps of an aggregate capacity 
of 4,000 tons per hour succeeded in lowering the water 
in the engine room and Nos. 2 and 4 holds, and gave 
sufficient flotation for the vessel to be hove about one 
ship’s length farther up the beach; but by that time 
the tides had advanced so far to the springs and the 
structure had become so flexible amidships that it was 
decided to cut scuttling holes in Nos. 1, 2, 5 and 6 holds 
to allow these spaces to be flooded in synchronisation 
with the rise of tide, and thus to eliminate the bending 
stresses by keeping the vessel hard aground over her 
whole length at all states of the tide. A point of detail 
in regard to salvage practice is that the scuttling was 
controlled by fitting gate valves—usually of 12 in. 
diameter—over the scuttling holes, with operating 
rods led to an upper deck. 

No. 3 lower hold and Nos. 3, 4 and 5 ’tween decks 
were refrigeration compartments, and the insulation 
material, saturated with fuel oil, masked the sources 
of leakage and produced the greatest handicap in No. 3 
hold, which was in the region of the worst damage. 
However, access was obtained to the bulkhead between 
the engine room and No. 3 hold, which was found to 
be split at three landings. The uppermost of these wa; 
plugged, but it was impossible to obtain access to the 
lower openings. After leakage through the bulkhead 
and all other traceable sources of leakage had been 
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closed, salvage pumps succeeded in reducing the water 
to the level of the engine-room platform, when it was 
found that a valve chest had been broken off the bulk- 
head and all the pipes to the chest broken, leaving five 
4}-in. holes open through the bulkhead. After these 
holes had been stopped, the water level was reduced 
further and disclosed other sources of leakage through 
fractured valves and started seams. By November 24, 
control of the engine room had been obtained to 
within a foot of the tank top, and men crawling in 
wading dresses below the platform found a number of 
additional pipes broken off the tank top, leaving holes, 
the largest of which was 6 in. in diameter. This tank 
was found to be open to the sea—from a fracture 
across the ship’s bottom—resulting in leakage into the 
engine room. These holes were plugged and the plugs 
shored down from the underside of the platform 
framing, and other principal sources of leakage through 
the tank top were closed, after which one 12-in. pump 
was able to control the engine room. 

Simultaneously with the work in that compartment, 
cargo discharge into coasters had been in continuous 
progress as well as closing and stiffening work in 
way of No. 3 hold, which involved cutting out the 
fractured and distorted sections of the bridge and main 
sheerstrakes and deck stringer plates, and the replace- 
ment of these sections by new plates, which were 
welded and supported, in the case of the sheerstrakes, 
by two 10 in. by 4 in. fore-and-aft channel bars on each 
plate, and in the case of the stringer plates by three 
heavy bulb bars 40 ft. long on the port and starboard 
sides, respectively. All cracked deck and shell plates 
were welded ; all sprung rivets cut out and renewed ; 
No. 3 main hatch was closed and ‘sealed, and com- 
pressed air was injected into that compartment at 
7 lb. per square inch, equivalent to a displacement of 
16 ft., to give sufficient buoyancy to bring the deck 
into slight tension and the double bottom into slight 
compression, or, in other words, to relieve the sagging 
stress. 

Although use was made of a portable Reavell rotary 
compressor driven by a Gardner petrol engine of 
48 h.p., and capable of delivering 850 cub. ft. of free 
air per minute to a maximum pressure of 10 lb. per 
square inch, and this was augmented by an Ingersoll- 
Rand compressor with a delivery of 350 cub. ft. of 
free air per minute (either of which would have been 
adequate for such a compartment in the case of damage 
by ordinary marine casualty) the structure was so 
badly weakened that the required pressure could not 
be maintained in excess of a few pounds per square inch. 
The vessel had to be brought to a maximum draught 
of 27 ft. to enable her to be dry-docked in Swansea, 
and with No. 3 hold under compressed air and all 
other compartments under control of pumps, she was 
refloated and delivered into dry-dock on November 28, 
1939. 

This narrative gives in the barest detail an account 
of the operations, which were characterised throughout 
by the groping discovery of one source of leakage after 
another owing to the widespread nature of the damage. 
Some indication of the conditions in the engine room 
can be obtained from the disclosure that the bedplates 
of the twin-screw Burmeister and Wain Diesel engines 
and eight columns were badly fractured ; 16 camshafi 
brackets broken; Michell thrust-blocks broken and 
the shafts lifted 4 in. out of their bearirgs, two main 
compressor beds fractured, and all cast-iron pi 
flanges and bends broken ; the bedplates of two 100-kW 
Diesel generators for the auxiliary machinery were 
broken, and the intercoolers on all four Diesel generator 
engines and all pump and auxiliary compressor castings 
broken. The vessel was repaired and renamed Empire 
Rowan. 

(To be continued.) 








BRITISH EXPORTS AND IMPORTS OF MACHINERY.— 
According to the Board of Trade Journal for September 21, 
1946, the value of the machinery exported from the 
United Kingdom during August was 9,181,0001., com- 
pared with 10,863,0001. in July. The monthly averages 
for the first and second quarters of the year were 
6,306,0001. and 8,685,0001., respectively. The value of 
the retained imports during August was 1,115,0001., 
compared with 1,201,0002. in July. 





MODIFIED FISCHER-TROPSCH PLANT IN TEXAS.—The 
first large-scale commercial plant in the United States 
designed to produce synthetic petrol, Diesel oil and 
alcohols by a modified Fischer-Tropsch process is to be 
built at Brownsville, Texas. The plant is scheduled to 
start production by early 1948 and will cost between 
15 million and 18 million dols., of which up to 9 million 
dols. has been authorised as a loan by the Reconstruction 
Finance Corporation. The operating company will be 
Carthage Hydrocol, Incorporated. The designed daily 
production capacities are 5,800 barrels of high-octane 
petrol, 1,200 barrels of Diesel oil, and 70,000 Ib. of 
alcohol. 
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UNDERGROUND RAILWAYS AND 
LONDON PLANNING.* 
By J. C. Marti. 


Tue scheme of the Railway (London Plan) Com- 
mitteef is drawn up with a proviso that half the South- 
ern Railway terminal stations should be abandoned, as 
suggested in the County of London Plan, 1944, and lays 
down what will be necessary in replacement to bring 
all those people living south of the river into the city 
and the “ West End.” The scheme does not stop 
short with reinstatement, but includes similar facilities 
for the suburban services of the other main-line com- 
panies, which, following the Southern Railway’s 
example, are already embarking on general electrifi- 
cation. The planning of additional tube lines is also 
included in the scheme. The subsoil of London, 
however, is already becoming congested, and so the 
planning of the new railways, in larger tunnels, will 
need a great deal of thought. The under-river cross- 
ings of twin tunnels at eleven places add to the diffi- 
culties of grading and routing. It will take some years, 
under the closest co-ordination with everybody con- 
cerned in the major planning, to arrive at the stage 
when construction can be begun. The main-line 
railways must think out the widenings of many of their 
lines, the proper locations of a score of tunnel portals 
will have to be determined, and rolling-stock depots 
will need to be designed ; all before submission to Par- 
liament of the necessary plans for obtaining powers to 
construct. 

As a general rule, these new lines will have to 
be built in zones of the subsoil beneath those already 
occupied by existing works ; the character of the lower 
strata must be explored by boring in some hundreds of 
places, before it can be determined to what extent 
working in compressed air can be avoided. The siting 
of the station tunnels, their alignment, and the run of 
the tunnels as a whole, will require the most careful 
study, as curves of very much greater radii than was 
thought allowable, in the early part of this century, 
for the smaller diameter tubes, must be used. In those 
days, curves of 6, 7 and 8 chains radius were permissible ; 
for these new lines must be designed for the running 
of larger and heavier stock at considerably higher 
speeds than on the earlier tubes. The ruling radius 
should not be sharper than 20 chains, except for 
short lengths on approaching and leaving stations, 
where 15 chains might be permitted in special circum- 
stances. Owing to the much greater length of the 
trains, 650 ft. instead of 350 ft. on the existing tubes, 
and the correspondingly increased number of doors 
to be kept in view of the guard while the train is 
loading, these new platforms should be straight or 
built on such an open radius that there is full sight of 
all doors from the rear of the train. These conditions 
create much difficulty in bringing the new stations 
close to the present stations and in arranging convenient 
passages for interchange. The interchange problem 
will also need a great deal of solving at places where 
two or three new stations intercommunicate with 
two existing stations. 

The building of the original sections of the Bakerloo, 
Piccadilly and Hampstead tubes in the years 1903 to 
1907, with an aggregate length of about 23 miles, taxed 
all the resources of the London contractors capable of 
doing this specialised type of work, and the iron 
foundries in the north were hard put to it to supply 
the requisite daily quantities of iron tunnel lining ; 
the 23 miles of railways needing about 13,000 tons per 
mile, or about 300,000 tons in all. The building of 
the new group of main-line sized tubes will consume, at 
the very least, 3 million tons of iron, but, fortunately, 
in a longer period of time. Another problem will arise 
in respect of the disposal of the excavation, amounting 
to about 50 million cubic yards of clay. In the early 
days, vast quantities were dispatched to Peterborough 
and tipped into worked-out clay pits of the Fletton 
brickyards, a great deal of the spoil was disposed of in 
old gravel pits in the London area, and the remainder, 
about half a million cubic yards, was discharged into 
barges at the river shafts at Hungerford Bridge and 
dumped in the Thames Estuary east of the Nore. 
There will be well over ten times the spoil to be disposed 
of in the new scheme, and every site in the London area 
is full to overflowing with rubble collected from the 
shattered buildings during the war. Before any of the 
works can be constructed, there is also the “ night- 
mare ” of setting out, and all the tedious and intricate 
business of making the surveys. 

Some way should therefore be found at the earliest 
possible moment to make a beginning of London’s 
reinstatement. For that purpose, it is necessary to 
set up a Select Committee or Commission of practical 
people, to work continuously on formulating the work 
and seeing that estimates are given in terms of money 





* Paper read before the British Association Conference 
on London Traffic and the London Plan, in London, on 
September 12-13, 1946. Abridged. 

t See ENGINEERING, vol. 161, page 445 (1946). 


and time for everything needed. The destruction of 
good and bad alike in order to create some grandiose 
change in London and so make it unrecognisable 
would have to be avoided. London’s present dis. 
figurement must not be allowed to continue inde. 
finitely, which it assuredly will do if we proceed on the 
lines of the verbal and pictorial plans which have been 
suggested by eminent people and associations who 
may not be realists. 

Communications must be planned first, and railways 
before roads. The wholesale removal of main-ling 
railway termini to new sites is unnecessary. It would 
mean the dislocation of the existing system of Under. 
ground railways. In regard to roads, there must be a 
very strict limitation on what is done. New arteries 
should not be planned regardless of the hundreds of 
millions of pounds which have been spent in building 
up all those utility services beneath ground-level. It is 
also inappropriate to construct roads over present main 
thoroughfares. Road engineers must therefore content 
themselves with judicious and economic widenings, 
excepting where slum clearance may offer them a little 
more scope. Buildings must come third on the list, 
except in large devastated areas, where rebuilding is 
already long overdue. 

A co-ordinating body of some 20 persons, chosen 
for their judgment and proven technical knowledge 
of their separate professions, and supported by the 
properly staffed draughting offices they would need, 
could produce within two years a practical plan for 
London, provided that their work was uninterrupted 
and that they were such men as would reasonably 
combine as a team. 





COMPARISON OF LOCOMOTIVE. 
COAL COSTS. 

An analysis, which is of topical] interest, has been pre- 
pared by the Great Western Railway Company to show 
the relation between pre-war and current prices and 
consumption of coal, in regard to the operation of loco- 
motives over their system. Including coal, the cost 
of nearly all railway materials rose steeply during the 
war, and as the railways are among the largest con- 
sumers of coal in the country, the cost of fuel is of out- 
standing importance. In 1945, due to increased con- 
sumption and prices, the cost of locomotive coal used 
by this railway was 4,700,0001., which was an increase 
of 2,900,0001., or 160 per cent., on the cost for 1938, 
and though the average price per ton of locomotive 
coal in 1945 was 126 per cent. above the pre-war price, 
it has increased still further to 151 per cent. in the 
first six months of the current year. To show the full 
significance of this increased operating expenditure, 
it is convenient to reduce both consumption and 
cost to a per engine mile basis and then to combine 
the percentage increase in each item for the year 
under review. In this manner and from the figures 
supplied, it appears that coal consumption per engine 
mile increased by 2 per cent. to 24 per cent. during 
the yeais 1939 to 1945, inclusive, and that, in the same 
period, higher prices of coal caused increases in cost 

r engine mile of from 3 per cent. to 157 per cent. 

us, in the year 1945, the overall fuel cost per engine 
mile was increased by 181 per cent., which figure 
includes 31 per cent. attributed ‘to the higher cost 
of the extra coal consumed per mile. It is explained 
that the increase in coal consumption during the war 
years was due to three factors. Firstly, while consump- 
tion per engine mile in 1938 was 41-27 lb. for passenger 
services and 44-80 lb. for goods traffic, the wartime 
demand for increased freight transport caused a curtail- 
ment of passenger services ; and the transference of a 
large proportion of engine mileage from coaching to 
goods traffic, at the heavier rate of coal consumption, 
quickly increased the average consumption per mile. 
Secondly, owing to conditions im d by the war, 
the engines had to use low-grade coal, and even 
briquettes, instead of the usual South Wales coal of 
best steaming qualities, and this caused additional 
consumption. The third factor was contributed by 
unfavourable operating conditions due to the black-out, 
bomb damage and the consequent speed restrictions, 
and the general deterioration in locomotive stock. 
It is pointed out that the restoration and improvement 
of passenger services will entail an increase in total 
coal consumption, and it was due to the continued high 
prices and acute shortage of coal that the Great Western 
Railway Company initiated experiments with oil-firing, 
and later converted a number of their locomotives to 
burn oil, a measure which is now being adopted, in 
varying extent, by all the main-line railways. 





FLOTATION TREATMENT OF ORES.—We have received 
from Messrs. Fraser and Chalmers Engineering Works, 
Erith, a fully illustrated descriptive account of the heavy- 
media ore separation processes for ores, to demonstrate 
which they have installed at Erith, a continuous 
test unit, in collaboration with Messrs. Cyanamid Pro- 
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THE WELSH INDUSTRIES FAIR, 
CARDIFF. 

Ar the conclusion of the account of the Welsh 
Industries Fair, Cardiff, held in the early part of the 
year, it was stated in ENGINEERING, vol. 161, page 607, 
(1946), that another similar exhibition would be held 
in the autumn in order to give firms for whom accom- 
modation was not available at the time an opportunity 
of exhibiting. We now give a brief review of this 
second exhibition, which was held in the Drill Hall, 
Cardiff, from September 23 to September 28, inclusive. 
Like the earlier exhibition, the “ overflow ” exhibition 
was of a genera] character, not being confined to 
engineering products, but the non-engineering products 
showed conclusively by their character that the area of 
South Wales is developing industrially in a number of 
ways. In the field of engineering, the largest exhibit 
was that of Messrs. Richard Thomas and Baldwins, 
Limited, 47, Park-street, London, W.1, the greater part 
of the production of which firm, as is well known, is in 
South Wales—at Ebbw Vale, Port Talbot, Panteg, 
Melingriffith, Grovesend, and elsewhere. Naturally, the 
exhibit could not cover the wide range of activities of 
this firm, as steel sheets and plates, tin-plates, pig iron 
and steel ingots, mild-steel bars, etc., do not lend 
themselves to popular display, but an interesting 
exhibit was made by a model house, not shown as 
an example of modern planning, but illustrating the 
extent to which steel and iron enter into the con- 
struction, fittings and furniture of the normal home, 
The aluminium and light-alloy construction evident 
were also Richard Thomas and Baldwin’s products, 
being from the Wern and Briton Ferry works of the 
combine. 

Messrs. D. G. Hall and Company, Limited, Imperial 
Works, Coverack-road, Newport, Monmouthshire, 
exhibited a 13-ton steel-frame railway wagon with a 
wood body, and an all-steel colliery tram, and illustrated 
another aspect of their activities by an 8-ft. dinghy 
along with models of other craft that are built at the 
firm’s Pennar Wharf, Town Dock, Newport, the range 
covering all types of small craft from 45-ft. motor 
fishing vessels downwards. The “ Dab” reversible 
raft to carry 20 persons is an interesting example of 
life-saving apparatus; boat-like in outline, it can be 
launched from a height of 40 ft. if necessary, and will 
float, with its stores accessible, whichever way up it 
may alight on the water. The “ Flotanet ” is another 
ingenious device, being a floating platform of net 
formation and having the advantage of weighing only 
10 lb, per person supported, so that it is easily handled, 
Another exhibit was a domestic gas-operated clothes 
washer. Messrs. John Mills and Company (Llanidloes), 
Limited, Railway Foundry, Llanidloes, illustrated two 
of their main products, namely, their standardised 
steam or compressed-air haulage engines and their 
hydraulic presses. The haulage engines are of the 
self-contained type with either single drums or double 
drums and made in several sizes ranging from cylinders 
4in. bore by 6 in. stroke to 12 in. bore by 24 in. stroke. 
Electrically-driven haulage units from 5 h.p. to 400 h.p. 
are also made. The hydraulic presses include a 60-ton 
bending press mounted on wheels and driven by an 
electric motor, to provide means for straightening or 
curving main line and tramway rails on site. Various 
types of stationary straightening and other presses are 
made, 

Newcomers to South Wales, namely, Messrs. J. 
Collis and Sons, Limited, Cadoxton Works, Barry, 
are now established at this site, though their head 
office remains at Regent-square, London, W.C.1. 
The chief exhibit on ths stand was an electric stacking 
truck which would transport loads of 5 cwt. and lift 
them to a height of 8 ft.6in. This truck is made to deal 
with loads up to 20 cwt. Other of the firm’s products 
were illustrated, such as transporters, trucks and power 
conveyors, gravity roller conveyors being also manu- 
factured. Messrs. South Wales Switchgear, Limited, 
Treforest. Trading Estate, Pontypridd, and also at 
Blackwood, Mon., was another firm the size of whose 
products and their range permitted only limited 
representation. It was evident, however, that heavy 
electrical engineering is now carried on at Treforest, a 
complete range of oil-immersed, self-cooled three-phase 
power transformers being manufactured in all standard 
sizes up to 1,000 kVA, and of voltage ratings up to 
12 kV. Single-phase and three-phase low voltage air- 
insulated transformers are made up to about 30 kVA. 
The high-tension switchgear production is up to 11 kV, 
250 MVA, and oil-immersed isolators and switch fuses, 
low tension switchgear up to 25 MVA, and other gear, 
are made, including pre-fabricated steel substations 
incorporating 11,00U-volt switchgear, power trans- 
formers and low-tension gear. The electric washers, 
cookers and immersion heate.s shown are manufactured 
at the firm’s Blackwood works. 

The exhibit of the Economic Hot Water Supply 
Company (Pontardawe), Limited, Pontardawe, Swan- 
sea, consisted in the main of the ‘‘ Owens” domestic 
hot-water system. This embodies the unusual feature 








of a ball float cock inside the hot-water tank, the cold 
water entering through the cock and being led through 
the tank to the heating boiler by means of a pipe, 
with the result that the cold and hot water do not 
mix in the tank and the difference in temperature of 
the descending and ascending water conduces to a more 
rapid circulation than with the normal arrangement. 
The system is stated to be economical and safe in use; 
it certainly appears to be compact and simple to install. 
A gas-fired water heater in which the gas flame does 
not impinge directly on any of the working parts was 
shown by Messrs. Climax Water Heater and Circulator 
Company, Limited, 24/25, Western Mail Chambers, 
St. Mary-street, Cardiff. Domestic appliances made 
of aluminium, such as step ladders, etc., were shown by 
Messrs. Lyte Ladders Manufacturing Company, 42, 
Fields Park-road, Newport, Mon. A new product, 
largely of domestic concern but interesting as showing 
the extent to which metal is now being used, was a 
display of galvanised standard and plunger flower 
pots, made by Messrs. Fairholme Trailer and Welding 
Company, Limited, 490, Cowbridge-road, Cardiff, for 
use in place of the usual clay products. This firm 
also showed trailers of various types, gates of tubular 
framing, tanks and sheet-metal ducting. 

An industry virtually unrepresented in South Wales 
before the war was illustrated at the stand of Messrs. 
South Wales Forgemasters, Garth Works, Taffs Well, 
Glam., who showed drop stampings from 3 lb. to 300 Ib, 
in weight, in mild, carbon and alloy steels. Foundry 
displays were due to Messrs. Neptune Brass and 
Aluminium Company, Limited, Treforest Trading 
Estate, Pontypridd, and Collingdon-road, Cardiff, 
who confine themselves to non-ferrous castings, and 
Messrs. Tubal Cain Foundry and Engineering Works, 
Limited, Tyndall-street, Cardiff, who produce both 
ferrous and non-ferrous castings and specialise in 
spare parts, replacements and repairs. A new factory 
for the manufacture of both metal and wood-cutting 
saws will be opened in the near future at Sloper-road, 
Cardiff, as an extension of the Little Sheffield Works of 
Messrs. Geo Atkinson and Company (Cardiff), 
Limited, Mill-lane, Cardiff. Since the firm has been 
established some 50 years in the city, the industry is 
not a new one, but it is worth noting that a high 
proportion of the workpeople employed in it are 
disabled miners. 

An exhibit of specifically technical interest was that 
of Messrs. Jenkins (Valye Reseaters), Limited, 76, 
Park-road, Whitchurch, Cardiff. As indicated by the 
title of the firm, the exhibit was a valve re-seating 
apparatus. This apparatus, known as the Gomer- 
Jenkins valve reseater, is designed for the boring 
out or re-facing the seats of screw-down, non-return, 
or similar Lfting valves, in place in the valve chestsy 
The capacity is for valves from 1 in. to 54 in. in dia- 
meter. Rotation of the cutter spindle is effected by 
a hand-actuated ratchet and the feed is given by a 
knurled nut, the necessary constant pressure being 
ensured by a compression spring running on ball 
bearings under the feed-control nut. The apparatus 
is held in place by a bridge attached by two bolts 
to the valve flange, and the progress of the work is 
visible. It can be attached also to valve chests with 
screwed covers. Either a flat surface or a mitre 
can be cut on the seat and, in addition to boring, the 
apparatus can be used satisfactorily as a reamer, since 
it is self-centring. Percussion tools of various types, 
power-operated nibbling shears, and metal storage 
bins were among the exbibits shown by Messrs. B.T.L. 
Products, Limited, St. Jude Works, Caradog-road, 
The Trading Estate, Bridgend, Glam. Messrs. Welsh 
Boxes, Limited, Glandwr Works, Low Level, Landore, 
Swansea, had a good display of sheet-metal furniture, 
the firm specialising in composing-room equipment, 
mostly of this type. A firm showing a specific article 
was Messrs. Thomas’ Patent Floating Metallic Packing 
Company, Limited, Clarence Works, Dock-street, 
Newport, Mon. The packing consists of cast-iron 
rings of a special grade held in place by garter springs 
and housed in boxes enabling them to float with a rod 
out of alignment. Examples of die-cast pistons of 
heat-treated Y-alloy, for automobile and other internal- 
combustion engines, were exhibited by Messrs, World- 
win Products, Limited, Treforest Trading Estate 
Pontypridd. 

In concluding this account of the autumn session 
of the Welsh Industries Fair, at Cardiff, it may be as 
well to make the reminder that the exhibition was 
designed to cover as far as possible all the industries of 
South Wales, and was not exclusively confined to 
products of the engineering industry. At the same 
tame, here and there the influence of that industry 
could be detected in, say, such exhibits as furniture. 
It is officially announced that, in order to demonstrate 
more widely the industrial capacity of Wales and 
Monmouthshire, it is proposed to hold the Welsh 
Industries Fair in the Horticultural Hall, London, 
from January 1 to January 7, 1947, inclusive. Further 
details will be made public later. 








KNEE-TYPE MILLING MACHINES. ° 


THE knee-type milling machine illustrated in the 
plain and universal forms on page 320, although 
embodying some American characteristics, is manu- 
factured in Great Britain by Messrs. Cincinnati Milling 
Machines, Limited, Woodlands Farm-road, Tyburn, 
Birmingham. It is classed by the firm as the “ Cin- 
cinnati No, 2, MI,” milling machine and, from the fact 
that it has 16 spindle speeds, with a ratio of 60 to 1, 
and 16 feeds, with a ratio of 120 to 1, should meet a 
wide range of milling requirements. The plain machine, 
shown in Fig. 1, only differs from the universal machine, 
Fig. 2, in having an ordinary reciprocating table. 
On the universal machine the table can be swivelled in 
the horizontal plane through 45 deg. on either side of 
its centre line and is shown, moreover, as provided 
with a wide-range dividing head. These differences 
will be apparent on comparison of the two illustrations ; 
otherwise the following description applies, with minor 
exceptions, equally to both types. The capacity is 
indicated by the following dimensions. The table 
has a working surface of 49 in. by 10 in. with three 
T-slots ; and when in its lowest position its surface is 
19 in. below the spindle centre line in the plain machine 
and 18 in. in the universal machine. In both machines 
the longitudinal traverse is 28 in., and the transverse 
traverse is 10 in. The distance from the face of the 
column to the inside of the vertical overarm brace, 
when fitted, is 22}, in. It is stated, however, that, 
since the overarm is provided with an internal damper 
which prevents chatter, the brace need only be used 
when exceptionally heavy cuts have to be taken ; it is 
therefore not shown in the illustration, and for normal 
work the machine is employed in the open-fronted 
condition. 

Commencing with the drive, this is a 5 horse-power 
motor running to 1,450 r.p.m., the standard winding 
being for 220/550 volt, three-phase, 50-cycle current ; 
where the voltage is higher than 220, a transformer is 
embodied which reduces the vol at the “ start ” and 
“ stop” push-buttons, seen in the lower part of the 
column in Fig. 1, to 110, in order to protect the operator. 
The motor is housed in the column, access to it being 
by means of the hinged door seen in Fig. 4; the motor 
is automatically stopped immediately the door is 
opened. The motor is carried on a draw-out slide so 
that it can be removed bodily. It will be noted 
that the securing studs have slots, this arrangement 
enabling the driving belts, of which there are four, to 
be shipped or unshipped and also tensioned as required. 
Transmission from the driven pulley to the gearbox is 
through a single-dise dry-plate unit with easily acces- 
sible adjustment. This is controlled by the L-shaped 
lever seen in both Figs. 1 and 2. The vertical leg of the 
lever and the actuating shaft have a meshing splined 
connection, so that the lever can be shipped on the 
shaft in any position in the horizontal plane most 
convenient to the operator. The disengaging move- 
ment of the starting lever stops the spindle instantly 
by operating a multiple-disc spring-loaded brake, as 
well as opening the clutch. The gears between the 
drive and the spindle are all shifted hyd-aulically. 
Selection of a s is made. by rotating the crank 
handle seen in Fig. 1 in the centre of the large grad- 
uated dial on the column. This dial has 16 divisions 
for spindle speeds, which, in the standard machines, 
range from 25 r.p.m. to 1,500 r.p.m., but alternative 
ranges of from 20 r.p.m. to 1,200 r.p.m. or from 
33 r.p.m. to 2,000 r.p.m. are available if required. The 
change from one speed to another is effected by rota- 
ting the crank handle through an arc of 180 deg., which 
movement rotates the dial to the next number on it, 
indicated by a mark on the column, and meshes the 
correct gears for the spindle speed, rotation of the crank 
actuating a valve controlling the hydraulic gear- 
shifting device. The dial functions in both directions, 
for example, to reduce the speed from 1,500 r.p.m. to 
1,160 r.p.m., the handle is turned counter-clockwise, 
and to increase it, is turned clockwise. An interlock 
prevents the speed-change crank-handle from being 
moved while the spindle is rotating. The smaller handle 
seen just below the speed-change dial in Fig. 1 is a 
mechanical spindle-rotation reverse contro! with a 
neutral centre position. 

The spindle, shown in Fig. 3, is mounted in three 
precision bearings, namely, a pair of tapered-roller 
bearings, one each side of the final transmission gear, 
and a ball bearing not shown, at the rear end, that is, on 
the right in Fig. 3. The final gear wheel has been kept 
as large and heavy as possible in order to provide a 
flywheel effect which has been found desirable when 
using sintered-carbide cutters, single-tooth cutters, or 
end mills having widely spaced teeth. The ball bearing 
at the rear end is not constrained in the axial direction, 
in order to allow for possible changes of spindle 
caused by the effects of heat or the pull of the draw-in 
bolt. The spindle nose, on the left of Fig. 3, is finished 
to the No. 50 standard milling machine practice ; that 
is,it has a slotted face 544 in. in diameter with two keys 
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PuLarn MILLING MACHINE. Fie. 2. 





Fie. 3. 


and four tapped holes. The central hole is 2} in. in dia- 
meter at the face and tapers inwards at the rate of 
34 in. per foot, measured on the diameter. The arbor 
bearings are adjustable on the overarm which is, itself, 
adjustable in relation to its overhang from the column. 
The outer bearing is provided with two bosses for attach- 
ment to the overarm brace when this is used, the brace 
being held at the bottom by engaging with the dovetails 
of the cross-traverse saddle ways. The overarm is 
traversed by the star-wheel seen at the top of the 
column in Fig. 1, the three nuts in line with this wheel 
being on the bolts for clamping the overarm to the 
column and the arbor bearings to the overarm. The 
circular openings on these bearings and at the top 
of the column are-windows for oil level indication. 

The knee is of box form and contains the feed-change 
gears. The feeds a: selected in the same way as are 
the spindle speeds, | 7 a large graduated dial and a 
crank-handle. The 16 feeds of the standard machine 
cover, for the longitudinal and transverse motions, a 
range of from } in. to 30 in. per minute, and for the 
vertical motion a range of from } in. to 15 in. per 
minute. As with the spindle speeds, an alternative feed 
range is possible, namely, of from 4 in. to 60 in. per 
minute for the horizontal movements and half those 
figures for the vertical movement. In addition to the 





MAIN SPINDLE. 


feed changes, there is a rapid power traverse which can 
be used with the spindle running or stopped; the 
spindle-speed changes do not, of course, affect the feed 
rates in any way. The rapid traverse is 150 in. per 
minute for the horizontal table movements and 75 in. 
per minute for the vertical movement. The various 
knobbed levers seen in the illustrations contro] these 
movements ; thus, the long, nearly horizontal, lever in 
the foreground in Fig. 2 is the rapid-traverse lever ; 
the long crank handle near the transverse traverse hand- 
wheel in Fig. 1 is for hand movement of the table 
vertically, and the short 'ever, still farther to the left, 
engages the vertical feed. The transverse traverse is 
engaged by the short lever on top of the knee, the 
similar lever above it being the feed-engaging lever for 
the longitudinal traverse. This movement has an 
alternative control in the long horizontal lever seen 
near the longitudinal table-traverse handwheel visible 
near the spindle-speed change dial. The other levers 
not specifically mentioned are for clamping parts in 
position ; for example, the knee and the saddle. The 
hand controls are automatically prevented from rotating 
during the power-feed or rapid-traverse movements, 
and they have micrometer collars which are readily 
re-set. There are the usual table stops, etc. 

The lubrication system is of interest. Parts within 

















Fie. 4. Main Drive. 


the column and the knee are automatically lubricated 
from individual pump and cascade systems, piping 
being employed to convey the oil to the more awkwardly 
situated bearings. The pump in the column also sup- 
plies pressure oil to the hydraulic gear-shift mechanism. 
A tubular strainer on the inlet may be removed readily 
for cleaning. The vertical screw has individual lubri- 
cation. The screw is contained within a telescopic 
tube, the upper element of which is formed with a 
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thread and serves as a nut. The lower part, which is | 
connected by a pipe to a reservoir in the column, is | 
always flooded with oil the volume of which is increased 
or decreased as the knee rises or descends ; the elevating 
screw is, therefore, continuously lubricated. The tele- 
scopic tube referred to is not that seen in Figs. 1 and 2 
underneath thg knee ; this tube surrounds the elevating 
tube, there being an annular s between the two. 
The table ways and parts within the saddle are lubri- 
cated by grease gun and nipple. The arbor bearings 
are gravity lubricated. All oil containers or reservoirs 
have oil-level sight glasses. The coolant system, the 
pump for which is driven by a 0-1-h.p. motor running 
at 2,850 r.p.m., is contained, for the most part, within 
the column and is accessible through a removable cover. 
The coolant collected in the table tray returns through 
the saddle and knee and finally passes to a reservoir 
in the base through the annular space between the two 
telescopic tubes under the knee. 

The normal equipment for the plain machine does not 
include a dividing head, though a standard 10-in. head 
can be supplied if desired. Such a head, however, is 
part of the equipment of the universal machine. This 
has a swing of 10} in., and will accommodate between 
its centres work up to 28 in. long. The dividing head 
shown in Fig. 2 has an enclosed driving mechanism 
for rotation from the spindle gear, with change gears 
for helical milling, as required for spiral gears, while a 
wide range for divisions from 2 to 400,000 can be 
arranged for. Several other attachments are available, 
including circular tables, different types of vertical and 
universal spindle attachments, motor-actuated overarm, 
and hand controls for a rear operating position ; in the 
standard machines all controls can be easily operated 
from the front of the machines. 





PROGRESS IN THE USE OF BAKELITE.—The first issue 
of Bakelite Progress to appear for seven years has just 
been published by Bakelite, Limited, Brackley Lodge, 
Brackley, Northamptonshire. It contains an illustrative 
review of the developments which have taken place in 
the use of the plastic substances indicated by the title. 
It is announced also that the manufacture of vinyl 
chloride for cable insulation is now being undertaken on 
a large scale at Aycliffe, Co. Durham. 





COMPULSORY REGISTRATION OF ELECTRICAL CON- 
TRACTORS.—As the Minister of Works and the Minister 
of Fuel and Power have both stated that they are not 
prepared to recommend the Government to introduce 
legislation for the compulsory registration of employers 
and operatives in the electrical-contracting industry, the 
Council of the Incorporated Municipal Electrical Associa- 
tion have informed the National Committee on Statutory 
Wiring Regulations and Registration that they are not 
prepared to continue their representation on the 





committee. 





20-B.H.P. INDUSTRIAL TRACTOR. 


THE industrial tractor illustrated in Figs. 1 and 2 
on this page has been developed by Messrs. Lansing 
Bagnall, Limited, Isleworth, Middlesex, for use in rail- 
way stations, docks and airports, and in factories 
handling bulky assemblies, or castings, which require 
to be hauled on trailers. Its use on airports, however, 
is not limited to the towing of trailers as it is capable of 
hauling medium-sized aircraft, but its usefulness in this 
direction is, naturally, dependent on the surface of the 
runways. 

An interesting feature of this tractor is its mobility 
as, despite an overall length of 6 ft. 4} in., the outside 
radius of the turning circle is only 6 ft. 8 in., which, 
in conjunction with an overall width of 3 ft. 10 in., 
allows it to be operated in intersecting aisles 5 ft. 4 in. 
wide. This has been accomplished by locating the 
engine as far forward in the chassis as practicable and 
coupling the rear axle directly to the gearbox, there 
being no intermediate propeller shaft. This method of 
construction, which can be seen in Fig. 1, enables 
the wheelbase to be reduced to 3 ft. 4 in. with consequent 
reduction in the turning circle. 

The motive unit is a four-cylinder Morris industrial- 
type engine having a bore and stroke of 77 mm. and 
102 mm., respectively, the cubic capacity being 
1,802 cub. em. It is a side-valve petrol engine develop- 
ing 26 brake horse-power at 2,400 r.p.m., but, for normal 
running, it is governed to run at 1,600 r.p.m., at which 
speed 20 brake horse-power is developed. The cylinder 
block is cast in one piece with the upper half of the 
crankcase, and the cylinder head is detachable. With 
the exception of the main bearings, which are supplied 
with oil under pressure from a cam-operated plunger 
pump, lubrication is by splash from the bottom ends. 
Thermo-syphon cooling is employed, assisted by a belt- 
driven fan immediately behind the radiator. A Smith, 
single-jet, 30 mm. carburettor is fitted but is not bolted 
to the induction manifold in the usual manner, being 
fixed to the cylinder block in the side opposite the 
manifold and connected thereto by a duct cast inte- 
grally with the cylinder block. The carburettor can 
be seen in position in Fig. 1, which shows the tractor 
with the bonnet, scuttle, dashboard and petrol tank 
removed. The fuel is fed by gravity from a four- 
gallon tank situated beneath the scuttle. Magneto 
ignition is used, the magneto being driven by skew- 
gears from the front end of the camshaft. It is fitted 
in an accessible position and can be distinguished in 
Fig. 1 just behind the diagonal stay for the radiator. 
The engine is started by a 12-volt dynamotor, which is 
located beside the gearbox and is eonnected to the 
clutch shaft by a silent chain. A point which typifies 
the attention paid to detail is the incorporation of an 
engine-lifting eye, which can be seen in Fig. 1 fitted to 
the rear of the cylinder head. 

The drive is transmitted to the gearbox through a 
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Fig. 2. 


single-plate clutch immersed in oil, the clutch housing 
and the gearbox forming a single unit with the engine. 
The gearbox, which is fitted with plain spur gears, 
provides three forward speeds and reverse. At the 
governed engine speed of 1,600 r.p.m., the road speeds 
are 2-76 m.p.h., 5-12 m.p.h. and 8-75 m.p.h., respec- 
tively, the corresponding reverse speed being 2-26 
m.p.h. Thd gear change-speed lever is in the central 
position and can be seen in Fig. 1 between the steering 
column and the handbrake, where it is within easy 
reach of the driver’s hand. The drive from the gearbox 
to the rear axle is through a Layrub double-universal 
coupling, any misalignment being taken-up by the 
rubber trunnion-blocks of the coupling. The rear 
axle is of the fully-floating type with overhead worm 
drive, and is fixed directly to the chaszis frame, the 
rear of the tractor being unsprung. The front axle 
consists of a solid square-section forging fitted with 
standard Alford and Alder stub axle and hub com- 
ponents, and supports the front of the chassis through 
two semi-elliptic springs. The steering-box is of the 
standard Marles double-cam and roller type, the 
steering movement being transmitted to the road- 
wheels through the usual Ackermann linkage. Braking 
is provided on the rear wheels only, which are fitted 
with internal-expanding shoe brakes of the Girling 
pattern operated by either the foot-brake pedal or the 
hand-brake lever. Pneumatic tyres are fitted to all 
four wheels, the front tyres being 18 in. by 7 in. and 
the rear tyres 23 in. by 7 in. Provision has been 
made for the accommodation of larger pneumatic tyres, 
namely, 23 in. by 5 in. front and 25 in. by 6 in. rear, or, 
if required, wheels equipped with solid-rubber tyres 
can be supplied. 

A general impression of the tractor in working order 
can be gained from Fig. 2, which shows one in operation 
at the Crewe works of the London Midland and Scottish 
Railway. The complete train of trailers is not shown 
in this illustration ; actually the tractor is hauling a 
train of five trailers loaded with castings and pig iron. 
The weight of the complete tractor is 30 cwt. and the 
makers claim that, with the addition of 8 cwt. of ballast 
beneath the driver’s seat and, therefore, immediately 
over the rear axle, a drawbar pull of 2,500 Ib. is obtain- 
able. As previously stated, the engine is normally 
governed at 1,600 r.p.m. but, if desired, the governor 
may be set to give 2,000 r.p.m., the corresponding road 
speed, in top gear, being 10 m.p.h. The average 
petrol consumption for normal operating conditions 
at 1,600 r.p.m. is given as 0-7 pint per brake horse- 
power per hour. The equipment includes a 12-volt 
lighting set, and an oil-pressure gauge, ammeter, 
lighting switch and starting switch are incorporated in 
an instrument panel fixed to the dashboard. A minor, 
but noteworthy, detail is the fitting of four spring- 
loaded lifting eyes to permit easy slinging of the tractor. 
Two of these can be distinguished in Fig. 1, on the 
front and rear bumpers. 
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INFLATABLE FABRIC CELLS FOR 
AIRCRAFT SALVAGE. 


A METHOD of using collapsible cells, made of rubber- 
ised fabric, for underwater salvage operations, has been 
developed by the United States Navy. The system 
was designed for recovering sunken aircraft, but it 
would appear to be equally applicable to marine salvage 
work in general, in cases in which the vessel to be raised 
is of moderate size and weight. The nature of the cells 
will be understood almost without explanation from 
the four photographs reproduced in Fig. 1 to 4, on 
page 324. As will be seen the cells, when inflated, are 
of approximately spherical form. The material of 
which they are constructed is water- and air-proof under 
considerable hydrostatic pressure. Cells of two sizes 
have been developed ; the smaller is 58 in. in diameter, 
weighs 40 lb. and has a buoyancy of 6,000 lb.; the 
larger, 84 in. in diameter, weighs 75 lb. and has a 
buoyancy of 12,000 Ib. In the earlier models, the cells 
were provided with shroud lines by which they were 
attached to the object to be raised. can be seen 
in Fig. 3, which shows a number of cells, in the deflated 
condition, lying on the deck of a salvage ship. The 
shrouds, together with the reinforcement of the cell 
fabric at the point of attachment, can be seen still more 
clearly in Fig. 4, which shows the same deck view as 
Fig. 3, but with one of the cells inflated. In later 
models, the cell is enclosed in an open-mesh metal net 
which serves to protect it from puncture, or other 
damage, and provides additional strength against 
rupture. With this arrangement, connection is made 
between a steel plate at the top of the network and the 
vessel to be raised. An example of this later model 
can be seen on the right in Fig. 2. 

In operation, the cells are lowered in the deflated con- 
dition from the salvage ship, or from small craft 
attending it, and are secured to the vessel to be raised 
by divers. They are then inflated from a compressor 
plant on the ship’s deck. The connecting air pipe can 
be seen in the illustrations. Both sizes of cell are 
designed to withstand a differential pressure of 30 lb. 
per square inch, and as the hydrostatic pressure is 
reduced as the inflated cell rises with the vessel to 
which it is attached, it is necessary that air should be 
allowed to escape from the cell in order to prevent the 
internal pressure from becoming excessive. This is 
accomplished by means of a bleeding valve located 
at the top of the cell. In the first models a diaphragm 
valve was used, but this proved to be rather too 
slow in action when the cells were attached to a com- 
paratively light weight which rose to the surface 
rapidly. Accordingly, a spring-loaded flutter valve 
was substituted. This is able to maintain a differential 
pressure within 2} Ib. per square inch of the normal 
under all conditions. 

In the early stages of the development of this method 
of salvage, a 30 cub. ft. per minute compressor set was 
used, but in order to make the equipment required as 
light as possible, a 12 cub. ft. per minute set, weighing 
only 250 Ib. was employed subsequently, and this 
proved to be adequate for the purpose. Air-pressure 
gauges are fitted on the pipes leading to the various 
cells and the buoyancy of each can be separately regu- 
lated. This is an important advantage, as it enables 
any vessel being lifted to be kept on an even keel. Figs. 
1 and 2 show two stages in the recovery of a four- 
engined aeroplane, weighing 32 tons, which was sunk 
in water 100 ft. deep. Fig. 1 shows the aeioplane 
breaking surface and in Fig. 2 it is floating on an even 
keel and in process of being towed to shore. In con- 
nection with this rubber-cell work, but not in any way 
an essential part of it, the United States Navy has 
developed a diver’s suit of greatly reduced weight 
compared with normal models. Its essentially novel 
feature is the use of a mask made of plastic material in 
place of the usual metal helmet. 





STELLITE CUTTING METAL.—A descriptive illustrated 
booklet entitled ‘‘ Machining”? has reached us from 
Messrs. Deloro Stellite, Limited, Highlands-road, Shirley, 
Birmingham, dealing with the characteristics and uses 
of Deloro Stellite, a cobalt-chromium-tungsten alloy, as a 
metal-cutting agent. The sections of the booklet cover 
tool setting, speeds and feeds, grinding the tools, cutting 
angles, brazing-on tips, chipbreakers and similar practical 
data. 


SURVEYOR’sS LEVELS.—We have received from Messrs. 
W. Ottway and Company, Limited, Orion Works, 
Ealing, London, W.5, an illustrated brochure describing 
the first of a new series of surveying instruments manu- 
factured by the firm the particular publication relating 
to different forms of the Eclipse surveyor’s level, which 
incorporates several improvements simplifying manipu- 
lation in the field. A leaflet has also been issued on a 
new standard 5-in. theodolite. The brochure is prefaced 
by a brief account of the history of the firm, whose 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 


Concrete Mixers—A new specification, B.S. No. 

1305-1946, covering batch-type concrete mixers, has 
been issued recently by the British Standards Insti- 
tutio’. and we understand that it is the first of a series 
of specifications which it is hoped to prepare concerning 
various t road-making plant and equipment. 
The specification has been prepared in order to provide 
for a limited range of sizes already popular among users. 
The main objects of the compilers have been to assure 
purchasers that they will acquire machines of a standard 
in which certain minimum requirements are specified ; 
to lay down, for the general assistance of manufac- 
turers and purchasers, working limits for capacity, and 
other features of the machines ; and to aid production 
by the limitation of the number of sizes. It is empha- 
sised that there is no desire to limit other mixers, 
whether of batch or continuous type, and it is appre- 
ciated that should any types be demanded and pro- 
duced in sufficient numbers to warrant such a course, 
separate or supplementary specifications may be pre- 
pared. Special attention is drawn to the designation 
of sizes and types laid down in the standard which, it 
is claimed, wil] eliminate the confusion hitherto experi- 
enced through the application of a variety of descrip- 
tions. [Price 2s., postage included. ] 
Locks and Latches for Doors.—A revision of specifica- 
tion B.S. No. 455, covering the sizes.and dimensions 
for locks and latches for doors, has recently been issued. 
The first edition of this publication, which was issued 
in 1932, provided only for 5-in. and 6-in. mortice locks. 
The new edition, on the other hand, provides for 
eleven different types of lock and latch. The specifica- 
tion is essentially a dimensional one, giving complete 
details, with drawings, of the thickness of the case, 
overall dimensions, positions for the fixing screws, 
keyholes, etc. It does not provide for the performance 
of the lock. The standardisation of these dimensions 
is of considerable importance in the development of 
factory-prepared joinery units, as it enables the doors 
to be prepared to receive the locks, in the factory. 
[Price 3s. 6d., postage included. ] 





BOOKS RECEIVED. 


Current Waterworks Practice. .A Practical Treatise on the 
Provision of Water Supplies for Urban and Rural Com- 
munities. By W. H. MAXWELL. B. T. Batsford 
Limited, 15, North Audley-street, Mayfair, London, 
W.1. [Price 18s. net.] 

London Building Law. An Introduction and Guide to the 
Requirements of the London Building Acts, 1930 to 1939, 
and the Bylaws Made Thereunder. By Horace R. 
CHANTER. B. T. Batsford Limited, 15, North Audley- 
street, Mayfair, London, W.1. [Price 21s. net.) 
Bison Information Book, 1946. Concrete Limited, Green- 
lane, Hounslow, Middlesex. [Free to approved appli- 
cants.] 

Quality Through Statistics. Second edition. By A. S. 
WHARTON. Philips Lamps Limited, Century House, 
Shaftesbury-avenue, London, W.C.2. [Price 6s.) 
Institute of Export. Books for Students. Civil Aviation 
and the Export Trade. By SQUADRON-LEADER NORMAN 
J. FREEMAN. Offices of the Institute, Royal Empire 
Society Building, Northumberland-avenue, London, 
W.C.2. [Price 6s. 6d. net.) 

Fire Protection Year Book, 1946-1947. Lomax, Erskine 
and Company, Limited, Aldwych House, Aldwych, 
London, W.C.2. [Price 7s. 6d., post free.] 
Thirty-Eighth Annual Report of The Hydro-Electric Power 
Commission of Ontario for the Year Ended October 31st, 
1945. Offices of the Commission, 620, University- 
avenue, Toronto 2, Ontario, Canada. 

Proceedings of the Institute of British Foundrymen. 
Volume XXXVIII. 1944-1945. Containing the Papers 
Presented to the Forty-Second Annual General Meeting 
of the Institute, and a Selection of the Papers Presented 
to the Branch Meetings Held During the Session 1944- 
1945. Edited by J. Boiron, Acting Secretary. 
Offices of the Institute, Saint John Street Chambers, 
Deansgate, Manchester 3. 

The Ohio State University. Engineering Experiment 
Station. Bulletin No. 125. Lead Replacements in 
Dinnerware Glazes. By Howarp J. ORLOWSKI and 
JOHN Marquis. The Director, Engineering Experi- 
ment Station, The Ohio State University, Columbus 10, 
Ohio, U.S.A. [Price 50 cents.] 





Association of Special Libraries and Information Bureauz. 
Catalogue of Films of General Scientific Interest Available 
in Great Britain. Compiled by the ScrENTIFIC FM 
ASSOCIATION. Aslib Offices, 52, Bloomsbury-street, 





records extend to the year 1640 at least. 
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PERSONAL. . 


Dr. P. DUNSHEATH, C.B.E., M.A. (Cantab.), has been 
appointed consulting engineer to Messrs. W. T. Hx nley’s 
»Telegraph Works Company, Limited, Milton Court, 
Westcott, Dorking, Surrey, on his retirement, on Septem. 
ber 30, from the position of chief engineer to the com. 
pany, after serving in that capacity since 1934. Dr, 
Dunsheath, who joined the company’s staff in 1919 ang 
became a director in 1937, will retain his seat on the 
board. 

Mr. F. W. Purse, M.I.Mech.E., M.I.E.E., retired from 
the position of chief engineer, London and Home 
Counties Joint Electricity Authority, on October 1, and 
is succeeded by MR. N. R. Exiiorr. Mr. Purse wag 
appointed chief engipeer of the authority in 1929. 


PROFESSOR G. E. SCHOLES, M.B.E., M.Sc.,M.I.Mech.E., 
has retired from the Harrison Professorship of Mechani- 
cal Engineering in the University of Liverpool, to which 
he was appointed in 1926. 


Mr. J. ROBERTSON FINNIECOME, M.Eng. (Ziirich), 
M.Inst.C.E., M.I.Mech.E., M.Soc.C.E. (France), has 
been appointed chief technical engineer to Messrs, 
Daniel Adamson and Company, Limited, Dukinfield, 
as from October 1. 


Mr. A. A. E. MorGan, A.C.A., has been appointed 
assistant secretary to the British Road Federation, 
Limited, 4a, Bloomsbury-square, London, W.C.1, in 
succession to MR. MICHAEL CLARK HALL, who has 
relinquished that office, to which he was appointed in 
June, 1944. The increased activities of the Federation 
make it necessary for Mr. Clark Hall to give his whole 
time to his duties as public relations officer of the 
Federation, an office which he has previously combined 
with that of assistant secretary. 


Mr. ERNEST BEALING, M.I.Mech.E., has been appointed 
a director and general manager of Messrs. The Steel Band 
Conveyor and Engineering Company, Limited, Dawlish- 
road Works, Selly Oak, Birmingham, 29, in succession 
to Mr. W. H. ALLEN, who is retiring after twenty-five 
years’ service with the company as managing director. 


Mr. 8. H. OnMEROD, B.A. (Cantab.), has been appointed 
by Messrs. Sulzer Brothers (London) Limited, 31, Bed- 
ford-square, London, W.C.1, as their district manager 
for the counties of Gloucestershire, Wiltshire, Somerset- 
shire, Dorsetshire, Devonshire and Cornwall, and will 
operate from 5, Woodfield-road, Redland, Bristol. (Tele- 
phone : Bristol 36704.) 


Mr. T. Hanns, O.B.E., managing director of Messrs. 
Cosmos Manufacturing Company, Limited, has been 
elected to the board of Messrs. Edison Swan Electric 
Company, Limited, 155, Charing Cross-road, London, 
W.C.2. 

Mr. F. E. C. MILLER and Mr. V. Puascort, general 
works manager to the company, have been appointed 
directors of Messrs. Edison Swan Cables, Limited, Lyd- 
brook, Gloucastershire. 


Dr. A. L. NorsBury has resigned his position with 
the Ministry of Supply and has been appointed tech- 
nical director to Messrs. Arthur J. Harris and Company, 
Limited, Great Crosby, Liverpool 23, and to their 
associated company, Messrs. Dehydrators, Limited. 


MeEssRs. NORTHERN ALUMINIUM COMPANY, LIMITED, 
Grosvenor House, Park-lane, London, W.1, have an- 
nounced that Mr. E. V. Hi, previously manager of 
their London sales and inquiry office, has been appointed 
general sales manager. Mr. J. H. MAYEs has been 
appointed manager of the company’s technical develop- 
ment department and Mr. T. E. Nrxon is taking over 
the management of their London office. 


Messrs. THE HILLSIDE FOUNDRY AND ENGINEERING 
Company (CupAR) Luorrep, Hillside Foundry, Cupar, 
Fife, inform us that they have taken over the Abertay 
Works, Tayport, Fife, from Messrs. Henry Balfour and 
Company, Limited, Leven, Fife, in order to extend their 
boiler-plating, iron-founding and welding business. 
Messrs. PARK ROYAL COACHWORKS LIMITED, Abbey- 
road, Park Royal, London, N.W.10, have made arrange- 
ments with Messrs. J. BROCKHOUSE AND COMPANY, 
Lim1reD, Victoria Works, West Bromwich, Staffs., for 
the manufacture of Park Royal vehicle bodies in Scot- 
land, at a new factory to be erected by the Brockhouse 
organisation at Livingstone-street, Clydebank, Glasgow. 
The design and research department at Park Royal will 
be available to Messrs. J. Brockhouse and Company, 
Limited, who will employ the Park Royal production 
technique throughout. Production is expected to com- 
mence towards the end of 1947 and to reach 400 to 500 
vehicle bodies in 1948. 


Mr. C. G. Dosson, A.M.1.E.E., has resigned his position 
as London sales manager to Messrs. Electrical Apparatus 
Company, Limited, St. Albans, and has gone into 
business on his own account as consultant and manufac- 
turers’ agent. His firm will be known as C. G. Dobson 
and Partners, and will have offices at 7, Blackfriars-street, 
Salford, Manchester. 





London, W.C.1. [Price 5s.] 
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OTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—A serious contraction in production has 
taken place following the prolonged strike of bricklayers. 
The dispute has lasted now into the fifth week, and many 
furnaces are standing idle awaiting the repair of linings. 
At Dalzell Works, Motherwell, all the basic furnaces, of 
which there are about ten working in normal times, are 
out, and the three acid furnaces are being kept in produc- 
tion with great difficulty. Stocks of cold steel ingots are 
rapidly disappearing, and the rolling programmes will 
suffer a sharp break when stocks are no longer available— 
a contingency which must be faced within the next week 
or two at most, according to the steelmakers. The 
demand for plates, sections, and bars is heavy, and 
delivery dates are lengthening steadily. There was a 
rush last week to clear export balances before Period 3 
expired, a8 any tonnages held over would be cancelled 
or held against the allocation for Period 4. The alloca- 
tion for the final quarter is awaited with some anxiety, 
as a sharp reduction is anticipated, and makers will have 
to notify many of their customers that they cannot fulfil 
their orders. 

Scottish Coal.—Outputs last week were a little better, 
amounting to about 450,000 tons from the deep mines. 
Opencast recovery was again sub-normal, owing to the 
wet weather, but the opencast position is now showing 
some signs of recovery. In certain rainy weeks recently, 
the opencast tonnage fell to one-third of the normal 
weekly tonnage output, and it is, therefore, encouraging 
to note that the receipts of house-cor: merchants have 
been maintained satisfactorily. F.ovse-coal supplies 
have been adequate to meet current needs, and also to 
provide a reasonably good margin for restocking ; reserves, 
at the moment, are appreciably higher than they were a 
year ago. Electric power stations are reported to be 
slightly better provided for in the matter of reserves, 
must users now having nearly three weeks’ stock ir hand. 
Gasworks stocks are being steadily augmented, and the 
tonnages reaching ‘the stock-piles have been increased 
appreciably during the past week or so. Industrial users 
are reported to be fairly well supplied. The steelworks 
are requiring less fuel temporarily, owing to the brick- 
layers’ strike, but the demand for fuel has not abated 
on this account, as stocks are low and every opportunity 
is being taken to increase reserves. Fife has again been 
well up to its commitments ; many producers had surplus 
railway and house coal last week. Anthracite is in strong 
demand, and supplies are fairly adequate at the moment, 
but as soon as central heating begins, the position will 
change rapidly, and a larger output would be welcomed. 

Clyde Shipbuilding.—During August, six vessels were 
launched, bringing the output for the year to date up to 
48 vessels, with an aggregate gross tonnage of 206,615. 
The August total was only moderate, and would not be 
considered a very healthy sign for the river’s future 
were it not for other activities. Repair work is of ample 
proportions, and the conversion of light craft is another 
good feature. 

Contract for Cranes.—Sir William Arrol and Son, 
Limited, have just obtained a contract for 26 wharf 
cranes for the Dublin Port Authority, the contract being 
valued at 230,0001. This is one of the largest crane con- 
tracts ever obtained in Glasgow, and will take three or 
four years to complete. It is understood that the 
shortage of electric motors is the only difficulty antici- 
pated; the rate at which the order is completed will 
depend primarily on the delivery of the power units. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Alloy steels are still in heavy and 
continuous demand, both on home and export account. 
Sheets and bars of high-carbon steels are not forth- 
coming in sufficient quantities to satisfy the require- 
ments of the agricultural and other industries. The 
demand for heat-resisting and stainless steels is in- 
creasing, and the maximum production is necessary. 
Basic-steel plants are fully booked, and are producing 
as much as the labour force available will permit. Local 
brands of pig-iron are not so plentiful as they would be 
if the make of blast-furnace coke were not checked by 
the restricted allocations of coking coal. Finished iron 
is in more active request, and more labour is needed to 
keep pace with the demand. 

South Yorkshire Coal Trade.—The demand for coal 
still exceeds the supply, and it has not been possible to 
rely upon outcrop coal so extensively as formerly, owing 
to the flooded state of some of the sites. Gas coal is 
still urgently needed to avoid further withdrawals from 
the winter reserves at the gasworks. Coking coal allo- 
cations are still on a reduced level, and this lessens the 
supply of coke-oven gas. THouse-coal is available in 
sufficient quantities to maintain deliveries at the 
authorised levels, and some progress is being made with 
the merchants’ plan to build up a month’s winter reserve. 
oa = in fair supply, and there is a strong demand for 

Joalite. 
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NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


The Welsh Coal Trade.—A call to miners and managers 
to wipe out the past and proceed with the task con- 
fronting them was made by Lord Hyndley, chairman of 
the National Coal Board, when he addressed a conference 
of miners and managers at Cardiff last week. The con- 
ference, after hearing other speakers representing men 
and managers, carried a resolution marking the beginning 
of a new relationship between all persons employed in the 
mining industry. It also pledged the delegates to do 
everything possible to remove all obstacles to production 
and to co-operate fully in the measures necessary to 
modernise the industry, to raise the status of all con- 
cerned as speedily as possible, and to provide the nation 
with essential supplies of fuel. During the past week, 
500 tons of bunker coals have been supplied to an Italian 
ship; this was the first Italian vessel to arrive for 
bunkering since the war. The ship arrived in the morning 
and, after loading the full requirements, left on the 
evening tide on her voyage to America. The bunker 
trade has remained busy throughout the week. Large 
quantities were being shipped to the Mersey ports under 
the recently concluded contracts. The heavy demands 
of the inland trade accounted for practically the whole 
of the present outputs from the collieries. Producers 
had well-filled order books previously and were concen- 
trating on maintaining deliveries to the public-utility 
and chief industrial users. As a rule, orders were heavy 
for a considerable time to come, and new business was 
therefore difficult to arrange. Shipments abroad were 
on a very small scale and were only of the lowest qualities. 
The home demand for patent fuel and coke continues 
active, and supplies were not easy to secure. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The new business passing is not 
extensive, makers of iron and steel] being disinclined to 
add to their heavy commitments, but specifications for 
deliveries under running contracts are being distributed 
freely. Producers of many commodities, however, have 
very congested order books and experience much diffi- 
culty in dealing with demands for the supply of com- 
modities urgently needed for home purposes. Only 
moderate parcels of material can be released for export. 
A welcome improvement in the supplies of semi-finished 
steel can be reported, but grave anxiety is felt regarding 
the fuel situation. 

Foundry and Basic Iron.—Very little local foundry 
pig-iron is now obtainable, and quantities from other 
producing areas reaching North East Coast founders 
are inadequate for current needs. The permission to 
recruit foreign labour in order to increase the output of 
the light-casting plants is appreciated, but suitable 
pig-iron for this class of work is still inconveniently 
scarce, and there seems little likelihood of better supplies 
coming to hand. The make of Tees-side basic iron is 
passing promptly into use at the producers’ adjacent 
steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Home 
consumers of East Coast hematite are taking increasing 
deliveries, and merchants have not been able to obtain 
permission to ship cargoes to customers abroad. The 
make of hematite is ample for current domestic needs, 
but consumers are still carefully rationed. Low- and 
medium-phosphorus grades of iron are being used in 
increasing quantities at the local works, and manufac- 
turers of refined iron are able to deal satisfactorily with 
their customers’ requirements. 

Manufactured Iron and Steel.—The demand for semi- 
finished and finished iron is increasing, but manufac- 
turers have been able to handle the buyers’ orders effi- 
ciently. The pressure for all descriptions of steel, how- 
ever, is intense and is severely taxing the sources of 
supply. For some time, shortage of steel semies has 
been acute, but imports from the United States have 
relieved the situation and given an impetus to activity 
at the re-rolling mills. Still larger supplies of prime 
billets and sheet bars, however, would be promptly 
used. Finished steel is wanted in very large quantities. 
Plate and sheet producers are fully sold for six months 
ahead, and priority attention is readily accorded to 
specifications for shipbuilding requisites. Pit props, 
arches, roofings and other colliery equipment are in 
strong request and large quotas have been allotted for 
supply during the last quarter of the year. Rail mills, 
and works turning out railway chairs, points and cross- 
ings, are assured of great activity over periods extending 
into 1947, while wagon and locomotive shops are as busily 
occupied as conditions permit. 

Scrap.—The scrap market continues active ; supplies 
are plentiful and deliveries are heavy. The descriptions 
in greatest demand are good cast-iron scrap, machinery 
metal, and heavy steel scrap. 








a 
NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Eastern Graduates’ Section: Saturday, October 5, 2.30 
p.m., Gas Showrooms, Grainger-street, Newcastle-upon- 
Tyne. Section Chairman’s Address on ‘“ Problems 
Encountered in the Design of the High-Speed Wind 
Tunnel Balance, R.A.E., Farnborough,” by Mr. F. N. 
Kirby. London Graduates’ Section: Saturday, Octo- 
ber 5, 3 p.m., Storey’s-gate, St. James’s Park, 8.W.1. 
(i) “ The Institution’s Library.” (ii) Film: “ Birth of 
the Mosquito.” North-Eastern Branch: Monday, 
October 7, 6 p.m., Mining Institute, Newcastle-upon- 
Tyne. “ Prospects of the Steam Cycle in the Central 
Power Station,” by Mr. G. H. Martin. South Wales 
Branch: Tuesday, October 8, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. ‘‘ Mech- 
anical Handling in the Melting Shop (Open-Hearth 
Furnaces),”” by Mr. J. 8. Venables. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch: Saturday, October 5, 3 p.m., College of Tech- 
nology, Manchester. ‘“‘ Cupola Operation,’’ by Mr. D. H. 
Young. Lincoln Section: Saturday, October 5, 7.15 p.m., 
Technical College, Lincoln. Presidential Address, by 
Mr. R. C. Shepherd. Monday, October 7, 7.30 p.m., 
Technical College, Newark. Film: ‘ Production of 
High-Quality Steel.” Scottish Branch: Saturday, 
October 12, 3 p.m., Royal Technical College, Glasgow. 
“Influence of Design and Patternmaking on Foundry 
Technique,” by Mr. T. H. Sneddon. West Riding 
of Yorkshire Branch: Saturday, October 12, 5 p.m., 
1, Mannville-terrace, Bradford. (i) Presidential Address, 
by Mr. D. W. Hammond. (ii) “‘ Parablast Cupola,” by 
Mr. H. Taft. Burnley Section: Saturday, October 12, 
6.30 p.m., Technical School, Accrington. Film: “ Pro- 
duction of High-Quality Steel.” 

SocreETY OF ENGINEERS.—Monday, October 7, 5 p.m., 
The Geological Society’s Rooms, Burlington House, 
Piccadilly, W.1. “Comparisons of British Industrial 
Efficiency,”’ by Mr. Lewis C. Ord. 

INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey 
Centre : Monday, October 7, 6 p.m., Royal Institution, 
Colquitt-street, Liverpool. Chairman’s Address on 
‘Railway Electrification in Great Britain,” by Mr. R. 
Varley. North Midland Centre: Tuesday, October 8, 
6 p.m., Corporation Electricity Department, Whitehall- 
road, Leeds. Centre Chairman’s Address, by Mr. A. G. 
Connell. Scottish Centre: Tuesday, October 8, 6.15 p.m., 
Royal Technical College, Glasgow. Chairman’s Address, 
by Mr. P. Philip. Also on Wednesday, October 9, 6 p.m., 
Heriot-Watt College, Edinburgh. Radio Section: Wed- 
nesday, October 9, 5.30 p.m., Victoria-embankment, 
W.C.2. Section Chairman’s Address, by Professor Willis 
Jackson. North Western Radio Group: Thursday, 
October 10, 6 p.m., Engineers’ Club, Manchester. Sum- 
mary of papers read at the Radiolocation Convention, 
by Dr. R. A. Smith. 

INSTITUTION OF PRODUCTION ENGINEERS.—Y orkshire 
Section: Monday, October 7, 7 p.m., Hotel Metropole, 
Leeds. “ Dielectric and Induction Heating,” by Mr. 
E. May. Luton Section: Wednesday, October 9, 7 p.m., 
Central Library, Luton. ‘“‘ The Rubber Bolster Press,” 
by Mr. G. H. Parlor. North-Eastern Section: Friday, 
October 11, 6.30 p.m., Technical College, Sunderland. 
“Management and Production in Small Engineering 
Industries,” by Mr. R. W. Mann. Manchester Section : 
Friday, October 11, 7.15 p.m., Mechanics’ Institute, 
Crewe. Discussion: ‘‘ Machine Tool Users’ Difficulties.’’ 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, October 
8, 5.30 p.m., 85, The Minories, E.C.3. ‘Steam Jet 
Refrigeration for Marine Purposes,”’ by Mr. W. Sampson. 

ILLUMINATING ENGINEERING SocreTy.—Tuesday, 
October 8, 6 p.m., School of Hygiene and Tropical Medi- 
cine, Keppel-street, W.C.1. Presidential Address by 
Mr. J. S. Dow. 

NEWCOMEN SOcIETY.—Wednesday, October 9, 5.30 
p.m., Science Museum, South Kensington, 8.W.7. “ En- 
gineering in Cornwall before 1775,” by Mr. T. R. Harris. 

RoYAL AERONAUTICAL SOCIETY.—Wednesday, October 
9, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘‘ Critical Review of German Research on 
High-Speed Air Flow,” by Mr. R. Smelt. 

INSTITUTION OF CIVIL ENGINEERS.—Birmingham Asso- 
ciation: Thursday, October 10, 6 p.m., James Watt 
Memorial Institute, Birmingham. ‘“‘ Excavating Plant,” 
by Mr. W. M. Stone. 

CHEMICAL ENGINEERING GrouPp.—Friday, October 11, 
5.30 p.m., Geological Society’s Rooms, Burlington 
House, Piccadilly, W.1. ‘‘ Chemical Engineering in the 
Tar Industry,” by Mr. R. Scott. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, October 
11, 6.30 p.m., 39, Victoria-street, S.W.1. ‘‘ Engineering 
Aspects of Atomic Energy,” by Dr. H. Chatley. 





‘dIHS AOVATVS AO NOU NO TIAD GALVWIANT ‘fF ~ *“dIHS AOVATVYS AO MOA] NO STAD GALVMAIgG ‘§ ‘Sly 





NIMS INIONG 





I. 























‘MOT, YHAOND ANVIdGOWAY GAATVG °% ‘OL ‘HOVAUNG ONINVEUG ANVIAOUIY GHATVE *T “Ol 


Z 
4 
ea) 
~ 
AZ 
~) 
Z, 
(x) 


O NI 3 ANION 4 














(‘22g abng aae ‘uoydisoseq 40g) 


‘HOVATVS LAVYOUIV YWOAX STO OLMadVd . WIaVIVIANI 











46 


INFLATED CELL ON DECK OF SALVAGE SHIP. 
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ENGINEERING RESEARCH 
IN UNIVERSITIES. 


For several weeks past a vigorous controversy 
has been in progress, in the correspondence columns 
of The Times and elsewhere, on the subject of the 
future development of universities in this country. 
The termination of hostilities has led to a drastic 
increase in the number of eligible men wishing to 
receive, or in a proportion of cases to resume, higher 
education, while at more or less the same time the 
release of information regarding the contributions 
of scientific research to the national effort throughout 
the war has made it abundantly clear that many 
more technicians trained at the highest level are 
needed in industry and the Government services 
if the country is to maintain its present position 
in the forefront of scientific development. From 
both these standpoints the Barlow Committee were 
able to justify the recommendation that the output 
of university-trained scientists should be doubled 
with the least possible delay. The critical nature 
of the situation is indicated by the fact that, at 
this moment, with a new academic year just about 
to start, all the university buildings, equipment and 
staff are taxed to capacity, but are still unable, by 
a very large margin, to meet what are widely 
recognised as the minimum desirable requirements. 

In these circumstances, bearing in mind that a 
university is pre-eminently an intellectual struc- 
ture, forceful expression no less than divergence of 
opinion is to be expected on the various problems 


engineers is whether the need for highly trained 
technicians should be met by the provision of col- 
leges of university standing devoted exclusively 
to science, and primarily to the mechanical and 
physical sciences. The objections to such a course 
reside mainly in the segregation, during a very 
impressionable period of their lives, of two classes 
of students, each of which has a good deal to contri- 
bute to the liberal education of the other. The 








alternative of enlarging existing science schools 


raised. Among the latter, one of direct concern to in 








_ 


arouses little enthusiasm among many adminis- 
trators of education, who are alive to the beneficial 
consequences both of equality in the strength of 


4 | different faculties and of a limited total number 


of undergraduates in any one university. As 
regards these and other aspects of the general 
problem, moreover, the tendency of many recent 
reports and similar statements has been to direct 
undue attention upon the training of specialists, 
which, for all its importance, is only one of the 
functions of a university. Such teaching is also 
an expensive function and, without detrimental 
overstrain on staff and equipment, cannot be 
extended to the requisite degree without funds 
additional to the universities’ present resources. 

Here is perhaps the basis of the situation as it 
appears to the staffs and governing bodies of 
universities. Holding strong views on the true 
purposes of a university, they are jealous of their 
traditional independence of any form of external 
control and are inclined to feel that acceptance of 
public aid must entail at least the future possibility 
of regimentation. These respectable sentiments are 
by no means confined to academic men and women 
whose interests lie in the so-called humanities, but 
are shared by an important proportion of the 
scientific professions, the best of whom realise the 
need for emphasis on the cultural aspects, not only 
of the university as an entity, but in individual 
technical subjects also. Thus the situation within 
any one division of science is much the same as that 
confronting the universities as a whole: a wide- 
spread belief that original research of high quality 
by members of the staff is inherently as essential as 
undergraduate teaching to the proper advancement 
of science, combined with a desire for complete 
independence of thought and work. 

As one of the principal scientific subjects pursued 
in universities, engineering should have a substantial 
part to play in maintaining cultural ideals, but for 
several reasons it does so with difficulty. For one 
thing, the full curriculum of the degree course in 
engineering makes demands on the time of the staff 
which some of them consider inordinate. For 
another, the cost of equipment for teaching and 
research in engineering is exceptionally heavy, and 
all but the wealthiest universities are, in this 
respect, at a disadvantage by comparison with State- 
supported or industrially-endowed research estab- 
lishments. Instances of financial aid by commercial 
organisations for scientific research in universities 
are not uncommon, but they are viewed, neverthe- 
less, with some uneasiness by those who feel strongly 
that universities should enjoy complete indepen- 
dence of industrial control. On the other hand, it 
is precisely this type of highly principled academic 
engineer who realises most clearly that university 
engineering which does not produce original ideas 
as the outcome of research is bound to deteriorate 
as regards its prestige, its function as a source of 
scientific culture, and its standard of teaching. 

A thoughtful and constructive attempt to pro- 
pound a solution for this problem as it affects 
engineering is the subject of Professor Edmund 
Giffen’s inaugural lecture* from the Chair of Civil and 
Mechanical Engineering at the Queen Mary College 
of the University of London. Prior to his present 
appointment, Professor Giffen was for a number of 
years Director of the research establishment spon- 
sored by what has been re-constituted recently as 
the Motor Industry Research Association. He is 
therefore exceptionally well qualified to make an 
impartial survey of research in universities against 
a background of the position in industry, and as 
the result to present in convincing perspective an 
attractively realistic point of view. He recognises, 
for instance, that with some notable exceptions the 
universities have not, for many years, contributed 
as they ought to have done to engineering progress 
this country, and he maintains that the way 
to improvement lies in closer co-operation of the 
right sort between industrial and academic research. 

Co-operation of some sort is henceforward inevit- 
able in engineering. Industrial research is too 
firmly established, too actively in progress and too 

* Engineering Research in the University. By Professor 
E. Giffen. Published by the Oxford University Press 
(Geoffrey Cumberledge), Amen House, Warwick-square, 
London, E.C.4. [Price 1s. 6d.] 
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well justified by its works to be ignored, and the 
intellectual benefits of co-operation are as much 
in favour of the univerities as of industry. 
Obviously, also, opportunity exists for co-operation 
in large-scale problems demanding simultaneous 
correlated investigation in a number of directions, 
some of which lend themselves peculiarly well to 
research by the academic type of mind. While, 
moreover, there is no lack of scope for the university 
researcher competent to undertake fundamental 
work, it remains true that engineering is essentially 
an applied science, and it is understandable that 
perhaps the majority of the younger university men 
prefer to study a problem of current interest, in 
which they may hope to see the results of their 
work applied in engineering practice and perhaps 
to gain credit or lucrative employment therefrom. 

If there is little or no justification for the isolation 
of university engineering from industry, there 
exists equally the danger, in the opposite extreme, 
of subordinating all university research to matters 
of immediate utility, leading to an increasing depen- 
dence on individual engineering firms. This is not to 
imply that industry is not, as one outcome of the war, 
more generally research-minded than ever before ; 
but the attitude towards research varies within 
industry, and not uncommonly the general manager 
is more conscious of the value of fundamental work 
than the commercial engineer closely faced with 
urgent technical problems. With these considera- 
tions in mind, and more particularly with the idea 
of seizing the present opportunity to encourage in 
universities engineering research of the highest 
quality that will serve, and warrant the active 
support of, commercial undertakings, Professor 
Giffen advocates co-operation through the medium 
of the industrial research associations. Many 
branches of engineering and the allied metallurgical 
trades already possess collective bodies of this sort, 
so that financial support is assured for an increasing 
volume of research both within and on behalf of 
the engineering industries. The impersonal and 
representative character of the industrial research 
association safeguards the freedom of the university 
against undue influence by individual commercial 
undertakings, while placing at the disposal of the 
university worker the widest possible range of prac- 
tical knowledge and experience, as well as an 
equitable division of financial assistance both 
directly, in the form of grants, and indirectly, in 
the form of special apparatus, machines or test 
specimens which must be obtained from industrial 
sources. On the other hand, the available resources 
of university laboratories, in the shape of buildings, 
highly-qualified and trained researchers, scientific 
instruments and experimental facilities generally, 
are at the disposal of the research associations at a 
time when the extension of their own establishments 
entails serious delay. 

Professor Giffen’s intimate knowledge of the 
functioning of a flourishing industrial association 
has so convinced him that the ‘principle of co- 
operative research is right, both for the university 
and for industry, that he can see little future for 
university research in engineering without it. 
Certainly, if the principle be accepted, the collective 
industrial organisations are unquestionably an 
obvious and generally acceptable means of promoting 
co-operative effort, and detailed arrangements such 
as Professor Giffen outlines in a suggested scheme 
present little room for comment. More serious 
criticism can, perhaps, be raised on the grounds 
that, in order to get the best results from such a 
scheme, the underlying principle of willing co-opera- 
tion must be equally acceptable to all universities 
and research associations. Genuine and widespread 
co-operation will provide a valuable assurance that 
investigation is being directed only to worthwhile 
problems, without wasteful overlapping. Not every 
branch of engineering with unsolved problems of 
great—even national—importance possesses a re- 
search association, however, and if Professor Giffen’s 
proposals receive as serious attention as they merit 
it will be incumbent upon those concerned to ensure 
that engineering research in universities is nowhere 
rigidly restricted to the requirements of those 
industries which already appreciate its value most 
clearly, or are in a position to offer the greatest 
financial and materia] support. 
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ELECTRICITY SUPPLY IN 
SOUTH AFRICA. 


THE area of operations of the Electricity Supply 
Commission of the Union of South Africa covers 
34,369 sq. miles and an application for an extension 
of about 18,000 sq. miles is being made to the 
Electricity Control Board. This addition will enable 
@ service to be furnished to the new goldfields in the 
Orange Free State. The Commission owns some 
2,685 route miles of transmission line and cable and 
has installed transformers of a capacity of 1,861,106 
kVA. The aggregate of plant capacity in the main 
power stations owned by the Commission is 
872,650 kW, four stand-by Diesel stations providing 
an additional 2,206 kW. Plant under construction, 
or on order, will bring the total up to 1,085,856 kW. 
The units sold in 1945 amounted to 4,706,504, this 
figure not including current supplied to the Cape 
Town Corporation under the pooling agreement. 
The grand total, including units purchased as well 
as those generated, represents an increase of 6-573 
per cent. over the previous year. 

This reference to the Cape Town agreement illus- 
trates the somewhat complicated organisation of 
electricity supply in the Union. The Electricity 
Supply Commission was established in 1923, and 


was authorised to acquire and work electricity under- | . 


takings for supplying Government departments, 
railways, local authorities and “‘ any persons what- 
soever.” It was not given a monopoly, however, 
and, subject to permission from the Electricity 
Control Board, which is roughly analogous to the 
Electricity Commission in this country, town councils 
and commercial undertakings can indulge in the 
same activities. The result of this is that, although 
the Commission is the major supply authority in 
South Africa, it has nothing to do with the electricity 
services of either Johannesburg or Pretoria. In the 
case of Cape Town, an arrangement has been come 
to with the Corporation under which the Commis- 
sions’ Salt River power station is run in parallel with 
the Corporation’s Table Bay station. The Salt 
River station has an installed capacity of 90,000 kW 
and the Table Bay station 120,000 kW. As a result 
of the arrangement, the Salt River station was 
only called upon to supply 22-7 per cent. of the 
electricity requireménts of the Cape Town system 
during 1945. 

The responsibilities of the Electricity Supply 
Commission are widespread and varied. It operates 
over four areas which, electrically, are isolated one 
from the other. Three are situated in the east, in 
the Natal and Transvaal district, and are more than 
800 miles away from Cape Town. By far the great- 
est part of the supply is furnished to mining pro- 
perties, bulk supplies to this class of consumer 
amounting to 3,575 million units in 1945 out of the 
total of 4,706 million. From the remainder, some 
663 million units have still to be subtracted, repre- 
senting direct supplies to mines. In the Natal 
Central undertaking, however, about 80 per cent. of 
the total units were supplied for railway traction. 
In the Durban area, the greater part of the supply 
was furnished in bulk to the Durban Corporation, 
but direct domestic and lighting sales were also made. 
This class of service is furnished in the outlying parts 
of most of the Commission’s undertakings and, 
although it forms a small proportion of the total 
business, there is apparently no intention that it 
shall be carried out at a loss. In the report for the 
year 1945 it is stated that “ prices have risen to such 
an extent as to make the supply of electricity to 
isolated small communities economically impractic- 
able for the time being.”” Pronouncements which 
have been made suggest that economic impractic- 
ability is not to prevent supplies being given to 
isolated farms and hamlets in the British Isles in the 
future and it will be recalled that a similar policy of 
subsidised supplies to customers of this type has 
already been put into operation by the North of 
Scotland Hydro-Electric Board. 

Although it is stated above that the Commission 
operates over four mutually isolated areas, it 
actually cocetrols seven undertakings. In some 
cases, however, these are contiguous; the Natal 
Central system not only adjoins that of Durban, 
but interchanges of current take place between 
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them. The Witbank and Klip areas, which between 
them are responsible for three-quarters of the total 
units sold, also adjoin. They contain the Com. 
mission’s two largest stations, with a total capacity 
of 496,000 kW. Their supplies are mainly furnished 
to mining properties, and the whole output of the 
Klip station is sold to the Victoria Falls and 
Transvaal Power Company for use by the Rand 
gold-mining industry. The station is operated by 
the Victoria Falls Company on behalf of the Com. 
mission. The new Vaal generating station, which 
went into operation during the year, is also situated 
in this area. It will have a final capacity of 
200,000 kW and at present contains two 33,000-k\W 
Metropolitan-Vickers sets. 

The history of the Vaal station forms a good 
illustration of the difficulties under which the 
Commission operated during the war. As long ago 
as 1939, three 33,000-kW Ljungstrom sets were 
ordered in Sweden for this station, but could not 
be shipped during the war. Two have now been 
delivered and are expected to be in service this 
year, but it was the Metropolitan-Vickers machines 
which enabled the station to start operations when 
it did. A bronze plaque has been erected in the 
station pointing out that these essential machines, 
and their boilers, were ‘‘ manufactured in Great 
Britain and delivered by the British Merchant Navy 
during the war years, 1940-1944.” Another 
example of difficulty caused by war conditions is 
furnished by the Congella power station of the 
Durban undertaking. Many complaints are now 
being made about coal dust and ash deposits, by 
residents in the neighbourhood. The situation is 
almost entirely due to causes attributable to the 
war, when loading conditions made it impossible 
to take ancillary apparatus out of service for main- 
tenance work. A Parsons 40,000-kW set was 
ordered in Great Britain before the war, but the 
British Government would not allow it to be 
shipped and the machine is now installed in the 
Earley power station at Reading. The machine 
which replaced it only went into commission in the 
early part of this year, instead of in 1941. 

The report points out that, apart from specific 
delays in the delivery of heavy plant, which may 
take upwards of two years to manufacture, difficulty 
in meeting current demands for new services is being 
caused by @ great scarcity of skilled labour. Gov- 
ernment controls, with which suppliers in this coun- 
try are not unfamiliar, also hamper development. 
Any scheme involving the expenditure of more than 
1,000/. must be approved by the Building Controller, 
who gives priority to projects of national importance 
and it may well be that the many demands being 
received from towns and villages do not fall within 
this definition. Present costs also have a bearing 
on the amount of development undertaken. The 
Commission is required to carry on its operations 
“neither at a profit nor a loss,” but in 1945 there 
was a debit balance of 17,1237. In terms of the total 
revenue, this is a small sum, but it is considered that 
adjustment of tariffs in some areas will be necessary. 
In spite of rising costs, tariffs were not increased 
during the war period and the changes now con- 
templated will be the first in the existence of the 
Commission’s undertakings. 

That growth in demand and a continuing exten- 
sion of activities are expected is shown by the list of 
plant either in course of installation or on order in 
1945, which is given in the report. This includes 
two 180,000-lb. boilers and four of 200,000 Ib. out- 
put*; two 40,000-kW generating sets, three of 
33.000 kW, one of 25,000 kW and a 7,000-kW house 
set. The list also includes 95,026 kVA of trans- 
formers and five mercury-arc rectifier substations of 
a total capacity of 9,168 kW. The Colenso power 
station of the Natal Central undertakings, which now 
has a capacity of 85,000 kW, is being extended by 
the construction of what is virtually a new station. 
It will contain the two 180,000-Ib. boilers and the 
25,000-kV turbo-generator set referred to above. 
Considerable extensions of transmission lines are in 
hand, including an 88-kV line, with reinforced-con- 
crete poles, from Harrismith to Bethlehem, in Natal, 
about 50 miles. The line from Glencoe to Newcastle, 
which now follows the railway, is being transferred to 
@ cross-country route. Various new lines supplying 
collieries are being erected in the Witbank area. 
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NOTES. 


THe DE HavitLtanp DH108 ExpErRIMENTAL 
AIRCRAFT. 


In describing, on page 282, ante, the flying 
display of British aircraft organised at Radlett on 
September 12 and 13 by the Society of British 
Aircraft Construction, we commented particularly 
on the impressive performance of the de Havilland 
experimental jet-propelled aircraft with swept-back 
wings, the DH 108, as piloted by Mr. Geoffrey de 
Havilland. A few days later, it was announced 
that the de Havilland Aircraft Company had received 
permission from the Ministry of Supply to test this 
novel machine, which was built primarily for re- 
search purposes, over the course used by the High- 
Speed Flight of the Royal Air Force in their recent 
successful attempt to establish a new speed record. 
It is with very yreat regret that we now have to 
record the disaster which overtook the machine 
and its pilot, Mr. Geoffrey de Havilland, on Friday, 
September 27. Mr. de Havilland left Hatfield 
aerodrome in the early evening and flew in the 
direction of the Thames estuary. Shortly after- 
wards it wae reported that an aircraft had been 
seen to “‘explode*’ near the Isle of Grain, and 
that wreckage had been located at Egypt Bay, 
near Allhallows-on-Sea. A search was instituted 
at once, and various portions of the wings, fuselage 
and the Goblin turbine jet unit were eventually 
recovered ; but, up to the time of writing, no trace 
has been found of Mr. de Havilland, and, after this 
lapse of time, it can only be assumed that his 
name must be added to the long list of those who 
have given their lives in the cause of aeronautical 
science. The sympathy which is so widely felt 
towards his father, Sir Geoffrey de Havilland, and 
the company bearing his name, is the more profound 
in that Mr. de Havilland had proved himself, over 
many years, to be a test pilot of exceptional quality, 
whose skill and scientific outlook contributed greatly 
to the development of the Mosquito, the Vampire, 
and other well-known aircraft types produced by the 
de Havilland Aircraft Company. The machine in 
which he was killed was designed especially for 
research purposes, and was fitted with a number of 
elaborate recording instruments which, it is hoped, 
may have survived sufficiently intact to provide 
some clue to the reason for its disintegration. Its 
unusual design, well displayed in the photograph 
which we reproduced as Fig. 4, on page 283, ante, is 
understood to be broadly that of an air liner which 
the firm are designing for transatlantic service. 


THE Parsons MEMORIAL LECTURE. 


A joint meeting of the Institution of Civil Engi- 
neers and the Institution of Electrical Engineers 
was held at Great George-street, Westminster, 
8.W.1, on Thursday, September 26, for the delivery 
of the Parsons Memorial Lecture for 1946 by Sir 
Hugh Chance, M.A., F.1.1.A. It will be remembered 
that the memorial lecture was instituted in 1936 
by the Royal Society as a tribute to the personality 
and work of the late Sir Charles Parsons, and that 
it is arranged in rotation by those of the professional 
organisations which are concerned with particular 
aspects of that work. This year the subject dealt 
with was the production of optical glass, which 
Sir Charles Parsons had done much to improve 
after the 1914-18 war. The title of the lecture was 
“ Optical Glass in War,” a branch of applied science 
on which the lecturer is well qualified, by long 
association with the industry, to speak authori- 
tatively. In this connection, indeed, the chairman 
at the meeting, Sir Pierson Frank, President of the 
Institution of Civil Engineers, teminded the meeting 
that Sir Hugh’s grandfather, Mr. James T. Chance, 
had read a paper before the Institution on optical 
apparatus in lighthouses as long ago as May, 1867. 
The early part of the Parsons Lecture dealt with the 
difficulties existing in the past in this country in the 
production of optical glass, chiefly avising from the 
smallness of the demand for both home consumption 
and export, and the intense competition from 
abroad. The growth of the native industry was 
then briefly surveyed, and the situation at the out- 
break of war in 1939 was outlined. In the autumn 
of 1940, the Canadian Government having decided 


to establish an optical glass and instrument factory 
at Toronto, Messrs. Chance Brothers agreed to make 
available their technical knowledge, to provide 
drawings of plant and equipment, to lend technical 
staff, and to train key personnel. After the new 
factory was in working order, the firm continued to 
act as technical consultants, thus making it unneces- 
sary to strain Canada’s limited resources by dupli- 
cating research and development work. Sir Hugh 
then turned to some aspects in the field of optical 
glass research, and dealt with the manner in which 
such problems as chemical homogeneity, the mea- 
surement of glass viscosity and manufacturing 
temperatures, the elimination of colouring oxides, 
etc., were solved. Of the war-time developments in 
optical element manufacture he specifically men- 
tioned two, namely the creation of an anti-reflection 
surface and the substitution of engraved glass scales, 
both linear and angular, for the previous metal 
scales. At the conclusion of the lecture, a vote 
of thanks was proposed by Sir Robert Robinson, 
President of the Royal Society, and was seconded 
by Professor David Brunt, F.R.S., President of 
the Physical Society. The Parsons Memorial Medal 
was then formally presented to Sir Hugh by Sir 
Pierson Frank. 


ARRANGEMENTS FOR SHEDDING ELECTRICAL 
Loan. 


The Electricity Commissioners have addressed a 
circular letter, dated September 27, 1946, to all 
electricity undertakings, in which it‘is pointed out 
that ‘‘load-shedding” on a serious scale will 
probably be necessary during the coming winter. 
In order to minimise the loss and inconvenience 
caused to consumers by this practice, it is suggested 
that arrangements be made whereby large con- 
sumers reduce their demand on receipt of a telephone 
message, thereby enabling supplies to domestic 
consumers, shops, hospitals and factories engaged 
on continuous process work to be given without 
interruption. Such large consumers should be 
divided into groups so that no one of them is asked 
to curtail his demand more frequently than is 
necessary. As, however, voluntary arrangements 
of this kind may not always be sufficient to bring 
about the necessary reduction in load, lists of other 
consumers whose supplies may have to be reduced 
should be prepared in consultation with the local 
Regional Board for Industry. In areas where 
there are no large industrial consumers, a system of 
disconnection or restriction by districts in rotation 
should be instituted and complete interruption 
without adequate warning should be avoided. 
It is pointed out that changes in the incidence 
of the peak-load period now render it undesirable to 
adopt a previous suggestion that load should be 
transferred from the morning to the afternoon. 
Where possible, the Central Electricity Board 
will notify undertakings before midnight when 
there are signs that load-shedding will be necessary 
during the following morning, and before 10 a.m. 
when it is likely to take place during the afternoon 
or evening of that day. Finally, it is pointed out 
that the maximum use should be made of oil- 
engine-driven private generating plant to reduce the 
risk of load shedding and undertakings are therefore 
requested to make appropriate arrangements with 
the owners of any such plant located in their area of 
supply. 

THE SHORTAGE OF GENERATING PLANT. 

The interruptions in the electricity supply of the 
country which have recently taken place for short 
periods about midday have been ascribed in some 
quarters to shortage of coal. This is not unnatural 
when coal stocks at the power stations are known to 
be at a level so low as to demand the greatest 
economy. The Central Electricity Board have 
therefore acted wisely in issuing a statement in 
which it is pointed out that, although it is possible 
that the maintenance of full electricity supplies 
during the coming winter may be jeopardised by 
shortage of coal, the “cuts” which have so far 
occurred have been due entirely to a shortage of 
generating plant. It is further explained that, as 
electricity on the scale required for public supply 


327 

















cannot be stored, if at any time the demand exceeds 
the capacity of the plant available, the machines 


slow up. If this slowing-up process were allowed to 
continue, the machines would be brought to a stand- 
still and there would be a complete cessation of 
supply throughout the country. The only way to 
avoid this is to reduce the load and, as every endea- 
vour is made to maintain supplies until the last 
moment, prior notice to customers is impossible. 
If, however, the weather forecast makes it appear 
likely that such cuts will have to be made, the 
British Broadcasting Corporation are asked to 
broadcast a request for special care in the use of 
electricity. Sudden changes in the weather, how- 
ever, may sometimes make this impossible. The 
shortage of generating plant, which has reduced the 
proper margin between supply and demand that 
existed before 1939, is due to the fact that, early in 
the war, the Government decided that it was essential 
that all manpower and materials should be utilised 
for the production of munitions and, as a conse- 
quence, placed a ban on the programme of generating 
plant extensions which had been prepared by the 
Central Electricity Board. The consequences of that 
ban were clearly realised, as was the fact that the 
only remedy was the rapid provision of plant as soon 
as hostilities ceased. This provision, however, will 
take some three years to complete and until that 
occurs interruptions will be unavoidable unless all 
consumers do their utmost to reduce their demands 
at present between 10 a.m. and 12 noon and, later 
in the winter, between 4 p.m. and 6 p.m. 


CONFERENCE ON INDUSTRIAL DEsIGN. 


During a two-day Conference on Industrial 
Design, held in London on September 26 and 27, 
and promoted by the Council of Industrial Design 
and the Federation of British Industries, a paper on 
“Design and Machinery” was delivered by Mr. 
T. P. N. Burness, M.I.Mech.E., M.I.P.E., managing 
director of Messrs. William Asquith, Limited, 
Halifax. Being identified with the manufacture 
of machine tools, one of the key industries of this 
country, Mr. Burness drew attention to the indis- 
pensable need for such tools in beth war and peace, 
and said that, prior to the last war, while the 
home trade was just sufficient to keep the industry 
alive, foreign business was almost negligible owing 
to German and American competition. It followed 
that industrialists should support all practical 
means for stimulating home and foreign trade. 
The two principal steps towards this goal were, 
firstly, an up-to-date factory with efficient plant, 
capable employees and a competent managerial 
staff, and secondly, products of the highest standard, 
marketed at competitive prices. The vital factor 
in this requirement was design. In the case of 
machine tools, an attractive external appearance , 
aroused the interest of the customer, led to a closer 
inspection for internal quality, and business could 
reasonably be expected to result. Broadly describing 
the machine-tool as a power-driven apparatus fitted 
with cutting tools for the shaping of metal parts to 
pre-determined sizes, Mr. Burness referred to the 
wide variety of these machines, from the multi-tooled 
automatic to the simple single-purpose machine, and 
said that the selection of a machine was determined 
by the classification of the work to be done, that is, 
mass-production, batch-production or jobbing work. 
The machine tool had developed slowly and changes 
in design were largely dictated by the needs of 
the moment. With rising costs of labour and 
materials, the most effective production methods 
were essential to keep the prices of manufactured 
goods within reason, and industrial efficiency was 
the key to the prosperity of the nation. Owing to 
improvements in cutting tools, the design of 
machine-tools could not remain static for long. The 
more common use of light metals had caused a 
great increase in the range of speeds; tungsten- 
carbide tools for machining iron and steel required 
higher cutting speeds, and there was the recent 
development of negative-rake machining. With the 
wider operating conditions, a greater range of feeds 
was required, and to reduce further the operational 
time, rapid traversing was essential and was & 
feature of modern design. To obtain maximum 
production from the machine with the minimum 
operating effort, all controls should be easy to work 
and centralised within easy reach of the operator. 
While the special-purpose machine was supreme 





in the mass-production field, a greater flexibility 
of design was needed, so that limited modifications 
in the nature of the work to be done did not require 
an entirely new machine. Finally, in regard to the 
maintenance and repair of machine-tools, Mr. 
Burness stated that new designs must provide for 
easy accessibility to internal parts, in order that 
machines might be out of service for the minimum 
time. 


ENGINEERING IN NORTH-EASTERN ENGLAND. 
The localisation of British industries has been for 
long an accepted fact, but the co-ordination of 
various branches of an industry in any one area is 
a modern characteristic and one from which im- 
portant economic results may be expected. A case 
in point is the formation of the North Eastern 
Engineering Bureau, which came into existence in 
January, 1945, its object being to develop the engi- 
neering industry within the counties of Northum- 
berland, Durham and the North Riding of York- 
shire, membership being confined to firms estab- 
lished as manufacturers of engineering products and 
employing productive labour in that area. With a 
long tradition of inventiveness and technical skill 
behind it, and association with a number of engi- 
neering concerns of international repute, it may be 
asked why it has been considered desirable to extend 
and publicise the north-eastern area any further. 
An answer seems to lie in an analogy. The old- 
fashioned general engineering works was content. to 
function as a separate entity and, in its consequent 
isolation, had sometimes to expend much time and 
money by resorting to methods which might be 
described as improvisation. A newer concern had 
it shops laid out on a more definite plan and the 
parts for which it had no facilities for producing 
economically it did not hesitate to import, using 
the term in a strictly local sense. The engineering 
industries of any area lacking organised cohesion 
were in somewhat the same position as the older 
type of factory; but if that area is co-ordinated, 
then, as regards the rest of the country and, indeed, 
of the world, its typical industry can be arranged 
to cover a wider field, while a more correct assess- 
ment can be made of both its present capacity and 
its potentialities. The securing of this wider field 
is one of the aims of the Bureau; there are gaps 
to be filled and the Bureau is prepared to advise 
on the possibilities of new undertakings for which, 
it is understood, there is both room geographically 
and the right kind of labour. As to capacity, the 
Bureau has made arrangements to tabulate the 
capacity for any class of work to be recorded both 
generally and individually. Prospective purchasers 
and potential manufacturers can, therefore, be put 
in touch with one another, the guiding principle 
being the securing of work for the area. The 
Bureau has also set up an advisory service and will 
investigate and advise on any company’s methods 
of costing, production, planning, and manufacturing, 
including desirable machine alterations and addi- 
tions. It will also draw up technical reports on 
such subjects as new propositions which might be 
useful to member firms in cases where additional 
capital is involved. There is, moreover, an appren- 
tice and technical training scheme, the object of 
which is to provide ultimately a pool of engineers 
trained in scientific production and management. 
The Bureau is not a profit-making organisation and 
is administered by an elected executive body, with 
a@ permanent general manager, Mr. J. F. Gibbons, 
and a qualified technical staff. A brochure has been 
issued recently giving a detailed survey of the 
assets, advantages and resources of the area and a 
schedule of its present manufactured products. 
There are, at the moment, 109 member firms. 
Other firms interested can obtain a copy of the 
brochure from the North-East Engineering Bureau, 
Guildhall, Quayside, Newcastle-on-Tyne, 1. 





ELECTRICITY SUPPLY FOR FarRMs.—It is announced that 
an agreement has been reached between the electricity 
supply companies, the National Farmers Union of 
England and Wales, and the Scottish National Farmers 
Union and Chamber of Agriculture on a five-year plan 
whereby power will be taken to 15,000 holdings at a cost 
of 72,000,0001. It is estimated the necessary work will 
take five years and the Government Departments con- 
cerned are to be asked to afford first priority to all sup- 
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LETTER TO THE EDITOR. 


HIGH-VOLTAGE OVERHEAD LINES. 
To THE Eprror or ENGINEERING. 


Sir,—In the fifth paragraph of the note on page 
197 of your issue for August 30, giving a brief 
extract of Mr. W. J. Nicholls’ report, you state 
that “The 0-075 sq. in. steel-cored aluminium 
conductors have been found liable to clash under 
wind, and snow loading, and the spans have been 
reduced.”” Taken out of the author’s context, this 
sentence does not completely explain the position. 

Actually, the author added that ‘in fairness ” 
it should be explained that the chief trouble occurred 
at high altitudes in the Peak District and Cumber- 
land. Furthermore, the span length used (700 ft. 
was abnormally long, and is not recommended even 
for normal conditions. With this size of conductor, 
we should suggest 400 ft. to 500 ft. spans. Nor- 
mally, we should expect 700-ft. spans to be asso- 
ciated with 0-15 sq. in. 8.C.A. conductor, i.e., 
double the size and two and a half times the strength. 

Yours faithfully, 
C. H. E. Rrppatu. 

The British Aluminium Co., Ltd., 

Salisbury House, 
London Wall, E.C.2. 
September 18, 1946. 


~ 








OBITUARY. 


SIR WILLIAM TRITTON. 


WE regret to record the death of Sir William 
Tritton, which occurred at Lincoln on Tuesday, 
September 24, at the age of 71 years. 

William Ashbee Tritton was born at Tufnell 
Park, London, on June 19, 1875, and was educated 
at Christ’s College, Finchley. At the age of seven- 
teen he was apprenticed to Messrs. J. and H. 
Gwynne, Limited, Hammersmith, and during the 
period of his indentures attended evening classes 
at Finsbury Technical College. In 1896, he was 
appointed inspecting engineer by United African 
Collieries, Limited, at their Moss Bay Hematite 
Steel Works in Cumberland, but after a short 
time joined the Metropolitan Electric Supply 
Company as a charge engineer. While in the 
employment of this concern he served at various 
power stations and became chief assistant engi- 
neer in 1899. He next received an appointment 
as mechanical and electrical engineer at the Broad- 
heath works of the Linotype Company, and subse- 
quently, after being works superintendent for 2} 
years, went to Germany as works manager and 
chief engineer of Messrs. Garrett Smith and Com- 
pany, Magdeburg-Buckau. In January, 1906, he 
became managing director of Messrs. William 
Foster and Company, of Lincoln, a position he held 
until 1937 when he was appointed chairman. 

Owing to this firm’s experience in the construction 
of agricultural machinery, Tritton was asked early 
in the 1914-18 war to prepare designs for caterpillar 
tractors for large naval guns and howitzers. This 
work, in co-operation with Major Wilson, led to 
the design and development of the tank, under the 
control of the Ministry of Munitions. In all, 
Tritton was responsible for the construction of some 
500 of these machines, including Marks I, II, III 
and IV, as well as Whippets and Hornets. During 
the early part of the 1939-45 war he was again 
employed as an adviser by the Ministry of Supply. 
Sir William received his knighthood in 1917 in 
recognition of his work on the development of the 
tank. He was elected an associate member of the 
Institution of Mechanical Engineers in 1905 and was 
transferred to the class of member in 1926. For a 
time he was also an associate of the Institution of 
Electrical Engineers. 





RoyaL AIRCRAFT ESTABLISHMENT SCHOLARSHIP.— 
The R.A.E. Scholarship for apprentices has been 


awarded this year to Mr. R. J. Ross, who also received the 
R.A.E. Diploma in Engineering. The scholarship is 
tenable for the two-year course of instruction at the 
College of Aeronautics, Cranwell, and covers free tuition, 





plies required. 


maintenance, and an allowance. 
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NAVAL ARCHITECTS AT 
GLASGOW. 


Tue Institution of Naval Architects joined the 
Institution of Engineers and Shipbuilders jp 
Scotland in holding a combined Autumn Mecting 
in Glasgow, on Tuesday, Wednesday and Thursday, 
September 24 to 26. As indicated by the pro. 
gramme which we printed on page 183, ante, six 
papers were presented at the technical sessions, of 
which there were two on September 24 and a 
third on the morning of September 26. September 25 
was spent by the members of the two Institutions 
and their ladies, in a whole-day steamer trip down 
the Clyde. On the evening of September 24, the 
members of the Institution of Naval Architects 
were the guests of the Institution of Engineers and 
Shipbuilders in Scotland at an informal dinner; 
and the meeting concluded with a number of visits 
to works and shipyards in Glasgow and district. 

At the opening meeting, in the hall of the Scottish 
institution, the chair was to have been taken by 
Admiral of the Fleet, Lord Chatfield, President of the 
Institution of Naval Architects, but, unfortunately, 
Lord Chatfield, after travelling north for the 
meeting, was taken ill on the previous evening 
and was unable to be present. He was sufficiently 
recovered, however, to take the chair at the third 
technical session, and received an ovation, in doing 
so, which testified at once to the regard in which 
he is held by the members of both Institutions, and 
their concern at his sudden indisposition. In his 
absence, on the first day, the meeting was presided 
over by Mr. Allan Stevenson, C.B.E., the President 
of the Institution of Engineers and Shipbuilders in 
Scotland. 

The meeting opened with a short speech of wel- 
come by Councillor William Elger, representing 
the Lord Provost of the City of Glasgow (Sir Hector 
MeNeill), in which he referred to the important 
part taken by the Clyde in the development of 
shipbuilding and marine engineering. Sir Stanley 
Goodall, K.C.B. (vice-president), responded on 
behalf of the Institution of Naval Architects. The 
chairman, having also acknowledged the civic 
welcome, called upon Mr. G. A. Critchley, M.A., to 
present his paper on ‘ Ship Salvage.” 


Sure SALVAGE. 


Mr. Critchley’s paper, which we commence to 
reprint on page 317 of this issue, dealt mainly with 
war-time casualties, although they were not all due 
to enemy action. Throughout the war period, he 
stated, there was an average of two merchant-ship 
casualties in every five days, but in the nine months 
extending from the beginning of September, 1940, 
to the end of May, 1941, hardly a day passed 
without a casualty and sometimes there were as 
many as four in 24 hours. During one gale, in 
January, 1942, 16 merchant ships were driven on 
shore in the Minch and five more, with their escorting 
corvette, near Strangford Lough. In one night, 
in December of the same year, 16 tank-landing craft 
were sunk and 25 driven on shore in Loch Fyne, 
but all were salved by the first week in January, 
1943. Among the specific cases dealt with in the 
paper were those of the cross-channel motorship 
Ulster Queen, stranded on the Isle of Man; the 
cargo vessel Eros, torpedoed off Tory Island; the 
tanker Laristan, which was one of the 16 vessels 
stranded on the west coast of Scotland in January, 
1942 ; the cargo vessel Towerfield, which broke her 
back after stranding in the Workington Channel 
in October, 1941; the “ Liberty” ship Frederick 
Bartholdi, wrecked in a bad position north of the 
Isle of Skye on Christmas Day, 1943; and the 
motorship Samanco, of the Pacific Steam Navigation 
Company, stranded on rocks at the entrance to 
Belfast Lough. In each case, Mr. Critchley went 
into considerable detail regarding the nature and 
extent of the damage, and the methods of coping 
with it, and paid a particular tribute to the value 
of the Temple-Cox submersible bolt gun, by means 
of which bolts could be shot into a ship’s plates for 
the attachment of patches, thus avoiding much 
laborious work by divers in drilling and tapping 





holes. : 
Sir Stanley Goodall, who opened the discussion, 
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said that his first contact with Mr. Critchley’s work 
had been in connection with the salvage of the 
submarine Thetis in Liverpool Bay; a difficult 
undertaking, carried through with great success. 
The paper was so detailed that he would have 
liked to see it illustrated by diagrams or drawings, 
and he hoped that Mr. Critchley would be able 
to illustrate it more fully in this way when it 
appeared in the Transactions. Captain J. W. 
Harris, R.N.R., who followed Sir Stanley Goodall, 





commented on the advances made in ship-salvage 
technique in recent years, and especially during 
the war. His own best recollection of the methods 


of Mr. Critchley and his firm, the London and 
Glasgow’ Salvage Association, were of the salvage 
of the L.M.S. Railway’s steamer Duke of Lancaster, 
which caught fire, was completely burned out, and 
finally capsized in Heysham harbour. It took 2} 
months of hard work to bring the ship from an | 
angle of 65 deg. to nearly the upright position, 
and not until this was done could she be pumped 
out, floated and eventually repaired ; at the present 
time, a wreck that most people would regard as | 
impossible to move was taken away and rebuilt in a 
remarkably short time. He suggested that the 
subject was one which might well be studied in 
universities and colleges. 

Mr. D. M. Baker observed that the paper was not 
only an interesting record of salvage, but of the 
behaviour of ships’ structures under extremely 
severe conditions. The Admiralty had carried out 
a number of large-scale trials during the war, for the 
improvement of ship-salvage practice, and Mr. 
Critchley had been of great assistance in this work. 
It had something in common with general research 
work, in that it was often necessary to deal with a 
situation while in ignorance of some of the essential 
facts, exploring as far as possible with the available 
facilities and then deciding on a course of action. 
Mr. J. L. Adam, chief ship surveyor of the British 
Corporation Register, who was the last contributor 
to the discussion, asked the author to amplify his 
reference to the use of underwater welding and steel 
patches, inquiring whether he objected to such 
patches because of the greater difficulty of handling 
steel as compared with wood. Had he any experi- 
ence in welding steel patches or stiffening members 
under water? Did they show brittleness, and 
could they withstand hammering, or reversal of 
load? The classification societies had had pro- 
posals for under-water welding submitted to them 
for approval and, after making tests, had reserved 
judgment on its use. If Mr. Critchley could give 
the results of some experience with it, the informa- 
tion would be appreciated. 

Mr. Critchley, in reply to the discussion, said that 
he would endeavour to meet Sir Stanley Goodall’s 
request for drawings if he could be given some 
indication of the particular drawings desired. Re- 
garding the need for facts in salvage work, he 
agreed that they were the first essential. In training 
salvage officers, he had found that the T’ransactions 
of the two institutions to whom his paper was 
addressed had been of immense value, and it was 
surprising to note how often various points, dis- 
closed in institution papers, were of material 
assistance, even though they might not be associated 
specifically with salvage work. In reply to Mr. 
Adam, he had no evidence to give about under- 
water welding ; it had been brought to their notice, 
but they had not been able to make use of it 
hitherto. The difficulty of handling steel patches 
was due mainly to the unevenness of a damaged 
ship’s side; @ wooden patch accommodated itself 
more readily to such a lack of fairness. Where 
there was no metallic contact, there appeared to be 
little advantage in trying to use welding ; moreover, 
the diver usually worked in disturbed and clouded 
water, where often the visibility was nil. 

(T'o be continued.) 








FLAMEPROOF ELECTRICAL APPARATUS.—Forty-three 
certificates for the flameproof enclosure of electrical 
apparatus were granted during the three months ended 
March 31, 1946. In addition, four provisional tests were 
passed. Particulars of the manufacturers and apparatus 
involved are given in the schedule §8.I. 211, Supp. 50, 
dated March, 1946, issued by the Ministry of Fuel and 
Power. Copies can be obtained from the Ministry’s 
Library, King’s-buildings, Dean Stanley-street, S.W.1. 
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THE INSTITUTE OF METALS. 
(Concluded from page 307.) 


At the session of the meeting of the Institute of 
Metals held in the south reading room of the Institu- 
tion of Civil Engineers on Wednesday, September 11, 
four papers dealing with the properties and charac- 
teristics of the alloys of copper, tin and other heavy 
metals were considered. 


CoRROSION RESISTANCE OF BRONZES. 


The first paper presented at this session of the 
meeting was entitled ‘“‘ The Resistance to Corrosion 
by Sea-Water of Some «-Tin and «-Tin-Aluminium 
Bronzes.”” It was by Dr. J. W. Cuthbertson, of the 
Tin Research Institute, who stated that he had 
made a study of the corrosion-resisting properties 
of a number of tin and tin-aluminium «-bronzes to 
determine their suitability for use as condenser tubes. 
An outline of the paper was given on page 270, ante. 

Dr. F. Wormwell, in opening the discussion, 
stated that one must always be on guard in drawing 
conclusions concerning the merits of a series of alloys 
and metals tested in one set of conditions and their 
relative behaviour in a different set of conditions. 
The author, however, had conducted his research 
on very sound lines, and his evidence was quite 
convincing. In connection with the sedimentation 
tests, the author had recommended immersion of 
the specimens before a protective film had been 
built up by exposure to air. It was a question 
whether this procedure was entirely sound from the 
practical aspect ; it would appear to place at a dis- 
advantage an alloy, which, in practice, would build 
up 4 resistant film in air before being put into use. 
The report that condenser tubes of binary «-bronze 
containing 10 per cent. of tin were still giving good 
service after seven years was most encouraging. 
He wondered whether estuary or sea-water was used, 
and whether arrangements were being made to 
apply the alloys on board ship or in marine con- 
denser systems. 

Mr. G. L. Bailey, a vice-president of the Institute, 
who was in the chair at this session, said that he did 
not feel quite so happy concerning the general 
implifications of the paper as did Dr. Wormwell. 
His own first reaction was toask what were the advan- 
tages of the new alloys over the existing materials. 
No one wanted industry to add a new material to its 
range of alloys unless there were some very good 
reason, adequately established. For condenser-tube 
materials engineers had, in 70 : 30 cupro-nickel and 
in aluminium brass, alloys which had proved ex- 
tremely successful in a very wide variety of services 
for a good many years. They were not claimed to 
be perfect, but they were doing their work extra- 
ordinarily well. From the paper, the conclusion was 
arrived at that the tin bronzes were vastly better, 
particularly as regards impingement attack, than 
the aluminium brass. After careful reading of the 
paper he had concluded that the cupro-nickel and 
the aluminium brass dealt with therein had behaved 
badly as compared with what might have been 
expected of them, because the test conditions em- 
ployed were unusual in some respects and had not 
been in line with service conditions. It was unfor- 
tunate that the 70:30 cupro-nickel employed 
contained 0-13 per cent. of iron, as it had been shown 
by May and his colleagues that the iron content 
of 70 : 30 cupro-nickel was very important, particu- 
larly in its resistance to impingement attack. As a 
result of that work, the Admiralty specification had 
set a minimum iron content of 0-4 per cent. An 
iron content of 0-13 per cent. was better than no iron 
at all, but it was not high enough to give a material 
which was up to the standard normally used for con- 
denser-tubes at the present time. Another matter 
which needed comment was that of pre-filming pro- 
cesses on alloys. The danger of damaging pre- 
formed films on materials going into ordinary indus- 
trial use was very great. On the other hand, the 
author had been rather unfair to have prevented 
any sort of film forming on a material such as alumi- 
nium brass, which depended entirely on its film of 
corrosion products for its good behaviour. Again, 





same re-circulated water. This might be a danger- 
ous practice, as this water could pick up quantities 
of corrosion products, very small quantities no doubt, 
but larger than would ever be encountered in service 
conditions. He therefore appealed to the author 
to do a great deal more work on the testing of his 
alloys in circumstances directly related to service 
conditions before any definite conclusions were 
drawn. 

In reply, Dr. Cuthbertson stated that it was 
very difficult to secure reproducibility in sedimenta- 
tion tests, and it was for that reason that he had 
removed the superficial tarnish film from all the 
samples. Despite all that had been said to the 
contrary, the film was not of primary importance in 
sedimentation attack, because once sedimentation 
attack had commenced, the film had gone; there 
could be no film on the part undergoing attack. 
The condenser tubes of binary «-bronze containing 
10 per cent. of tin, referred to in the paper, had 
been working at the Carville Power Station of the 
North-Eastern Electric Supply Company, Limited, 
in estuarian water for seven years and were said to 
be functioning quite satisfactorily. It was certainly 
the intention to arrange further practical tests, 
which it was hoped would include, not only power- 
station condensers, but possibly ship’s condensers 
as well. In reply to Mr. Bailey, his contention 
was that a 10 per cent. binary tin bronze was 
as good as, and possibly in some respects better 
than, a 70: 30 cupro-nickel, and in the comparison 
between the two, the cost factor became important. 
That argument, of course, did not apply in the case 
of the aluminium brass, but, on the other hand, so 
far as his experiments had shown, the 10-per cent. 
tin bronze appeared to be a consistently more 
reliable material under the conditions of test than 
the 2-per cent. aluminium brass. The work had 
been conducted on a comparative basis and there 
was the possibility that some of the factors which 
might have been responsible for the bad behaviour 
of the cupro-nickel and aluminium brass were 
operative also in the case of the bronzes. The 
cupro-nickel tube material had been supplied by a 
reputable firm as standard 70:30 condenser-tube 
alloy, and the same firm had supplied the aluminium 
brass. The material had been supplied in 1938, 
and, at that time, there had been no reason to 
question its composition. The Admiralty decision 
to accept nothing less than 0-4 per cent. of iron was 
comparatively recent. As to having a variety of 
materials in the same water, the danger had been 
realised and reasonable precautions taken. The 
specimens had been protected by picene wax over 
the whole of their surface except the very small 
area which was being attacked; the volume of 
circulating sea-water in the testing apparatus was 
very considerable, and he believed that, with the 
exception of copper, the products of corrosion 
entering the water were almost infinitesimal. 


CAPILLARY FLow IN SOLDERING PROCEss. 


The next paper taken was entitled ‘ Capillary 
Flow in the Soldering Process and Some Measure- 
ments of the Penetration Coefficients of Soft Sol- 
ders.” It was by Dr. A. Latin, who stated that it 
described an investigation, conducted by the 
British Non-Ferrous Metals Research Association, 
comprising a theoretical and experimental study of 
the dynamics of capillary flow as applied to the pene- 
tration of liquid solders into joints consisting of 
parallel flat members. The rate of influx of a liquid 
into a capillary space under the action of surface 
tension depended upon the “ penetration coeffi- 
cient,” which thus gave a measure of ease. of pene- 
tration. Experimental work on a wide range of 
soft solders on tin-plate and copper, under different 
conditions, had produced results giving an insight 
into the influence of composition and other factors 
upon ‘“‘solderability.” The penetration coeffi- 
cients of high-tin solders appeared to be close to the 
maximum possible values as calculated from avail- 
able data on surface tension and viscosity, and the 
angle of contact established between the liquid and 
solid. There appeared to be some falling off with 
low-tin solders, but the results justified the view that 
such solders could be used on tin-plate with confi- 
dence, as far as joint-filling was concerned. 





in the author’s testing technique he had necessarily 
tested a considerable variety of materials in the 


In the case of copper soldering, the observed 














the ‘‘ideal” maximum values throughout. Pure 
tin had the greatest value, and the decrease at a 
given superheat would appear to be fairly rapid 
at first and then more gradual with successive 
increases in lead content. The optimum combina- 
tion of penetration and “wetting” properties 
appeared to occur with solders of the intermediate 
range of composition. The values obtained for the 
low-tin and tin-free solders justified the view that 
these solders could be used with confidence on 
copper, provided that the care required was properly 
understood. Small additions of silver, antimony 
and copper did not appear to influence the pene- 
tration power greatly. There was evidence of 
some decrease with high-antimony additions. 
Provided that the surfaces were clean, no great 
difference was observed between the penetration 
properties using resin and chloride fluxes at normal 
soldering temperatures, but there were advantages 
in using the latter. There would appear to be a 
decrease in the penetration coefficients using resin 
flux with the lead-rich solders. 

Dr. G. L. J. Bailey, in opening the discussion, 
said that a soldered joint might be looked upon as 
becoming filled in two stages. In the primary 
stage, the high-velocity, high-contact angle pene- 
tration went quickly to its permissible limit ; and 
in the secondary stage further penetration at a lower 
contact angle might proceed at a rate determined by 
diffusion and by factors governing diffusion. The 
author’s results were linked up with the primary 
stage of unrestricted flow, and showed that, in those 
conditions, pure tin filled a joint most quickly. 
The only other speaker, Mr. R. Strauss, said that 
in several respects the author’s measurements con- 
firmed the results of practical experience. An 
interesting point was the fact that the lead-silver 
eutectic was inferior to pure lead on tin-plate. In 
other respects, facts undoubtedly established in 
practice were not quite borne out by the author’s 
measurements. His results on copper had shown 
practically no difference between the penetrating 
power of a eutectic solder and pure lead. On the 
other hand, he had found a sharp increase in pene- 
trating power with rising tin content on tin-plate. 
In practice, it was found that on tin-plate the tin 
content of solder was far less critical than on 
copper. 

Dr. Latin intimated that he would reply to the 
discussion in writing. 

CopPrER-NICKEL-MANGANESE ALLOYS. 

** The Physical Properties and Temper-Hardening 
Characteristics of Copper-Nickel-Manganese Alloys,” 
was the title of the third paper taken. It was by 
Dr. Maurice Cook and Dr. W. O. Alexander, of the 
Metals Division, I.C.I., Limited, Witton, Birming- 
ham. The authors stated that the casting, work- 
hardening, annealing, heat-treatment characteris- 
tics, and physical properties of a range of copper-rich 
alloys containing up to 30 per cent. each of nickel 
and manganese had been investigated. Alloys 
containing more than 7 per cent. each of nickel 
and manganese had been found to be temper- 
hardenable, the extent of the hardening increasing 
with the nickel and manganese contents. The 
maximum hardening effect was obtained in alloys 
containing equal proportions of these two elements. 
The optimum solution heat-treatment was two 
hours at 800 deg. C. The reheating period, at the 
optimum temper-hardening temperature of 450 
deg. C., for producing the maximum hardness incre- 
ment ranged from 2 days to 7 days, for alloys 
containing, respectively, 20 per cent. and 7 per cent. 
each of nickel and manganese. By heat-treatment 
of the kind indicated, diamond-pyramid hardness 
values of upwards of 500 had been obtained with 
several alloys, the maximum recorded being 586. 
On strip material, 0-1 per cent. proof stress and 
tensile-strength values of more than 60 tons and 
80 tons per square inch, respectively, had been 
observed. Similar values had been obtained on 
alloys in rod form, while with wires, tensile strengths 
up to 110 tons per square inch had been recorded. 

Mr. E. H. Bucknall, in opening the discussion, 
asked for further information regarding the initial 
heat-treatment temperatures applied to some of 
the alloys. He wondered whether discrepancies 
between temperatures were responsible, at all 
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events in part, for large differences in the rate of 
age-hardening shown between some alloys of the 
same nominal composition. In the case of ageing 
temperatures, the authors’ results bore out fully 
the experience of American metallurgists interested. 
in that type of alloy. They had shown that, with a 
24-hour treatment, ageing could be carried out 
over a range of temperatures from 330 deg. C. to 
440 deg. C., with practically no difference in the 
results. The state of affairs, coupled with the 
insensitivity to the initial heat-treatment tempera- 
ture, lent support to the American view that the 
changes occurring in these alloys were more nearly 
related to disorder-order phenomena than to true 
precipitation. The only other speaker, Dr. J. C. 
Chaston, referring to the alloy containing 20 per 
cent. of manganese and 20 per cent. of nickel— 
on which the Americans had done most work and 
which seemed to be the most useful—said that 
several features were of interest. Thus, if the 
alloy were aged at, say, 600 deg. C., then given a 
further treatment so that it was soft, and then, 
without applying any solution heat treatment, it 
was re-aged at 400 deg. C., it would harden. In 
other words, it was not necessary to give it @ solution 
heat-treatment to make it harden. It was inter- 
esting to note that it was necessary to deoxidise 
the manganese-rich alloys; it might have been 
expected that an alloy containing high manganese 
would not require deoxidising. He did not like mag- 
nesium 4s @ deoxidiser for these materials, and asked 
whether aluminium was not better for the purpose. 

Dr. Alexander, in reply to Mr. Bucknall’s point 
as to whether initial temperature discrepancies were 
responsible for differences in the rate of age-harden- 
ing, said that this was partly explained by the fact 
that the solution heat-treatment in the early days 
was not considered very critical. The work dis- 
cussed in the paper had been done entirely inde- 
pendently of the American observations; and his 
company had obtained patent rights in this country, 
he believed, because they were completely separate 
discoveries. He had quite an open mind on the 
question of whether the order-disorder changes were 
involved. In reply to Dr. Chaston, there was no 
doubt that over-ageing could occur. Prolonged 
treatment at some of the higher temperatures 
certainly led to softening effects. Quite a con- 
siderable amount of work had been done in the use 
of aluminium 4s a deoxidiser, and it was considered 
to be detrimental from all points of view. 

FaticvE TEsts IN INERT ATMOSPHERES. 

The last paper considered was a contribution from 
the National Physical Laboratory entitled ‘* Inert 
Atmospheres as Fatigue Environments,’ by Dr. 
H. J. Gough, C.B., F.R.S., and Mr. D. G. Sopwith. 
The paper, which contained a record of a series of 
experiments to ascertain the effect of an atmosphere 
of nitrogen, with and without water vapour, on the 
fatigue properties of annealed copper and _ brass, 
was reprinted on page 197, ante. 

Dr. J. C. Chaston, who opened the discussion, 
said that it was most welcome to learn that the work 
described, which had been started as long ago as 
1932, was still being pursued at the National Physi- 
cal Laboratory. Fatigue testing abounded in un- 
certainties, and even so simple a question as to 
whether it were possible to prevent or delay the onset 
of fatigue by periodical annealing during fatigue 
stressing had not been determined satisfactorily. 
The work on the effect of environment was very 
difficult and full of disappointments, and it seemed 
that there were still no very clear-cut results. Dr. 
Gough and Mr. Sopwith, be believed, were the first 
to show by practical experiment that with the speci- 
men in an evacuated enclosure the endurance was 
increased. The present vacuum work, however, 
had been done in a partial vacuum (10-* mm. of 
mercury) and there was need for work in a vacuum 
of the order of 10-* or 10-* mm. Such work was 
really well worth doing and the scientists of the 
National Physical Laboratory were better suited 
than any others to carry out that type of investiga- 
tion. Finally, he hoped that a little more metallo- 
graphic work would be done and the results corre- 
lated with other observations. The only other 
speaker, Mr. G. L. Boiley, asked the authors whether 
Dr. Chaston was correct in the assumption that the 








National Physical Laboratory was turning its atten- 
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tion again to that particular subject. He had gaineq 
the impression that the work described had been 
done before the war and had not been followed up. 

Mr. Sopwith, replying, said that the work haq 
in fact been completed before the war and there had 
been some little delay in publication ; at present 
there was no definite intention to continue the 
work. A small amount of metallographic work had 
been undertaken in an attempt to obtain a clue 
to what form of attack was occurring, but no 
definite conclusion could be reached ; there were no 
obvious signs of attack. The plea made by Dr. 
Chaston for further work in higher vacua was quite 
valid, especially as the results obtained had brought 
out the fact that the fatigue range in air could not 
be considered as the intrinsic fatigue limit of the 
material. His colleagues and himself had done 
some work on the effect of intermediate annealing 
on fatigue, but this had not been published. They 
had carried out a number of fatigue tests on wrought. 
iron chain and had determined the endurance at a 
particular range of stress—of the order of two million 
cycles. Subsequently, tests interrupted at every 
half-million cycles had been carried out ; annealing 
treatment was applied after each interruption and 
the tests then continued. The results indicated 
that there was no recovery due to the annealing 
treatment. 

This terminated the technical sessions of the 
autumn meeting and the members reassembled later 
on that day, Wednesday, September 11, at the 
Connaught Rooms, W.C.2, for a luncheon. The 
President, Colonel P. G. J. Gueterbock, C.B., D.S.0., 
M.C., occupied the chair. The toast of the guests 
was proposed by the Hon. R. M. Preston, D.S.0., 
and acknowledged by the Rt. Hon. Oliver Lyttelton, 
P.C., D.S.0., M.C., M.P. The toast of the Institute 
of Metals was proposed by Sir Charles Darwin, 
F.R.S., Director of the National Physical Labora- 
tory, who, in the course of his speech, said that the 
subject of thermodynamics was not studied in this 
country as it was abroad in connection with modern 
physical theories. Many of our scientists were less 
confident in talking about entropy than they were 
when referring to energy. In replying to this toast, 
the President agreed with Sir Charles Darwin on the 
importance of thermodynamics, especially in metal- 
lurgical studies. 





THE LaTE MR. H. J. INGRAM.—We regret to record the 
death of Mr. H. J. Ingram which occurred at Raynes 
Park, London, S.W., on Sunday, September 22, at the 
age of 75 years. Mr. Ingram had been connected with 
the firm of Alexander Duckham and Company, Limited, 
for nearly 40 years, and for 20 years before his retirement 
in 1941 had been their chief engineer. He was previously 
in charge of the Midland sales office at Birmingham. 

THE VOKES AWARD.—The first award of the Vokes 
Fresentation has been made to Mr. E. Carr, B.Sc., 
A.M.I.Mech.E., building engineer to the Copper Develop- 
ment Association, for his lecture, ‘‘The History of 
Copper,’”’ to members of the London Association of 
Engineers. The Vokes Presentation, given by Mr. C. G. 
Vokes, is to be an annual prize, awarded to members of 
the London Association of Engineers, for the best paper 
on subjects of interest to engineers. 





THE JUNIOR INSTITUTION OF ENGINEERS.—The Council 
of the Junior Institution of Engineers (Incorporated) have 
made a number of awards in respect of papers and lectures 
given during the 1945-46 session. These comprise the 
Institution Premier Award to Squadron-Leader R. M. 
Cracknell, M.B.E., of Farnborough, for his paper ‘‘ The 
Internal Combustion Turbine for Aircraft Jet Propul- 
sion’; the Institution Prize to Mr. C. E. Reynolds, of 
Léndon, for his paper ‘“‘ Design of Concrete Roads” ; 
the Vickers Prize to Mr. Barry T. Turner, of London, for 
his paper “‘ Radar—A Problem in Mechanical Design ”’ ; 
the Tookey Award to Mr. C. A. Hobson, of Glasgow, for 
his paper “‘ The Creation of a Small Shipyard”; the 
Past-Secretary Dunn Award, to Lieutenant G. Watson 
Brown, R.N.V.R., of London, for his lecturette, ‘‘ Bridg- 
ing the Gap ’’; the H. G. Riddle Memorial Prize, to Mr. 
L. S. Atkinson, of London, for his paper ‘‘ The Design and 
Manufacture of Apparatus for Amateur Photomicro- 
graphy”; the North-Western Section Prize to Mr. H. 
Smethurst, of Manchester, for his paper ‘‘ Fundamentals 
of Electronic Control ” ; and the Durham Bursary to Mr. 
W. J. Kease, of Bristol, for his thesis ‘‘ The History and 
Development of Jigs, Tools and Machines and their 
Utilisation in the Efficient Production of Interchangeable 
Articles in the Automobile Engineering Industry.” 
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: DESIGN AND ENGINEERING 
PRODUCTION.* 
By E. T. Norris. 


Desian is an essential feature of all engineering 
production and ranges from the individual design of 
heavy engineering work to the original design of mass- 
produced and standardised components. It is proposed 
to discuss its chief relations with other aspects of 
production and operation, particularly specification, 
construction and application. The academic type of 
design is taken as a basis. Such design is essentially 
theoretical, its principles being modified in application 
and occasionally obscured by practical considerations. 
For example, simple theory shows that the cost of an 
article is the sum of the costs of the material in it and 
of all the labour required to construct it. Practical 
influences frequently obscure this simple relationship, 
so that a decrease in material cost and no alteration in 
the labour cost may increase the total cost. 

Basically, the design determines the structure and 
composition of the apparatus. It is the designer’s 
business to tell everyone concerned in a manufacturing 
organisation what to do; it is not essentially his 
business to tell them how to do it. The designer’s work 
thus falls into two divisions: before the order is 
received or manufacture is decided upon, he must give 
technical and estimating instructions to the sales 
department ; and after the order has been received, 
issue manufacturing instructions to the works. Before 
either of these duties can be performed, the designer 
must acquire detailed knowledge of the desired form 
and performance of the apparatus by contact, not 
necessarily with the purchaser, but with the user 
and with the operating engineer. This contact tends 
to be indirect through the sales department and is 
generally inadequate. 

The theoretical part of the design will, of course, 
involve the application of fundamental laws. These, 
in combination with the electrical and physical con- 
stants of the materials, are sufficient for an “‘ academic ” 
design which is based on technical and theoretical, 
as distinct from practical, considerations. There are, 
however, many qualifications to this academic design, 
some of them inherent and some of them imposed by 
extraneous practical considerations. Dealing first with 
the inherent qualifications, the theoretical formule 
can usually be analysed either by trial and error or 
by differentiation to indicate certain optimum propor- 
tions, such as the armature dimension ratios in a motor 
or the copper to iron ratios in a transformer. In 
practical engineering, however, the importance that 
can be attached to mathematically optimum relations 
depends not only upon the accuracy of the calculations, 
but inversely upon the flatness of the curve connectin 
them. Ip practice, it is generally found that wide 
departures from the mathematical optimum value have 
little effect, and are frequently justified by other con- 
siderations. A relevant example is the specification 
of a particular ratio of losses in transformers and motors, 
or that the maximum efficiency shall occur at a parti- 
cular level. Another instance is the specification of the 
optimum total capitalised value of the first cost plus 
the running or operating costs. It is suggested that 
purchasers of apparatus should refrain from insisting 
upon mathematically optimum relations. 

Comprehensive theoretical analysis frequently in- 
volves complicated formule, particularly in the case 
of new apparatus. These theoretical] analyses are also 
apt to lead to extreme conclusions, since their limits 
generally occur with parameter values of zero or 
infinity. In practical engineering, however, zero and 
infinity do not occur, and actual conditions are, 
therefore, never either so good or so bad as theoretical 
analyses would indicate. That the ideal is unattainable 
is well known, but it is not sufficiently realised how 
fortunately the converse applies. For example, star- 
connected transformers and auto-transformers have 
been used satisfactorily for forty years or more. The 
recent development of symmetrical component mathe- 
matics, however, indicates that alarming stresses occur 
in them under certain fault conditions. If this theoreti- 
cal analysis had preceded the application, it is doubtful, 
therefore, whether star-connected transformers would 
ever have been used. Fortunately, practical experience 
came first; and has shown that the extreme values 
indicated by theoretical analysis do not occur in 
practice, or at least only under exceptional conditions. 

Even when the technical iiformation necessary to 
carry out a design is available, and the desired form 
and performance of the apparatus are known, design 
calculations must be preceded by the establishment 
of the safe working stresses. These will be derived 
from the ultimate or breakdown stresses, the connecting 
link being the factor of safety. It is surprising how 
often the actual or statistical value of this factor is 
unknown. It is made up of four components: the 





* Chairman’s Address to the North-Western Centre of 
the Institution of Electrical Engineers, delivered in 
Manchester on Tuesday, October 1, 1946. Abridged. 
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designer’s ignorance, or rather the incompleteness of his 
technical knowledge and experience ; the variability 
of the material and labour employed ; the variability 
of the operating conditions; and the manufacturing 
standard or reputation of the maker concerned. There 
seems no way of expressing these components quanti- 
tatively. Moreover, before detailed design can be 
attempted a choice must be made between alternative 
methods, of which there are frequently several. For 
established applications ; this choice can be made objec- 
tively. For new apparatus, however, experience is 
missing and selection is clouded by controversy, which 
is largely subjective and is influenced more by creed 
than by analysis. Examples are the direct-current 
versus alternating-current arguments of the ‘nineties, 
and the rival claims of core and shell construction for 
transformers. Even to-day a similar atmosphere sur- 
rounds such problems as electronic versus electro- 
magnetic operation and the various systems of earthing 
and non-earthing. 

Extraneous influences on design may be grouped 
conveniently under the headings of production and com- 
mercial and operational considerations. Limits are 
set by the characteristics and the sizes and qualities of 
the materials available. Another limit is set up when 
small varieties of qualities or sizes are stocked by the 
manufacturer himself in the interests of quick delivery. 
Manufacture may involve castings, mouldings or press- 
ings requiring expensive tools, and therefore produced 
in relatively few sizes, each covering a considerable 
range. The production of a range of apparatus usually 
also involves a series of frame sizes proportioned in 
geometrical progression. In general, abrupt increases 
in cost occur when changing from one frame size to 
the next and, although the average need only be con- 
sidered in general production, cases may arise where 
these changes affect the design. 

The limitations caused by labour are more compli- 
cated and severe ; and at the same time less rational. 
Although wage rates and labour costs may be accu- 
rately known, they are the result of a compromise of 
many interests, so that the agreed rate is usually 
distorted from the original rational intentions. For 
a range of apparatus in which boys or girls are em- 
ployed on the smaller and skilled men on the larger 
sizes, sudden jumps occur in cost where the changes 
take place. A particular design for large quantity 
production may well be affected by this factor. It is 
usually a matter of surprise and frequently of suspicion 
to purchasers of apparatus when they find out how 
large overhead costs are. They are, in fact, generally 
much larger than the direct labour costs. As, however, 
they depend, among other things, on the ratio of 
mechanical to human labour, a large value may be 
justified. So far as design is concerned, the elements of 
arbitrariness in allocation and the broad spread over 
a range of products frequently affect the matter, 
particularly in cases where the ratio of material to 
labour can be controlled. 

The most obvious effect of commercial considerations 
is to set a standard for most of the attributes of the 
apparatus, including technical performance. It fre- 
quently happens that particular attributes of the 
products of competitors may necessitate modifications 
of design. Alternatively, competition may be met by 
attractive features in other directions. In cases where 
standard price values and performance data have 
been established from technical considerations, it is 
usually considered desirable to arrange them in progres- 
sive sequence for each combination of variables. The 
adjustments resulting from this rationalisation generally 
affect the original design values. Commercial pressure 
also influences the values of the guarantees of technical 
performance. The purpose of guarantees is to empha- 
sise the performance of the apparatus and to ensure 
the responsibility of the manufacturer for the relation 
between that performance and the promises that have 
been made. It is usual to give guarantees subject to 
tolerances. Since these are primarily due to statistical 
variations in production, the ideal solution would be a 
statement of the mean expected value together with 
the standard deviation. No method has yet been 
suggested, however, of achieving this end satisfactorily. 
A guarantee with suitable tolerances gives the user a 
truer indication of the actual performance; a result 
in many ways fairer to the manufacturer and of more 
value to the customer. The effect of these considera- 
tions upon design is obvious, since technical perform- 
ance is one of the major factors. 

The last item in the list of commercial limitations 
covers the qualifications introduced by the individual 
customer with a view either to improving the standard 
product or avoiding what he regards as undesirable 
factors in its design or construction. This practice is 
widespread ; and is restrictive of the design of heavy 
machinery. As the design of all apparatus involves a 
compromise of several variables, usually interdependent 
and frequently contradictory, it is desirable that the 
commercial man should not specify more variables 
than are essential. In fact, the specification should 
stipulate what the customer wants, but not how 





it should be obtained. Apart from details of construc- 
tion and performance, the designer may be confronted 
by demands for particular features in appearance or 
construction. These also influence the design and 
manufacture ; and interfere with the purely technical 
and academic features. 

Operational qualifications include installation and 
maintenance, as well as the normal operating routine. 
A common problem is to obtain a compromise between 
ease of installation and cost. To the installation engi- 
neer the former is, of course, paramount, but since 
installation occurs only once, it may be that some 
sacrifice in convenience will be justified by lower cost 
or more compact assembly. For example, compactness, 
apart from cost, is a desirable feature in feeder pillars 
or joint boxes and may justify the extra time required 
in installing them. A distinction should be made, 
however, between installation and maintenance, the 
latter being a continuous occurrence. The importance 
of accessibility for maintenance depends upon the life 
or reliability of thé component. The attractiveness of 
accessibility frequently makes a virtue of necessity. 
For instance, if the gearbox of a motor car were an 
unreliable component needing continual attention, it 
would probably be mounted, at considerable incon- 
venience and expense, on the running board with 
butterfly nuts and other facilities. As it is an estab- 
lished component of highly reliable performance, it 
can safely be installed in an extremely inaccessible 
position requiring a major operation for its removal. 
Facilities for maintenance must, of course, be provided 
to enable the apparatus to be kept in working order, 
but the extent of this will depend upon its nature. 

Perhaps the most important factor in operation 
affecting the designer is the cost of running, as distinct 
from the first cost. The total cost of operation, which 
should, of course, be a vital factor in the choice of such 
apparatus as motors, generators or transformers, 
includes the first cost and the capitalised cost of the 
losses. If maintenance costs can be assessed quantita- 
tively, they should be included in the capitalisation. 
From a choice of designs having different proportions of 
first cost and performance, the design giving the lowest 
total capitalised cost is chosen. This is essentially 
a problem for the designer. The correct balance of cost 
should be worked out individually for particular cases, 
but for normal standard production the design should 
be such that the best average compromise is attained 
throughout the range of production. 

The complications and obstructions which are 
superimposed upon the purely technicai and theoretical 
considerations, may result therefore in a practical 
design which is considerably distorted from the aca- 
demic ideal. These disturbing factcrs are so many 
and so serious that it is not surprising that the cost 
and performance of the apparatus concerned frequently 
seems to have little logical relation to the simple 
principles of design and manufacture. As a broad 
generalisation, it may be said that assuming modern 
methods of production are employed, any modification 
which interferes with standardised construction is liable 
to cost more, even though the material and labour costs 
are decreased. This result, though not generally 
appreciated, follows naturally from its inverse form— 
one of the chief arguments for standardisation—that, 
due to the quantity production, costs are reduced, 
This address has been written in broad generalised 
terms and, though it is believed the conclusions reached 
are justified, there will, of course, be numerous instances 
where some of them will be discounted by particular 
circumstances. 





TELECOMMUNICATIONS CONFERENCE.—At the sugges- 
tion of the Soviet Government, a five-Power conference 
on telecommunications was opened in Moscow on Satur- 
day, September 28, and, it is expected, will last about 
three weeks. The nations represented are Great Britain, 
the Soviet Union, the United States, France and China ; 
and the object is to reach a provisional agreement on 
the regulation of the use of wavelengths. The British 
delegation is headed by Sir Stanley Angwin, engineer-in- 
chief of the Post Office. 





NEW ALLOCATION FOR IRON AND STEEL SHEETS.—In 
an announcement dated September 25, the Ministry of 
Supply states that the demand for steel sheets now 
being in excess of supply, @ separate allocation for them 
has been introduced and tnat, in future, “M”’ forms 
authorising the acquisition of steel will only be available 
for sheets when specifically marked. In co-ope1atiop with 
the industry, it has been arranged that all existing orders 
which cannot be executed by October 31 will be scheduled 
for review by the authorising department, and after this 
date deliveries against such orders will be made only 
when they have been re-authorised. Consumers will be 
notified by their suppliers of any orders which have been 
scheduled for review. The new measure does not apply 
to existing authorised orders for export or for the replace- 
ment of merchants’ stocks under licence, for which 
different arrangements are in operation. 











TRACK RENEWAL ON SOUTHERN 
RAILWAY. 


As a result of successful experiments during the past 
nine months, the Southern Railway Company are pro- 
gressing with an improved method of renewing tracks. 
Owing to the high cost and shortage of labour, the com- 
pany have introduced track assembly at the depot and 
mechanical means of replacing the old track by the new. 
The normal method of relaying necessitates possession 
of the track while unloading rails and sleepers, during 
the subsequent relaying operation, and finally, for the 
removal of the old track. The new method will con- 
siderably reduce the “* possession ’’ time and lessen the 
manual work, and is expected to effect a reduction of 
13} per cent. in the cost of the work. In the new 
method, as many operations as possible are carried out 
at a depot away from the site. The track is assembled 
at the depot in rail lengths complete with sleepers, 
chairs, rails and steel keys, curves being assembled in 
straight lengths to facilitate transporting to the site. 
The completed tracks are then loaded on 40-ton rail- 
loading wagons by a steam crane and a train is made up 
to include an empty wagon for the old track. This 
train runs on the track which has been assigned for 
renewal] and a steam crane travels on an adjacent 
track ; double tracks are therefore necessary for this 
method. Rail joints and check rails are disconnected 
and conductor rails laid to one side, the length of old 
track is lifted as an assembly and the crane lowers it 
on to a wagon. While the ballast is being prepared, 
the crane lifts the new length and lowers it into 
position. Gauges are placed between the rail ends to 
preserve the correct expansion gap while the joints 
are made, and while this work is proceeding the crane 
moves to the next length. After a section of relaying 
has been completed, hopper ballast wagons discharge 
fresh ballast between the rails and to one side ; this is 
finally packed and the relaying completed. The old 
track is returned to the depot where it is dismantled, 
each part inspected and graded for re-use or disposal. 

Relaying at overbyidges, confined cuttings and 
built-up areas where crane movement is limited, 
demands special consideration. Curves and simple 
switches occurring in the course of straight work dos 
not cause much delay. It will be appreciated that 
the method gives scope for planning beforehand, thus 
reducing the work on the site to a minimum. An 
accurate survey of the existing track is first made, all 
details of joints, obstructions, bridges, etc., being 
noted. A relaying diagram is then prepared, showing 
the existing track and new track, and the method and 
sequence of loading track sections on the wagons. 
The simplicity of the method also permits track- 
relaying to be carried out by night and this will be the 
normal practice on the Southern Railway as the use of 
the method is extended. It has been decided to 
establish a main pre-assembly depot at Redbridge, 
Hampshire, and sub-depots at Woking, Surrey ; Three 
Bridges, Sussex ; and Meldon Quarry, near Okehamp- 
ton, Devonshire. It is anticipated that, at a later date, 
another main depot will be established at Hoo Junction, 
Kent, and a sub-depot at Dartford, Kent. The annual 
programme of track renewals amounts to about 125 
to 130 miles, and it is hoped to relay 40 to 50 per cent. 
of this by the new method. 





MorE GOVERNMENT FACTORIES TO INDUSTRY.—The 
Board of Trade announce that a further 51 Government 
factories have geen allocated to industrial firms, including 
seven which have been allocated for a short term only. 
The 51 factories represent an area of about 3 million sq. 
ft., and it is estimated that when full production is 
achieved they will provide employment for up to 16,000 
people. This now brings the total of allocated factories 
to 256, with an area of about 54 million sq. ft., provid- 
ing potential employment for between 300,000 and 
400,000 people. Details of previous allocations were 
given in ENGINEERING, vo]. 160. pages 133, 253 and 268 
(1945), and vol. 161, page 27 (1946). 





NAMING OF L.M.S. LOCOMOTIVE,—At a ceremony 
held at Stoke-on-Trent station on Friday, September 20, 
1946, the London Midland and Scottish Railway Com- 
pany’s new locomotive, No. 6254, was formally named 
“City of Stoke-on-Trent,” by the Lord Mayor of that 
city (Councillor Percy Williams, J.P.). Sir Francis 
Joseph, a director of the L.M.S., presided, and he was 
supported by Mr. T. W. Royle (vice-president), Mr. 
H. G. Ivatt (chief mechanical engineer), and other 
officers of the company. No. 6254 is one of three 4-6-2, 
7P, “‘ Duchess ” class locomotives which are being built 
at Crewe Works this year. It is similar to the “ Princess 
Coronation ”’ class which was illustrated and described 
in ENGINEERING, pages 8 and 70, vol. 144 (1937), except 
that it is not streamlined and is fitted with a double 
blast-pipe and chimney. The weight of engine and tender 
in working order is 161 tons 12 cwt. A photograph of 
the “‘ Duchess ” class was reproduced in ENGINEERING, 





on page 358 of vol. 152 (1941). 
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LABOUR NOTES. 

It was stated at the Ministry of Labour and National 
Service last week that notice had been given that on 
December 31, the Essential Work Order would cease to 
apply to the shipbuilding and ship-repairing industries. 
With this release, and others, which are to take effect 
in the next few months, Essential Work Orders will 
have been withdrawn in industries employing in all 
about 8,000,000 workers. 


The War Office announced last week that agreement 
had been reached with certain engineering and elec- 
trical trade unions and employers’ organisations under 
which some Army-trained tradesmen are made eligible 
for jobs in civil life as skilled men. Service in a trade 
capacity in the Army, it was stated, will, in future, 
qualify these men for trade-union membership, and 
soldiers wishing to avail themselves of this concession 
will be allowed to join a trade union before leaving the 
service. The extension of the agreement to other 
engineering and skilled trades is under consideration 
and “a further announcement is pending.” The agree- 
ment covers the following three categories of workers. 
(1) Tradesmen trained during hostilities only, (2) trades- 
men trained before hostilities, and (3) electrical trades- 
men. A similar scheme has been adopted for the Royal 
Air Force. 





The details of the agreement in the cotton-spinning 
industry were given last week in a lengthy Memoran- 
dum. Their main provisions are as follows: “ An 
employee deprived of work n his usual occupation and 
engaged on other work shall be paid at the rate of his 
average weekly wages during the preceding four full 
weeks, excluding overtime, or the rate for the job, 
whichever is the higher. Employeesin attendance shall 
be paid at the rate of 75 per cent. of their average 
weekly wages, excluding overtime, during the preceding 
four full weeks.” 


~ 





“The guaranteed wage in any week of 48 hours 
shall be paid,” the agreement provides, “ only for the 
time in which the employee is engaged otherwise than 
in his usual occupation, or during which he is kept in 
attendance. Part-time workers shall receive the benefit 
of this agreement to the extent, and in the ratio, that 
their normal working hours bears to the full normal 
working week. Temporary staff shall receive the 
benefit of this agreement while employed ; their con- 
tract of employment shall be on a daily basis.” 





The agreement took effect on September 30, on the 
withdrawal of the Essential Work Order, and the parties 
to it are the Federation of Master Cotton Spinners’ 
Associations and the two amalgamations of operative 
spinners and cardroom workers. It may be amended 
at any time by mutual consent, and may be terminated 
by either party after eight week’s notice. 





An interesting feature of the agreement, it may be 
added, is that under it, except as provided by trade 
agreements, no payment is to be made “in the event 
of a strike of a lock-out affecting, directly or indirectly, 
all or some of the employees within the mill con- 
cerned.” Other clauses prescribe the payments to be 
made in cases of fuel shortage, power-supply failures, 
and mill breakdowns. But in cases where a stoppage 
is anticipated, “‘ the employer shall be entitled at any 
time to give one week’s notice of his intention to ter- 
minate his liability to pay wages under this agreement, 
and “ provided a full week’s notice is given on the 
making-up day, payment shall not be made in respect 
of any total or sectional stoppage occasioned by a 
necessity to adjust output to trade circumstances.” 





In the negotiations which took place between the 
British Federation of Master Printers and the Printing 
and Kindred Trades Federation before the appointment 
of the Court of Inquiry, the employers offered a 43}- 
hour week, and the workers’ representatives insisted 
on a 42}-hour week. In its award, the Court ex- 
pressed a hope that the parties would reach agreement 
on the various issues without difficulty or delay. 
Last week, the unions asked the employers for a con- 
ference, presumably to resume the negotiations at the 
point at which they were broken off, but the employers 
declined to discuss the question of working hours while 
the embargo on overtime continued. The executives 
of the unions in the P.K.T.F. are to meet on October 9 
to consider the result of the recent ballot on strike 
action. 





Speaking at Nottingham last week, Mr. Shinwell 
said that unless we secured the requisite amount of 
coal in the next few months, the country’s industries 
might be placed in jeopardy. At the Ministry of Fuel 
and Power, they had devised, in the last twelve months, 
every possible expedient for improving the coal position. 





OcT. 4, 1946. 
He admitted, quite frankly, that they knew of no other 
device. They did not require to increase the labour 
force in the industry, which was now about 700,000, 
except to the extent of making up the natural wastave. 
It was a completely erroneous conception that more 
men were required, 





** What,” the Minister asked, “ stands between .s 
and success this winter? A matter of 5,000,000 tons 
of coal. That coal, in the next six months, additional] 
to what we expect, means the salvation of this country, 
and it can be produced by the mine workers if they 
care. Things are not so bad as some people think, 
They have improved. They are 100,000 tons a week 
better than ldst vear, but they could be 250,000 tons 
better.” 





Mr. Arthur Horner, general secretary of the Nationa] 
Union of Mineworkers, told a delegate conference of 
colliery deputies’ associations at Blackpool last week 
that their members would not be co-erced into joining 
the National Union. Their right to exist was ‘“ com- 
pletely recognised ” and if they desired to stay apart 
that was “entirely their own affair.’’ Workers in the 
industry, however, should be in one organisation to 
speak with one voice in negotiations with the Coal 
Board. The National Union of Mineworkers, Mr. 
Horner added, would remain a free and independent 
trade union under nationalisation. 





The decision of the Minister of Food to add a shilling’s 
worth of meat to the weekly rations of miners working 
at the coal-face, no doubt had Cabinet approval. 
Mr. Strachey told the General Council of the Trades 
Union Congress, at any rate, that a Ministerial Com- 
mittee considering the rations question, as brought to 
their potice by Mr. Shinwell, took the view that it 
was vital to increase the meat rations of the miners 
during this winter, as much depended on stimulating 
coal production. Nevertheless, the decision to make 
the concession to one class of workers and to deny it 
to other classes of so-called “ heavy workers *’—as the 
Minister of Food did—put the General Council in a 
very difficult position, as many other unions affiliated 
to the Trades Union Congress are known to consider 
themselves entitled to similar treatment. In any case, 
who are, and who are not, “ heavy workers ”’ ? 





According to the Russian newspaper Trud, the time 
spent in the Red Army, Navy, or a partisan group dur- 
ing the war, is considered as working time in calculating 
the seniority rights of demobilised persons in the 
U.S.S.R. as regards wages, paid holidays and social 
insurance benefits. An Order of the Council of 
People’s Commissars applies the ruling to employees 
of the People’s Commissariats and of services where the 
salaries vary with length of service. For example, a 
teacher in Category 1 with higher education who had 
served eight years and was receiving a monthly salary 
of 575 roubles at the time of mobilisation, will receive, 
after having been with the Red Army for three and a 
half years, a salary of 650 roubles—the salary that is 
paid to teachers with more than ten years’ service. 
Similarly, the time spent in military service counts as 
working time for the purpose of calculating paid 
holidays. Social insurance benefits are calculated in 
the same way. st 

It is also provided that persons who were not gainfully 
employed before being mobilised, but who, after 
demobilisation, are employed as workers or salaried 
employees in an institution or undertaking, imme- 
diately acquire the right to social insurance benefits 
for temporary disability, since the time spent in military 
service is counted as working time. For example, a 
worker who was with the Red Army three years and a 
half and who, three months after demobilisation, enters 
a factory, has a right, in case of sickness, to 80 per cent. 
of his wages, if he is a member of a trade union, and to 
40 per cent. if he is not. 





The Review of the International Labour Office at 
Montreal] states that in Curagao workers are required 
by law to hold work books and employers to keep 
registers of employment with a view to the organisation 
of the labour supply and the control of conditions of 
employment. e worker’s book must contain parti- 
culars of himself and his occupation or craft ; it is held 
by the employer during the period of service and is 
accessible to controlling officials. No employer may 
enter in a worker’s book information other than the 
date of entering or leaving his service, the occupation, 
functions or craft of the worke:, and particulars of the 
occupation or undertaking of the employer. Except 
in the case of a domestic servant, the employer is 
required to enter up in his register the information 
contained in the worker’s book and, in addition, a 
statement of the wages agreed upon. 
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OVERSPEED ‘TEST ON ‘ROTOR | OF 22,000:KVA. ALTERNATOR. 


ATELIERS DE CONSTRUCTION OERLIKON, ZURICH-OERLIKON, SWITZERLAND. 














Fie. 


OVERSPEED TEST ON ROTOR OF 
22,000-KVA ALTERNATOR: 


Ir is the common practice to subject the rotors of 
large alternators to an overspeed test during manufac, 
ture, in order to ensure that they will not suffer per- 
manent deformation under conditions which may be 
encountered in service, This is particularly desirable 
in the case of low-speed machines driven by water 
turbines, since the size and weight of the rotor give 
rise to very high stresses. This point may be illustrated 
by referring to the rotor of a 22,000-kVA generator 
which has been completed recently by the Ateliers de 
Construetion Oerlikon, Ziirich-Oerlikon, Switzerland: 
This rotor has an external diameter of 25 ft. 3 in., 
weighs 183 metric tons, and has @ moment of inertia 
of 6,200 in ton-m.? units. The. normal speed of the 
alternator is 100 r.pum.,'\but this may increase in the 
event of a run-away, and the speed of rotation used 
for test purposes was therefore '280) r.p.m.: As. the 
stresses increase asthe square of the speed, they.would 











3." 


therefore peach 7-8 times the normal value at the test 
speed., In fact, the centrifugal foree in the rim will 
amount to 12,500 metric tons... In dealing with such a 
large stress on a multi-pale generator of this kind, how- 
ever, the difficulty, does not lie in, securing the poles 
themselves, bnt.in ensuring that the forces are safely 
transmitted through the rings to which the poles are 
secured. This difficulty is increased by the fact that 
when the, diameter of the ring exceeds about 13 ft., it 
has to be made jm several sections for purposes, of 
transport, and it,is at the joints between these, sections 
that the heaviest stresses. occur. e greatest care 
must, therefore, be taken in their design and, con- 
struction, re 

As will be seen from Fig, 1, the poles consist of the 
usual laminated cores which are secured by. four steel 
bolts to the rings which form the rim of the spider. 
One end of these bolts is screwed into a cross-arm, 
which runs, axially across the pole core, while, the 
other through the rim and is secured to the inner 
surface of the latter by a nut. These bolts are of very 











ductile material, and the stresses on them are uniformly 
distributed. The rim, illustrated in Fig. 2, is built up 
of five three-part cast-steel rings, which are shrunk on 
to the spider arms. One of the rings is shown in Fig. 2 
before being fitted on to the arms. 

As the external dimensions of the completed rotor 
exceeded those of the test pit available, the overspeed 
test had to be conducted with the shaft horizontal. 
The arrangement adopted is illustrated in Fig. 3, which 
shows the rotor on the test bed coupled to a double- 
armature direct-current motor. In order to reduce to 
a minimum the power absorbed in driving the rotor, the 
fans and air slots in the rim were closed in, while to 
ensure effective lubrication both forced lubrication and 
standard oil rings were employed. The driving motor 
was separately excited arid was supplied from a grid- 
controlled’ rectifier. During braking, this rectifier 
was switched off and the motor was run as a generator 
with a resistance as a load. The speed was read 
directly and checked by a remote electrical tachometer. 

The’ rotor was’ first run at speeds of 150 r.p.m., 
200 r.p.m. and 250 t.p.m., and was catefully examined 
after each test, the zones near the joints in the rings 
being checked by special measuring apparatus. A test 
was then made at 280 r.p.m., during which the load 
on the ‘driving motor was 2;850 kW, which is twenty 
times the friction and cooling losses of the generator 
during normal operation. The kinetic’ energy stored 
was 500 million ft.-lb., which is equivalert to an’ output 
of 1,600 lip. for ten’ minutes. “The rotor showed no 
sign of permanent deformation throughout the test. 





BRITISH COMMONWEA4LTH OIL PRODUCTION.—Accord- 
ing to The Chamber of Commerce Journal for September, 
1946, the amount of oil produced in the British Common- 
wealth during 1945 was 52,621,947 barrels, compared with 
58,319,404 barrels in 1944. To this total Trinidad con- 


tributed 21,500,000 (22,000,000) barrels; Canada, 
8,567,947 (10,099,404) barrels; Brunei, 8,000,000 
(11,000,000) — barrels ; Bahrein Island, 7,304,000 


(6,800,000) barrels; Sarawak, 4,000,000 (4,000,000) 
barrels; India, 3,000,000 (3,000,000) ‘barrels; Burma, 
750,000 (750,000) barrels; and England, 500,000 
(670,000) barrels. The figures in brackets are the 
outputs in 1944. 
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EFFICIENCY AND CAVITATION OF 
FLUID MACHINES.* > 


By Lr.-Cotong. H. H. Anngiison, B.Se,, R.B.M.E.. ; 


Tue general speed and size relations for hydroutie 
machines assume that heads @nd losses vary as the 
square of the velocity v. If lossés varied exactly as v*, 
the efficiency and cavitation characteristics of geometric 
machines would be constant, of variation 
of size and . The Reynolds curve for pipe losses 
indicates variation of the friction coefficient in the 
formula 

4fiv® 


head ess = Se 


where f is the pipe-friction coefficient, | the length, 
and D the diameter. Alternatively, the curve may be 
interpreted as showing the extent to which the power 
of v varies from 2. In a similar manner, the variation 
of efficiency and cavitation characteristics of a geo- 
metric range of hydraulic machines may. be plotted 
against a suitable form of Reynolds number. For 


water turbines, Moody’s formula is (1—7) « may 


This is a straight line when plotted on “ove 
paper, although the Reynolds curve re ting 
identical conditions for pipe flow, ete bes 4 ead 
gradient. The analysis given below agrees with Moody's 5 
gradient for medium-sized machines, but an extra- 
polation is safer than Moody’s formula, both for larger 
and smaller machines. 

In a centrifugal pump, cavitation occurs as a result 
of the pressure drop between the suction branch and 
the impeller inlet . This drop will be referred 
to as the suction loss. Thoma’ ’3 parameter states that, 
for a given geometric range of umps, the suction loss 
is pli rtional to the total . It is suggested that, 

ydraulic losses are not exactly proportional to 
the a square of the velocity, it would be more accurate 
to state that the suction loss is proportional to the 
total head loss, that is, to (1 — 4). Both suction loss 
(cavitation characteristic) and total loss (1 — n) usr 
be regarded as equivalent to the loss in a sstnies Wena 
of Pipe and can be plotted against the Reynolds ay 
It should be noted that the existing formule are 
anomalous ; suction specific s assumes that losses 
vary as the square of the velocity v; Moody’s formula 
makes some allowance for variation of the power of v 
from 2, but is not of Reynolds’s form, and, it may be 
argued, is not dimensionally correct. 

As the author does not at present have access to 
the relevant data, overall efficiencies and not hydraulic 
efficiencies have been plotted. In this respect, it meg 
be argued that “ mechanical” losses of windage, disc, 
gland, and bearing friction are really hydraulic in 
nature; and that, for a range of geometric pumps, 
the hydraulic and mechanical losses may be propor- 
tional. Several ranges of pumps have been analysed 


and one range is selected as an example. The pum 
is of the multi-stage single-entry type, with guide 
having specific s aye s, in the neigh! 
ood of 1,000 to 1,200. pecific speeds are calcu- 
lated from the usual considerations of flow Q (in gallons 





per minute), actual speed N (in revolutions per minute), 
ype 
and head H (in feet), using the formula N, = aR Q, 


The Reynolds number is defined as 
Diameter x velocity Dv 


Kinematic viscosity vy ‘ 
For a purely geometric range, any dimension will 
serve as D in the Reynolds number. In this case, 
the impeller diameter is chosen. Since all tests are 
taken on water, the viscosity term can be omitted. 


R= 














* Paper presented to the Institution of Mechanical 


Since the yeReity » is found by dividing the sq 
of the dinniaiée D into. the flow Q, i.e. v = pr t 
Bema number Dv can, by ‘transposition, be 
expressed as 72 =p: Since an aim of this paper is 
to Side @ formula for relative values of losses, 

can be ignored. The Reynolds number can, 
therefor ‘bo, represented by the flow Q divided ‘by 
the r diameter in millimetres. 











4 @ . TABLE ) a gt 
Q E cy, Q Efficiency, 
D t, YP Per cent. 
t Sea tf, ‘ t 
e. j 55 4.87 e277 
e “62 1-94" Ty 7 
0- ‘65 2-65, 
ay 66 2-86 4 
67 3-5 | 81 
0+67 71 3-82 81 
0-68 69 } 6-66 83 
0-82 71 } 8-66 83 
0-94 73 9-4 84 
0-91 74 14-0 } 854 
1-56 76 f 








b<wapthd pred big valets ofthe. ratio of flow Q 
to the diameter D, and also givés the maxi- 
mum efficiency. Each figure represents an average 
value, taken from several machines, depending on the 
number of each particular size manufactured. The 
tests are plotted on logarithmic scale in Fig. 1, here- 
with. In order to plot losses, that is, (1 — »), and 
read the efficiency direct, the log line of 20 is marked 
‘* 80 per cent. efficiency,” and the line of 30 is marked 
**70 per cent. efficiency,” and so on. The full line in 
Fig. 1 is the original smooth-pipe friction curve of 
Reynolds* moved upwards on the graph paper to suit 
the position of the test plottings. Attention is drawn 
to the fact thatthe test plottings. are reasonably 

consistent and lie on a curve, not a straight line. This 
consistency confirms that the Reynolds analysis is 
satisfactory for fluid machiries# 


i 









The total.loss (1 — ») equiva- 
lent to the loss in a pipe rsa nered 
The ratio 36 is obtained Saeed multi the 






original cu 
Reynolds number of 10,6 


C= 1. Here f= 0 


i 4 es 
shows 73+2 per cent: efficiency when at 2 = I, that is, 


the loss ie (100 — 73-2) per cent. = 26-8 per cent., or 
0-268, which is equal to 35 x 0-00765. Absolute 


values «re not required : all that is sought is a relative 
correction for the variation of efficiency with size 
and speed. It is suggested that, since the test plottings 
lie reasonably on a portion of the Reynolds ‘curve, 
eran, Pye of the range outside the field of tests 
may be made by assuming that the ‘machiries will still 
behave as equivalent to 35 diameters of pipe, the losses 
of which are given by the rest of the Reynolds curve. 
For com in, Moody’s values for constant head are 
given in Fig. 1. Since Moody’s formiila is not of Rey- 
nolds’s dimensions, no comparison other than of con- 
stant head is possible. The loss is indicated as a 
fraction’ of the total generated heat. The actual 
loss in feet, and the actual diameter and length of the 
equivalent pipe, will depend on impeller yerven rv 
velocity, etc. “It is submitted that there is no n 
evaluate these in all cases; it is sufficient to fit the 
efficiency curve on to the Reyndlds curve by congruence 
of rate of change of slope. 

For extrapolation of other sizes or speeds of geometric 


* An Introduction to Fluid Mechanics, by Alex. H. 
Jameson. Longmans, Green and Company, Limited, 








Engineers for written discussion. Abridged. 





London, page 121 (1937). 
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i itis metely necessary to evaluate the ratio . 


andtead off the efficiency on the Reynolds curve, 
ing for the number of diameters im the equivalent 

pi For example, Professor Daugherty* shows the 
igh-head punip a8 88-9 per cent. on a ratio 
of 6-33 for the model. Taking the full-size duty as 
75,000 Imperial gallons per ey and the impeller 


diameter as 2,160 ea the ratio Q equals 34-7. For 
D 
‘the model, the Borteaponding Aguies are 1,875 gal. per 


4 miimite and 34) mm., so that 7 = 5-6. For a true 


Reynolds —— of 55,000, the frictional coefficient 
f= 0-00508. The eficiency of 88-9 per cent. corre- 
sponds to 11-1 per The equivalent number 
of pipe diameters is thus 0-111 + 0-00508 = 21-8 
diameters. For a true Reynolds number of 347,000 
ize machine), the quantity f = 0-00346. Multi- 
diameters, we get a loss of 0-0755, or 
Te jeney Of 92-45 per cent. for the pump with a 
+ Poad of 75,000 Imperial per minute. 

sing Moody's form » the efficiency would be 


(Il) & oe Head i is ackctved since the model is 


tested ‘at full head. For a diameter ratio of 6-33, 
D*-5 — 1-585. Phe less of 11-1 per cent. in the 
model is reduced to 7 per cent., i.e., the efficiency would 
be 93 per cent. Perhaps American engineers wouid 
like to comment on these figures and to indicate the 
actual efficiency obtained on the 75,000 Imperial 
gallons per minute high-head pump. In passing, it is 
noted that, no matter whether Moody’s formula or 
the author’s formula is used, the efficiency of 90-2 per 
cent. obtained for the model ratio of 5-16 by Professor 


Daugh does agree with 88-9 per cent. for the 
model of 6- 
It is suggested that, for georhetric machines, the 


formula for variation of@fficiency should be 
AM — 9) «(Dy or (1 — ahige (D v)-*, 

where x varies bet 0-2 and 0-3 according to the 
position on the Reynolds curve. In practice, the curve 
would be used to avoidfhe use of the calculus for the 
varying value of z. The above tests are based on 
water. For viscous. liquids, Wislicenus{ states that 

‘are available. Examination of 
the light of humbers 
suggests " that p efficiencies ate unaffected by 
an gen of pa tic viscosity from # centistoke 
(water) to 20 centistokes, but that, for greater vis- 
cosities, the rate of change of (1 —- with respect 
to Re number co the gradient of 
the Reynolds curve. For _ mg if 20 centistokes 


ean be represented by > a viscosity of Z centistokes 
would be represented, for evaluation of efficiency, 
by ' 


OTAV Q', 20 
< DP anit: 


The above suggestion can only be approximate, since 
Tetlow’s curves are based upon the ratio of the delivery 


to the squaré root of the head, that is, to—7=. This 


is not the Reynolds number, and, in fact, should be 
multiplied by the speed N, in revolutions per minute, 





* “ Centrifugal Pumps for the Colorado River Aque- 
duct,” by R. L. Daugherty, Mechanical Engineering, 
vol. 60, page 295 (1938). 

t Loc. cit., page 296. 

t “Centrifugal Pumps,” by G. F. Wislicenus. Marks’s 


'| Mechanical Engineers’ Handbook (1941). 


$ * A Survey of Modern Centrifugal Pump Practice 
for Oilfield and Of} Refinery Services,” by N. Tetlow, 
Proc: I. Mech.E., vol. 150, page 121 (1943). 
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to give the Reynolds number dimensions. Thus 
»/ Head = D x N, and 


Q QN_ Q 

m**-ga“P 
constants being neglected, as mentioned above. The 
ratio of Q to the square root of the head will serve as 
the Reynolds number for tests of different sizes of 
pumps at constant rotational speed. The fact that 
efficiency is almost unaltered over a range of viscosity 
from 1 to, say, 20 centistokes is contrary to Reynolds's 
principle of dimensions ; but it is supported by ample 
evidence of Mawson,* Tetlow, and other investigators. 
The problem in designing an unknown size of machine 


is to forecast the pressure drop between the suction | _ 


branch and the impeller inlet passages. On a model, 
this pressure drop, referred to as the “ suction loss,” 
can be determined by increasing the suction lift until 
the head and efficiency start to fall off, thus indicating 
the cavitation point. The suction-branch pressure is 
obtained by a manometer. The pressure inside the 
impeller passages at the | genes of cavitation is given by 
the vapour pressure of water at the temperature 
concerned. In the United States (Wislicenus),t it is 
the custom to include the velocity head of the water 
in the suction loss. Whether this is added or not does 
not affect the argument below. 

The suction loss is a head loss. As such, it could be 
expressed as a percentage of the total theoretical head, 
and analysed as the efficiency loss (1 — 7), as indicated 
above. This would limit the analysis to geometric 
designs, whereas, if the suction loss is considered as 
suction specific speed (Wislicenus and others),t any 
group of pumps of identical suction passage design 
can be considered together, with consequent widening 
of the field of experience. It is obvious, of course, 
that pumps of differing geometric design and differing 
relationships between total heads and specific speeds 
may have identical suction passages. Similar suction 
passages are assumed in the considerations detailed 
below. 

The investigations fall into the general assumptions 
that the suction loss depends upon the axial velocity 
of water into the impeller eye ; that the suction loss is 
dependent upon axial velocity up to some limiting value 
of the peripheral velocity of the impeller eye§; that 
the suction loss for geometrically similar machines 
is always proportional to the total head (Thoma’s 
parameter); that the suction loss depends upon the 
product of the delivery Q and the square of the speed 
N, i.e, upon QN®, which can be identified with the 
product of the axial velocity and the square of the 
peripheral velocity (when the quantity Q N? is plotted 
against suction loss it is found that it varies approxi- 
mately as (suction loss)'-*\); from the foregoing, the 


? 
ratio wr is identified as the square of the suction 
I 


specific speed; the fraction, in aie — 


can be given physical meaning in regard to the ratio of 
the length of the suction passage to the diameter of the 
impeller eye, in similar manner to the interpretation of 
specific speed as the ratio of throat diameter to impeller 
diameter.{ In other words, suction specific speed 
indicates the equivalent length of pipe. 

The above assumes that losses vary as the square 
of the velocity v. In order to consider the effect of 
variation in power of v from 2, it is necessary to plot 
suction specific speed to some form of the Reynolds 
number. The form chosen here is the ratio of the deli- 
very Q to the diameter of eye (the latter expressed in 
millimetres). The figure substituted for Q refers to 
one side only of a double-entry impeller. 

Table II, herewith, refers to a group of pumps of 
various specific s s but with the same suction 

design. They are all double-entry split-casing 
pumps of standard British design. Fig. 2, opposite, 
shows the curve of suction cpecie speed and the ratio 
of the delivery Q to the impeller eye diameter D,. 
Here again the shape of the curve agrees with a portion 
of the Reynolds curve. Since suction specific speed 
is an indirect function of suction loss, the curve is 
upside down when compared with the curve givin 
the efficiency loss (1 — 7). Extrapolation can be carri 
out with far greater accuracy than when using Thoma’s 
parameter. Furthermore, this curve gives more 





* “Characteristic Laws for a Centrifugal Pump with 
Fluids other than Water,” by Dr. H. Mawson, Proe.J. 
Mech.E., 1927, page 1037. 

t Loc. cit., page 1898. 

t “‘ Cavitation Characteristics of Centrifugal Pumps,” 
by G. F. Wislicenus, R. M. Watson and I, J. Karassik, 
Trans. A.S.M.E., vol. 61, page 17 (1939). 

§ Tetlow, N.., loc. cit. 

| Anderson, H. H., Trans. A.S.M.E., vol. 62, page 163 
(1940). 

4 Ibid., King’s College Min. Soc., University of Dur- 
ham, vol. 14, page 57 (1938), ‘‘ Mine Pumps.” 


acouracy than the use of suction specific speed as the 
sole determinant of cavitation, as suggested by Wisli- 
cenus*., From the curve of Fig. 2, suction specific 
speed varies as the parameter (3 y’ where y has a value 
between 0-2 and 0-3, depending on the Reynolds 


TABLE II.—Cavitation Effects. 


Nl 
Cayitation Point. | | 
~_ Suction | lo 


j | o fipecifie ©} Bat 
Suction | Loss | Speed, | Q 
Lift, w = (33}-suc- R.p.m. D 
Ft. | tlon ft), | } 
Ft. { Hl 
27 6 3,540 | 1-33 
25 8 4,600 2-5 
24 9 5,500 3-54 
24 93 5,400 4-6 
15 18 7.080 8-5 
18 15 8,650 14-3 


number, and D, is the diameter of the impeller eye. The 
suggestion that there is little or no variation in suction 
specific speed for change of the Reynolds number is 
difficult to reconcile with the shaded area in Fig. 2, 
which shows a very definite variation over the field of 
experience. It is suggested that curves showing 
variation of efficiency with specific speed are not strictly 
accurate until they have been corrected to show 
efficiency for one value only of the Reynolds number, 
thus eliminating the effect of variables of size and speed. 





ROAD CONSTRUCTION IN CANADA. 


ATTENTION is called in Roads and Bridges for August, 
1946, to a report recently submitted to the Canadian 
Senate by the Standing Committee on Tourist Traffic. 
Though the report deals primarily with the encourage- 
ment of tourist travel and the development of holiday 
and recreational facilities and resort areas, it pays 
considerable attention to the need for building roads 
of a high standard as a pre-requisite to any increase of 
interest in Canada as a tourist centre. The committee 
points out, among other things, that, as the greater 
part of the tourist traffic from the United States comes 
to Canada by motor car, good hard roads from strate- 
gically-located border points are a prime necessity. 
It is therefore suggested that the Dominion Govern- 
ment should give, financial agsistance, under proper 
agreements, to the provinces,which have personnel in 
their highway departments to siipervise the construc- 
tion and maintenance of such. roads, and that these 
roads should be built,to a anent. high standard. 
A further proposal is that facilities in rational parks 
should be improved, and that the roads within these 
parks should be hard-surfaced to a permanent high 
standard. A final proposal is that inquiry should 
be made by the Federal Government into the possi- 
bilities of using the Alaska Highway as a tourist 
attraction, and to ascertain whether expenditure on a 
more direct link with it from Edmonton to Dawson 
Creek would be justified. 

In dealing with this last proposal, the report points 
out that evidence submitted showed that the Alaska 
Highway had considerable potentialities for tourist 
traffic. The fame that it had gained in the war years, 
the hitherto largely unknown country it had opened 
up, and the link /which it provided with Alaska and 
the Yukon, had led the advocates of the continued 
maintenance of this highway and of the construction 
of a shorter road from Edmonton to Dawson Creek to 
urge that the Federal Government should keep the 
road open for tourist traffic. The view was also ex- 
pressed that the so-called Haines cut off, which runs 
from the head of the Lynn Canal to the Alaska High- 
way, near the Yukon boundary, should be brought up 
to the standard of the main highway, which it may 
be recalled was handed over free of cost to Canada 
by the United States. It is now understood that the 
highway is to be kept in operation, and that services 
for the convenience of travellers are already being 
provided at several points along the route. 

The Committee indicated that a broadly-planned 
tourist policy had also unlimited possibilities. In 
evidence it was pointed out that United States citizens 
spent some six thousand million dollars annually 
in tonrist travel and that about one-tenth of this was 
available to Canada. Wisely appropriated expenditure 
on the promotion of this travel would, therefore, bring 
@ greater return than any branch of export trade. 

Our contemporary anticipates that the report will 
cause considerable dis¢ussion, both in the ian 
Senate and in the’ Canadian House of Commons. » It 
may lead to a greater appreciation of the highway 
system as a source of tourist revenue and to.a readjust- 
ment of the responsibility for road construction between 
the Federal Provincial Governments. 








* Loc. cit., page 1899. 





CONTINUOUS ELECTRO-TINNING 
PROCESSES. 

An account of an informal discussion on electro- 
tinning processes, which took place at a joint meeting 
of the titution of Electrical Engineers and the 
Electrodepositors Technical Society, on March 25, 
1946, is given in the August issue of the Journal of the 
former body. The discussion was opened by Mr. C. 
Frenkel, who said that the first prototype continuous 
eleetro-tinning plant had been in operation in America 
since 1936. The method, and the tin-plate produced 
by it, was known as Ferrostan, and there: were, alto- 
gether, eleven similar plants operating in America. 
There were, altogether, 29 plants in the United States 
operating various processes for continuous electro- 
tinning. The electrolytic method of tin-plating was not, 
therefore, a war-time expedient, but was the result of a 
determined industrial effort which started some years 
ago. It was claimed for the electrolytic method that the 
thickness of the coating could be controlled to a far 
greater extent than it could be with the hot-dip method, 
and that the coating was also far more uniform. More- 
ever, continuous tinning had not yet been achieved 
with the hot-dip process. 

The plant, which was a continuous production line 
and required considerable s , started with the coil 
of strip at one end and finished with tinplates cut into 
sizes. and sorted automatically at the other, rejects 
forming a separate pile. The ends of successive coils 
of steel strip as they went into the machine were auto- 
matically welded. The speed of operation varied 
from 300 ft. to 1,000 ft. per minute, and the output 
was rated at 1,000,000 base boxes of twenty 28 in. by 
20 in. sheets per annum, although it was claimed 
that its true capacity was nearer 1,500,000 boxes. The 
electrolyte used was acid stannous sulphate, as this 
was thought to be more economical in power. Current 
densities of 200 amperes per square foot were now 
common. The tin anodes in the plating tank, which 
were suspended on both sides of the stip, were 3 in. 
wide by 2 in. thick and about 5 ft. long. There were 
two basically different types of tin electrolytes—the 
alkaline and the acid. In this plant, stannous sulphate 
was employed and this was claimed to be more econo- 
mica] and could be operated at current densities of 
over 200 amperes per square foot. The overall length 
of the plant was about 230 ft. 

Dealing with the electrical equipment, Mr. P. F. 
Grove said that the electrical control of the plant 
was based on the Ward-Leonard system. The main 
problem was to provide a low-voltage supply to the 
tanks. Motor-generators had been in use for a long 
time for this purpose, but their chief disadvantage 
was the need for maintaining a large number of brushes. 
In the United States, the copper-oxide rectifier was 
now largely employed, while in Europe and in this 
country the selenium rectifier was being extensively 
used. The method adopted for the flow-melting opera- 
tion was to heat the strip by passing a current through 
it. High-frequency eddy currents could also be used, 
but were expensive. Photo-cells were used to detect 
perforations in the steel-plate, and operated relays 
which caused the control equipment at the delivery end 
of the line to reject the faulty sections. Photocells were 
also used to control the rate of travel, so that the speed 
of entry or delivery could be adjusted in relation to the 
plating speed. The electrical input to the plant was 
about 2,000 kW. 

In the general discussion which followed, questions 
were raised concerning the operation of the plant and 
the capital and maintenance costs. One speaker 
thought it doubtful whether electrolytic tinning could 
compete with hot tinning owing to its high initial cost 
and depreciation. It was pointed out, however, that 
American experience had shown that the conversion 
cost was about the same for both methods, but there 
would be savings, since the thickness of the coating 
could be kept under closer control by the electrolytic 
process. Mr. Frankel agreed that, for the same thick- 
ness, the cost might be equal to that of the hot-dip 
method for heavier coatings, but the whole object of 
the electrolytic venture was to see to what extent thick- 
ness of coating for particular purposes could be reduced 
by the greater uniformity and control obtained. 
Thicknesses of the order of 0-00003 in. and even 
0-000015 in. had been applied electrolytically, which 
would mean a great saving of tin, 0-00009 in. being the 
usual thickness with hot dipping. The use of motor- 
generators for the plant described was criticised, on 
the ground that prices for selenium rectifiers compared 
very favourably with those for motor-generatotrs, 
> veg J for low voltages. It was stated that, in 
other forms of plating, the selenium rectifier had 
revolutionised the power-supply problem, and the 
general conviction was that it had come to stay. Mr. 
Grove said that it had been simpler, under difficult 
war-time conditions, to make use of motor-generators 
in the South Wales plant. They believed that static 


ts would be adopted eventually because of their 
igh efficiency and ease of operation. 
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AERONAUTICS. 


578,293. Fuel-Burning Nozzle. The Asiatic Petroleum 
Company, Limited, of London, and I. Lubbock and G. J. 
Gollin, of London. (1 Fig.) November 7, 1941.—The 
invention is a cooler for the nozzle of the combustion 
chamber of a jet-propulsion unit. To the head of the 
combustion chamber 1 is fixed the nozzle, which consists 
of a central spray nozzle 3, into which the liquid fuel is 
fed through tangent holes 4 from the duct 5. Between 
the central nozzle 3 and an adjustable outer member 7, 
is an annular‘passage which is supplied, through the 
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inlets 8, with liquid oxidant. In the combustion chamber 
surrounding the front of the nozzle is a cooling jacket 9. 
The cooling water is forced through the tangential port 
11 and is rotated at high speed in the jacket. Openings 
12 in the narrow portion of the jacket allow the cooling 
water to intermingle with the flame products. A high 
rate of cooling is provided and the nozzle can withstand 
the extremely high temperatures involved. (Accepted 
June 21, 1946.) 
HYDRAULIC APPARATUS. 

578,49%. Thermostatic Mixing Valve. Peglers, Limi- 
ted, of Doncaster, and C. Smith, of Doncaster. (4 Figs.) 
May 8, 1944.—The invention is a manually-adjustable 
thermostatically-controlled mixing valve for the supply 
of water at a controlled temperature. A valve body 10, 
fitted with a removable cover, has hot- and cold-water 
supply inlets 12, 13 for feeding a mixing chamber.’ The 
wall of the mixing chamber is a bush 15, which has two 
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water-inlet ports open to the cold- and hot-water inlets. 
Inside the bush 15 is a sliding sleeve valve 18 supported 
by a fluid-filled bellows-type thermostat 19. The valve is 
held down by an adjustable spring 21. The sleeve valve 
18 has narrow contro! ports for the hot and cold water, 
arranged so that when one is fully open the other is 
closed. An outlet port in the sleeve valve communicates 


33 prevent water from impinging directly on to the 
thermostat. In operation, the thermostatic bellows 
operates to reduce the flow of hot water and increase that 
of the cold, until the required temperature is attained. 
By turning the handle 25, to increase or decrease the 
pressure upon the spring, the thermostat can be adjusted 
to control the temperature of the water delivered. 
(Accepted July 1, 1946.) 


LIFTING AND HAULING APPLIANCES. 


578,427. Mobile Crane. F. Taylor and Sons (Man- 
chester), Limited, of Salford, and W. Taylor, of Salford. 
(2 Figs.) June 7, 1944.—The invention is a crane 
carried by a self-propelled motor vehicle. The jib A is 
fulcrumed, at the engine end of the vehicle, on a nut on 
a screwed rod D, so that the fulcrum point can be raised 








or lowered. An hydraulic ram E, of the telescopic type, 
supports the jib A between its two ends, and is operated 
by an engine-driven pump E*. The hook F is suspended 
from a carrier which is traversed by means of a handle F*. 
The hook end of the jib is slightly cranked, so that when 
the ram is closed, it will lie parallel to the chassis. 
(Accepted June 27, 1946.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


578,506. Drawing Die. J. G. Casselis, of Four Oaks, 
C.' W. ‘Kieft, and 8S. Burrows, of Tettenhall. (3 Figs.) 
December 30, 1944.—The invention is a drawing die to 
produce wire of hexagonal section. The forming surface 
of the die consists of six separate tungsten-carbide tipped 
units a of pardllel-sided cranked formation, the working 
faces of the six units forming a hexagon when assembled 
in the holder b. Between each of the sections is a wédge 





ec which provides a solid backing for the tipped units a, 
The wedges have adjustable screw connections d with 
the frame of the holder 6b, so that minute adjustments of 
the wedges in the die holder can be made. The screws 
are mounted in tapped bushes in the die holder b, and 
are locked by locking nuts e. The square head of each 
screw d engages a recessed flat in the outer face of each 
wedge. (Accepted July 1, 1946.) 


SHIPS AND NAUTICAL APPARATUS, 
578A40. Deck-Landing Gear. Miles Aircraft, Limited, 
of Reading, and G. H. Miles, of Reading. (2 Figs:) April 15, 
1943.—The invention enables an aircraft to be landed 
on the deck of a medium-sized merchant vessel. The 
gear consists of two spaced nets 1, carried by two poles 2 
mounted on the deck.: The space ‘between the nets 1 
permits the passage of'the airscrew of the aircraft landing 
on the deck, the main wing spars taking the initial shock 
of impact... The poles 2 can be stowed in « flat position 
on deck, and are supported in the upright position by 
guy ropes 7 and guy wires 10, which have running con- 





with the delivery outlet of the valve body. ‘The baffles 





OCT. 4, 1946. 





corners of the two nets 1, pass down the hollow poles ana 
are connected with shock-absorbers: The guy wires 15 
connected to the lower corners of the net are also con- 





nected with other shock absorbers in the hull. The 
two nets are resiliently mounted and bring the aircraft 
to rest after the minimum forward travel after impact 
with the net. (Accepted June 28, 1946.) 


RAILWAYS AND TRAMWAYS. 


578,061. Axle-Hung Electric Motor. The English 
Electric Company, Limited, of London, and E. A. Binney, 
of Ilkley. (3 Figs.) May 10, 1944.—The motor is 
supported at one side by a wheel axle and at the other 
side by a resilient support resting on a transverse member 
4 of the truck frame. The resilient support consists of 
inner and outer concentric spaced frames 6 and 7, of 
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open box-like form, bonded to an intermediate frame 8 
by layers of rubber 9. The intermediate frame is retained 
in position by dowels 11 on a rubbing plate 10 which 
rests on the transverse support 4 and prevents any wear 
of the intermediate frame, A load-equalising plate 16 is 
located on the frames 6 and 7 by guide members 17, 
and a layer of rubber 18 between it and the surface of a 
cavity in the nose of the motor, distributes the load 
equally. (Sealed.) 


MISCELLANEOUS. 


578,489. Follow-Up Mechanism. Precision Develop- 
ments Company Limited, of London, and G. Olah, of 
Ealing. (1 Fig.) April 18, 1944.—The object of the 
present invention is to eliminate the tendency of follow- 
up mechanisms to hunt, so as to secure a smooth operation 
at any given speed or load. The input element 1 turns 
a gear wheel 3 with an abutment which engages a slot in 
a floating element 6, mounted freely on the input shaft. 
A gear wheel 8, on the output shaft 2, has another abut- 
ment which enters a second slot in the floating element 6. 
Contacts on the abutments and in the slots operate a 
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servo-motor 14, so as to assist the action of the input 
element 1 on the output shaft 2. The gear wheels 3 and 
8 mesh with gear wheels on a shaft connected through a 
differential gear’ mechanism 17 to the servo-motor 14, 
which ‘exerts a'torque on the input member 1 opposite to, 
and a fraction of the value of, the torque transmitted to 
the output shaft 2. A brake 18 counteracts a tendency 
to hunt: A flywheel mass 19 is driven from the gear 
wheel 3 through a pinion and gear wheel, and acts as an 
inertia element on the input side of the mechanism. 





nections with the deck. Guy wires 13 from the upper 





(Accepted July 1; 1946.) 
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scANNING EQUIPMENT FOR 
GROUND RADAR. 


By Denis Taytor anp W. H. Penzey.* 


A creat deal has been published recently about 
gientific achievement in the radar field. Very 
jittle, however, has been said about the engineering 

blems which had to be solved in order to produce 
yable radar systems. This article records a 
number Of the engineering problems which were 
met in designing aerial systems for ground radar 
stations and some indication is given of the solutions 
adopted. The early ground radar stations operated 
on the 25-50 megacycles per second band and 
wed ‘“‘flood-lighting” aerials. In the flood- 
lighting method a wide region, approximately that 
contained within bearing + 90 deg. and elevation 
(to 90 deg., is “ illuminated ” and a receiving aerial 
wing two elements is adjusted to give a zero, 
from the setting for which it is possible to deduce 
either the bearing or the elevation according to the 
arrangement used. With the development of radio 
frequencies, generators and receivers capable of 
satisfactory operation on the higher-frequency 
bands (200, 600, and later 3,000 megacycles), it 
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(se1.a) “ENGINEERING” 
became possible to use aerials giving a “ fan beam,” 
and later still a “* pencil ” of radiation, and searching 
was then achieved by mechanical movement of the 
aerial. This scanning usually involved four separate 
problems : (i) the design of a mechanism to produce 
the desired motion ; (ii) the design of supporting 
frames, etc., capable of holding the aerial in its true 
position within the tolerances allowable while 
executing this motion ; (iii) the production of suit- 
able gear for synchronising the motions of the 
transmitting and receiving aerials; and (iv) the 
production of a mechanism for repeating back to 
the radar presentation unit, position information 
relating to the aerial system. 

Perhaps the simplest example of a radar beam 
system is the CHL station. This equipment was 
designed for the detection and location of low- 
flying aircraft. The aerial consisted, in the case 
of the transmitting system, of a broadside array 
of 32 dipole elements mounted in front of a vertical 
wire-mesh aperiodic reflector, and a similar array 
was used for receiving. The dimensions of the 
reflector frame were 30 ft. by 10 ft. high. The 
operating frequency was 200 megacycles, and the 
beam in the horizontal plane had a-width of about 
+12 deg. to zero. These stations were usually 


installed on high cliff edge sites in order to ensure 


satisfactory propagation of the radar signals at low 


| elevations, and therefore the aerial system and the 
| tuning gear had to be designed so as to be capable 
| of operation in quite high wind velocities if a full 


service were to be achieved. The scanning problem 
was simply that of rotating two aerials about 


vertical axes, and providing means for ensuring 
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that the two remained in step. For some purposes, 
continuous rotation at any selected speed between 
1 and 8 r.p.m. was all that was necessary, but in 
other cases it was desired to have facilities for 
controlling the orientation of the arrays so that they 
could be set and maintained on any selected bearing. 
One of the early methods proposed for meeting 
these requirements used two identical three-phase 
induction motors with their stators connected in 
parallel. Their wound rotors were also connected 
in parallel to form a quasi-selsyn synchronous 
coupling of large power. A star-connected three- 
phase resistance connected in parallel with the two 
rotors was used as a speed control. With this 
system, hand control or “ automatic sweep” was 
available at will, but setting the aerial beam on a 
particular azimuth, to an accuracy of + 4 deg. or 
less, was difficult, and the system was later replaced 
by other systems giving smoother control. Among 
the later methods, may be mentioned the system 
employing three selsyns used as a differential 
mechanism to operate a control valve which allowed 
oil to flow from an oil pump to an oil motor and 
operated the latter, and the system using two selsyns 
to operate a Ward-Leonard control unit through 





a thermionic-valve torque amplifier. The latter 


element. For simplicity we have shown only one 
array in Fig. 1, but by duplicating certain equipment 
the system can obviously be used for rotating two 
alrays in synchronism. 

Static accuracies less than + 4 deg. for a disturb- 
ing force giving rise to full-load torque at the motor 
were obtainable, and with 1-h.p. driving motors the 
two arrays could be kept in step within + 1 deg. 
under normal conditions. This was sufficiently 
good for our purpose. The development of the 
system was undertaken under Ministry of Aircraft 
Production contract by Messrs. British Thomson- 
Houston Company, Limited, and a very large 
number of their equipments were used throughout 
the war in R.A.F. radar equipments. 

At a later stage, a method was devised for using 
the same radar aerial both for transmission and 
reception. This is clearly possible with pulsed 
radar, since the receiver is required to be active only 
when the transmitter is quiescent. The principle 
used is as follows: in the receiving condition, a 
system of spark gaps and quarter-wave sections of 
transmission line, connects the receiver to the aerial 
system. In the transmitting condition large e.m.fs. 
are set up in the transmission lines and the spark- 
gaps flash over and become effectively short-circuits, 
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Fig. 2. ExPERIMENTAL 


method is shown diagrammatically in Fig. 1. In 
this diagram a is the control amplifier, g the genera- 
tor, h a handwheel or pilot motor, m, the alter- 
nating-current motor, m, the turning motor, r a 
rectifier, s, the control element, and s, the array 
position indicating element or pick-up selsyn. 

The principle of this method is as follows: 
when all the circuits are connected, the array will 
take up a position in azimuth, dependent upon the 
relative angular positions of the rotors and stators 
of the pick-up and energised selsyns. This posi- 
tion is such that the rotor of the pick-up selsyn 
has no voltage at its slip-rings. When the rotor of 
the control element is displaced by a small angle, 
relative to its stator, a voltage appears at the slip- 
rings of the pick-up selsyn. This voltage causes the 
amplifier to excite the generator field and current 
flows in the circuit of the generator and turning- 
motor armature. This causes the turning motor 
to exert a torque of a sense such as to rotate the 
rotor of the pick-up selsyn (and with it the array) 
back to alignment with the control element. When 
this alignment is once more achieved, the rotor 
voltage of the pick-up selsyn has again fallen to 
zero. Ifthe control element is rotated continuously, 
the turning motor keeps trying to rotate the rotor 
of the pick-up selsyn into alignment. The array 
is therefore driven round by the motor at a speed 
dependent upon the rate of movement of the control 
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and this short-circuiting is used to isolate the 
receiver and connect the transmitter to the aerial. 
Common-aerial working of this type has been widely 
used in radar systems since the summer of 1940, and 
with the introduction of this technique, the mechani- 
cal scanning problems were obviously very much 
simplified. Nevertheless, the torque-amplifier cum 
Ward-Leonard system illustrated in Fig. 1 continued 
to be used, since it allowed very smooth remote 
control, and from this point of view was preferred 
to the less complicated Ward-Leonard and power 
selsyn systems. 

In some cases scanning in elevation as well as in 
azimuth was a requirement. An example of this 
type of problem was met in designing the so-called 
fighter direction stations. These stations were 
originally built to enable ground controllers to direct 
fighter aircraft offensive sweeps over enemy territory, 
and were later used with much success for general 
navigational purposes. They operated on a fre- 
quency band 500 to 600 megacycles, and used an 
aerial system consisting of a single dipole element at 
the focus of a wire-mesh paraboloidal reflector 30 ft. 
in diameter with the axis of the latter 5 deg. to the 
horizontal. Arrangements were provided for rotat- 
ing this structure round a vertical axis at about 
12 deg. a second and, simultaneously, the dipole was 
required to execute a simple-harmonic motion in 





the aperture plane of the paraboloid with a semi- 
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amplitude of 11 in. and a frequency of 12 to 15 cycles 
per second. This movement caused the radar beam 
to scan rapidly from 0 to 10 deg. in elevation while 
the whole system rotated slowly between any desired 
sector in azimuth. In practice, it was necessary 
to cover about a 120 deg. sector in azimuth. The 
relatively high frequency of movement of the dipole 
arm was necessary in order to scan the solid angle 
corresponding to + 60 deg. in azimuth and 0 to 
10 deg. in elevation at least twice, and preferably 
three times, a minute, as a slower rate of scan would 
have meant a very discontinuous view of the aerial 
activity, and this was operationally inacceptable. 

The design of the dipole-rocking mechanism 
involved several novel features, and it is worth 
recording some of these. The general arrangement is 
shown in Figs. 3 and 4. The dipole itself is carried 
at the end of a pivoted arm, the arm being rocked 
at the required speed by means of a connecting rod 
and crank driven by an electric motor. With the 
exception of the driving motor and an oil tank, the 
dipole-rocking mechanism is a self-contained unit. 
The radio-frequency feeder cable, which is fed 
from the transmitter (and receiver) in a cabin 
mounted on the array structure, is connected to a 
plug at one side of the pivot shaft, as shown in Fig. 4. 
From here the feeder passes down the centre of the 
pivot shaft in the form of a flexible section, free to 
twist through the desired angle of movement. It 
then passes through a second plug in the centre of 
the shaft and out along the top of the dipole arm to 
the dipole itself. The movement of the dipole arm 
must be reproduced by the display, and a magslip 
indicator is used for this purpose mounted at the end 
of the pivot shaft remote from the feeder plug, the 
magslip rotor being coupled directly to the pivot 
shaft so that they both rotate through the same 
angle. The magslip connections are taken through 
slip-rings to a repeater magslip in the presentation 
unit or display system. 

When moving the dipole arm at the speed re- 
quired, heavy reactions result at the bearings, and 
these forces, being unbalanced, would by themselves 
cause excessive vibration. Careful balancing is 
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therefore necessary, and the method used in this 
case is outlined in Figs. 5, 6 afid 7. It will be 
obvious that a considerable force is necessary in 
moving the dipole arm, to. slow it down when it 
reaches the end of its travel, to reverse it, and to 
accelerate it again in the reverse direction. Fig. 5 is 
a diagram of the motion drawn in the position where 
this force isa maximum. The position of the dipole 
arm is controlled by the connecting rod a and the 
crankpin 6 rotating with the crankshaft c ; the force 
which controls the arm is taken by the connecting 
rod, through the crankpin to the crankshaft bearing, 
causing a reaction R,. The dipole arm is, of course, 
statically balanced about the pivot d by weights w, 
and the force controlling the arm causes an equal 
reaction R, on the pivot bearing. Fig. 5 also shows 
the directions and points of application of these 
reactions, and it will be seen that R, and R, produce 
an anti-clockwise turning moment with the arm in 
the position considered. To cancel this turning 
moment, a mass m dynamically similar to the dipole 
arm is mounted on the pivoted shaft d and this mass 
is controlled by a second connecting rod e and crank f 
turned by crankshaft g. This is shown in Fig. 6. 
The force necessary to control the mass m is the same 
as that required to control the dipole arm, and when 
in the maximum position the reactions resulting are 
R,, and Rg,, a8 shown on the left in Fig. 6. In this 
case, however, the turning moment which results is 
acting in a clockwise direction, so that if the forces 
due to the dipole arm and those due to the mass m 
act together there is no resultant turning moment. 
This is illustrated in Fig. 7. 

The above description applies to one position of 
the motion only, but if the two crankshafts are 
geared together so that they both rotate in step, it 
will be clear that, at any instant, the turning moment 
due to R, and R, will be cancelled by an equal and 
opposite turning moment due to R,, and R,,. 
The description so far has considered the major 
reactions only; these reduce and build up in 
opposite directions. When the crankshafts move 
through 180 deg., there are, at the same time, 








smaller component reactions acting at right angles 
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to each major reaction, but the component reactions 
due to the dipole-arm crank system are opposed 
by those due to the balancer mass crank system 
and so their effects are cancelled out. Each crank- 
shaft is fitted with a flywheel to give a reasonably 
smooth drive. 

The main force acting within the system is 


approximately where I is the moment of 
inertia of thé arm, r is the effective acting radius 
of the connecting rod, and @ is the angular displace- 
ment. At an operating frequency of 15 cycles per 
second, its value is found to be 2-8 tons. It is for 
this main force that the arm was stressed. The 
oscillating arm, Figs. 2, 3 and 4, is itself a cantilever 
consisting of a tapering box structure of Duralumin 
sheet and of rectangular cross section with strength- 
ening diaphragms spaced internally at intervals. 
Two aspects of the construction are of particular 
interest and importance ; the deflection at the free 
end when oscillating and the natural frequency of 
whip. The former is approximately ~ in. at a 
oscillating frequency of 15 cycles per second, and 
the latter may be shown to be of the order of 
100 cycles per second, which lies sufficiently outside 
the operating range for there to be no tendency 
for the arm to whip in resonance with the applied 
oscillations. A photograph of the completed arm 
is reproduced in Fig. 2, on page 337. Arms of this 
type were used continuously over long periods and 
gave satisfactory service. 

The authors wish to acknowledge the considerable 
assistance given by Messrs. Nash and Thompson, 
Limited, in the development of the dipole-rocking 
mechanism, which was produced by that firm 
under M.A.P. development contract. They with 
also to thank the Ministry of Supply for permission 
to publish the article. 





TRON AND SreeL Prices.—The Control of Iron and 
Steel (No. 53) Order (S.R. and O. No. 1522, 1946) in 
creases the miximum prices of gato channels, barbed 





wire and cortain pip2s and gutters. 
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Electric Discharge Lamps. By PrRoressor H. Corron, 

M.B.E., D.Se., M.I.E.E. Chapman and Hall, Limited, 

31, Essex-street, London, W.C.2. [Price 36s. net.) 

Unni towards the end of the Nineteenth Century, 
al] artificial light sources consisted of some form of 
temperature radiator. As the higher the tempera- 
ture, the greater the proportion of the radiation 
lying within the visible spectrum, progress was 
based on the introduction of materials which 
could be run at higher temperatures than those 
previously in use. The filament of the carbon lamp, 
operating at 1,800 deg. C., was replaced first by 
tantalum and then by tungsten, the latter material 
enabling the operating temperature to be raised to 
about 2,000 deg. C. Further progress was made by 
filling the bulb with inert gas and winding the fila- 
ment in helical form, these arrangements allowing a 
temperature of 2,500 deg. C. to be employed. These 
developments raised the efficiency of the incandes- 
cent filament lamp from 3-5 lumens to some 13 
lumens per watt. During the whole period of this 
developnitnt, the carbon-arc lamp, with an efficiency 
of 20 lumens per watt, was available, but it was 
unsuitable for use in small units and had practical 
inconveniences. It is probable, however, that the 
carbon arc would have been in extensive use to-day 
if an entirely different method of providing a 
luminous discharge had not been developed in 
practical forms. 

Electric-discharge lamps were available in the 
early years of this century, when the Cooper-Hewitt 
mercury-vapour lamp was manufactured on a 
commercial scale ; Moore tubes, containing either 
carbon dioxide or nitrogen, were also in use. Pro- 
bably the next important development was the 
introduction of neon tubes, for display purposes, by 
Claude in 1910. Progress since that time has been 
great, but even now by far the majority of light 
sources in use are of the temperature-radiation type. 
This statement applies more particularly to indoor 
lighting, as modern discharge lamps have definitely 
established their position in the lighting of arterial 
roads, railway yards and other open spaces. As a 
mercury-vapour lamp has an output of 35 to 40 
lumens per watt, and a sodium-vapour lamp one 
of 40 to 50 lumens, compared with about 15 lumens 
for a high-power gas-filled metal-filament lamp, 
it is not surprising that the former types have 
taken the leading position as large outdoor sources. 
The relatively slow progress in the adoption of 
discharge lamps for indoor lighting has been due 
to the fact that they have not been available in 
forms which enabled them to be immediately sub- 
stituted for temperature-radiation lamps, as a carbon 
lamp could be replaced by a tungsten lamp, and to 
the fact that they do not produce a continuous 
spectrum. This latter disability has been overcome 
at times by the introduction of units embodying 
both types of radiation, while recent developments 
in fluorescent lamps have resulted in arrangements 
entirely acceptable even for domestic use. 

The whole subject of electric-discharge lamps, 
from basic principles to practical application, is dealt 
with in detail in Professor Cotton’s book. There 
are few electrical fields in which progress has been 
more striking than in that of artificial lighting, and 
as there is no reason to suppose that development 
has reached its limit, workers concerned with the 
subject will benefit from a study of this volume in 
which the existing data bearing on the matter are 
assembled in a logical and authoritative way. The 
potentialities of the discharge lamp are great, and 
not only research workers, but also those con- 
cerned with lighting applications, will profit from 
this survey; it may well suggest new methods 
of approach to practical lighting problems. The 
volume opens with chapters dealing with the funda- 
mentals of radiation, atomic structure, and electron 
motion in gases, and leads up to descriptions of the 
various types of discharge lamps which have been 
introduced. Fluorescence and the whole problem 
of colour are dealt with in theoretical and practical 

detail. From the point of view of the lighting 
engineer, the discontinuous spectrum of the dis- 
charge lamp is a practical inconvenience, and it is 
probable that progress in the immediate future will 


lie in its further control by the use of luminescent 
powders, or in other ways. It would be a con- 
venience to many users if the brief index of this 
valuable book could be greatly extended in later 
editions. 





A Guide to Drawing Office Tracing. By P. W. BAKER. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
London, W.C.2. [Price 7s. 6d. net.) 


Tus book, intended to assist girls employed in 
tracing offices to become proficient, will be of even 
greater value to those who contemplate taking up 
tracing as a career but who are without any clear 
idea of the nature of a tracer’s work. They will 
find in it a clear explanation of what a tracing is, 
how it is made and used, and the instruments and 
processes used in its production. More important 
still, they will find some indication of the surround- 
ings in which they may expect to find themselves, 
and a summary of the qualities necessary to their 
success. The experienced tracer, of course, will be 
on familiar ground, but there is always something 
to learn and she also is likely to find this book of 
assistance. Tracing cloth, ink, office furniture, 
etc., have usually to be taken as found, but the 
explanation of the necessary qualities of these 
things should be of interest and value. The chapter 
devoted to equipment is comprehensive and there 
are valuable hints on the choice of instruments, 
while a paragraph on “setting ” the points of pens 
by the use of an oilstone will be found helpful. 
Simple exercises are given to accustom the novice 
to the handling of instruments, and six detached 
sheets of more advanced exercises are contained 
within a cover at the and of the book. These 
vary from patterns of circles to simple engineering 
assemblies, such as expansion glands and connecting- 
rod ends. The employment of plain and unob- 
trusive forms for letters and figures is advised, 
though more examples might have been given ; 
and the use of stencils is explained. The notes on 
orthographic projection are clear and brief, being 
designed to assist tracers to understand “‘ what 
the draughtsman meant” rather than to instruct 
them in geometry or machine drawing. 





Railway Department. Technical 
Curve Realignment on the East 
By J. M. Fenton, M.B.E. The 
Delhi, India. 


Government af India. 
Paper No. 316. 
Indian Railway. 
Manager of Publications, Civil Lines, 
(Price, Rs. 2.10.0, or 48. 3d.] 

In February, 1942, shortage of staff halted the work 

of curve realignment on the East Indian Railway, 

which Mr. Fenton, the deputy general manager, had 
begun in December, 1939. Between those dates, 

340 curves were realigned, representing an average 

of one in every 2} days, and this was done under 

“survey conditions,” necessitating “the striking 

and pitching of tents and moving camps.” Although 

formerly disposed towards @ method based on the 
use of the theodolite, Mr. Fenton subsequently 
evolved his own versine method of curve survey, 
which he describes with practical illustrations taken 
from the work of realignment. The accuracy of the 
versine method is claimed to be more than adequate, 
bearing in mind normal track maintenance and the 
provision of permanent pillars defining the align- 
ment. It is considered easier to apply than most 
other methods, and, in fact, has been adopted by the 

North Western Railway of India for this reason. 

A résumé of basic versine mathematics is given, 
followed by actual worked-out examples of the 
realignment of a double-line curve, compound 
curves, and reverse curves. The fixing of pillars is 
discussed and some details are given of a special 
holder for the survey wire, which is useful in taking 
versines through turnouts, guard rails, etc. Another 
survey-wire holder, of which details are given, is 
used to obtain versines of stations at level crossings, 
where, as frequently happens, the rail level at the 
station is higher than at adjacent stations. The 
war gave rise to heavier loads, more intense traffic, 
and a consequent reduction in speeds on the East 
Indian Railway, but, Mr. Fenton states, the super- 
elevations provided during realignment will permit 
an improvement in maximum speeds when more 
normal conditions are restored. This consideration 








for future operating conditions, including, possibly, 





the use of high-speed Diesel-electric or all-electric 
trains, is also reflected in the determination of 
transition lengths; here, the comfort of the passen- 
gers and the smooth riding of the train are condi- 
tioned by the rate of change of centripetal accelera- 
tion. A transition length of 184 ft. per degree of 
curvature, which has been adopted as standard on 
the East Indian Railway, will permit future in- 
creases to speeds approaching 90 miles an hour 
without exceeding the 1 to 2 ft. per sec.* for rate 
of change of centripetal acceleration, which is 
generally recognised as the maximum limit in 
England. No doubt, Mr. Fenton’s book will be of 
interest to permanent-way engineers throughout the 
world, but the influence of the conditions, peculiar 
to India, which have given rise to his methods, 
should be borne in mind when considering the 
possible application of his methods elsewhere. 


The Pneumatic Conveying and Elevating of Grain ; Critical 
Résumé. By A. E. CanuaM, B.Sc. (Eng.). Technical 
Report W/T12. The British Electrical and Allied 
Industries Research Association, 15, Savoy-street, 
London, W.C.2. [Price 4s. 6d. net.) 

THE natural initial reaction of most readers of this 
report will be to wonder why it should have been 
produced by the particular research association 
which has sponsored it ; especially since (though the 
fact is not apparent from the title) it is concerned 
almost exclusively with the use of pneumatic grain- 
handling plant on farms. On reflection, however, 
it is soon realised that, while there is no reason 
why such plant should not be powered by fixed or 
portable internal-combustion engines, or, in the 
field, driven from the power take-off of a tractor, 
in practice, most of the installations appear to be 
electrically-driven ; and, of course, where research 
work is concerned, the electric drive has obvious 
advantages in the facility which it affords for the 
accurate control and recording of the power con- 
sumption. While these considerations provide a 
reason why the Electrical Research Association 
should take an interest in grain-conveying, the 
report itself is concerned very little with questions 
of power supply and application, but consists of a 
survey of the principles and various methods of 
pneumatic grain-handling, particularly by units of 
comparatively small size, the comparative merits 
of the pressure and the suction systems, and the 
sources of information available to those who are 
disposed to investigate the possibilities of further 
development in this field. 

The conclusions reached are that, while a certain 
amount of research has been undertaken in con- 
nection with pneumatic systems of fairly high power 
(such as, for instance, those employed in discharging 
bulk grain cargoes from ships), the knowledge and 
experience gained do not appear to have been 
applied at all extensively to the design of low- 
powered plants, especially of the portable type, 
which might be expected to attract the attention 
of individual farmers; and those smaller plants 
which have been put on the market seem to have 
evolved by a simple process of trial and error. The 
opinion of the author of the report is that, if farming 
is to prosper, mechanical devices must supersede 
man-handling methods wherever practicable and, 
therefore, “‘the future of the pneumatic handling 
systems is assured once the farmer has realised their 
advantages. This compact survey, with its appended 
bibliography, should help them to do so, and will 
be still more useful to engineers who are interested 
in the manufacture of small farm plants. 





THE DEVELOPMENT OF HIGH-VOLTAGE OABLES.—The 
latest developments in impregnated pressure cable 
systems for high-voltage transmission, including 264-kV 
single-core and 132-kV three-core cables, are being 
shown by British Insulated Callender’s Cables, Limited, 
Surrey House, Temple-place, London, W.C.2, at a private 
exhibition, which was opened at Dorland Hall, Regent- 
street, London, S.W.1, on Tuesday, October 1. In the 


course of the exhibition lectures on the theoretical and 
practical considerations governing the design of these 
cables are being given by Dr. L. G. Brazier and Mr. D. T. 
Hollingsworth, and the complicated and skilful jointing 
technique is being demonstrated, both practically aud 





by means of a film. 
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SHIP SALVAGE.* 
By G. R. Crironiny, C.B.E., M.A. 
(Continued from page 318.) 


TuRNING now from examples of magnetic mine 
casualties to a marine casualty: the Belfast Steamship 
Company’s cross-channel vessel Ulster Queen (3,791 
tons gross; built 1930), stranded in the early hours 
of the morning of February 28, 1940, on bad rocks 
1-8 miles from Ramsay Pier, and was driven broadside 
to the beach in an E.N.E. gale. The chief salvage 
officer was dispatched from Liverpool by aeroplane, 
and the salvage steamer Ranger proceeded at once 
from Gourock. The Ulster Queen was found to be 
high and dry at low water and the sea completely 
left her for a distance of about 6 ft. She was impaled 
upon a spur of rock running from the foot of the cliffs 
out to seawards and the bottom otherwise consisted of 
uneven rocks and heavy boulders. Her starboard 
side abreast of the forward funnel was crushed into 
the cliff face with such force as to cause indentation 
of the ship’s side and the bottom for several feet under 
the bilge. The contour of the spur of rock gave her a 
list to seawards of 12 deg. The bilge keel had been 
badly buckled and many rivets were sheared, but the 
only visible fracture was in the way of No. 4 double- 
bottom tank, where the keel had been pierced. For 
180 ft. from the stem, she was unsupported and her 
keel was 5 ft. above ground level. Abaft of the fore- 
most point of support she was resting on the uneven 
spur of rock and boulders for about 120 ft. longi- 
tudinally, and was again entirely unsupported over the 
remaining 46 ft. of her after body. The weather was 
still bad; on the flood tide the waves were causing 
serious vibrations, and it was feared she would break. 

It is appropriate at this point to consider the move- 
ments which left the vessel in the position described. 
They corresponded with a sequence which is common 
in strandings and may be treated as typical. On first 
stranding, she was head on to the beach and was 
held fast at the bow with the stern afloat ; but, with 
the gale on her port quarter, she was driven broadside 
to the cliffs, her stern passing over the reef, which 
impaled her amidships as she was swung inshore and 
afterwards acted as a fulcrum so that the bow swung 
seawards as the stern was driven inshore. As the 
storm waves lifted the stern, the weight of the over- 
hanging fore body acted as a counterpoise, augment- 
ing the rise of the stern, so that it was driven much 
further up the beach than would have been the case 
if the vessel had been entirely supported on the ground 
throughout her whole length. A vessel may find a 
new fulcrum with the variation of the contour of 
the ground as she is driven inshore, or may “ rock ” 
about two fulcra, and in this case the indications were 
that, at the stage when the starboard side in way of 
the forward funnel encountered the cliff face, further 
drift of the stern inshore must have been associated 
with such a rise of the stern as allowed her to be driven 
bodily up the spur. Such an analysis is not a mere 
abstract diversion; it is a practical part of salvage 
technique, since accurate diagnosis of the sequence of 
a vessel’s movements inshore is a good foundation for 
a plan to restore her to deep water. 

+ was considered of primary importance to support 
the overhang of the fore body, in the continuing bad 
weather, and the best that could be done was to con- 
struct a cement block. Loose rock was cleared and a 
block of quick-drying cement, 6 ft. fore and aft and 
10 ft. athwartships, was constructed on solid rock 
foundation below the forepeak bulkhead and was 
sheathed with soft-wood packing wedged between the 
top of the block and the ship’s bottom. There is no 
means of proving whether this cement block was 
effective in achieving the intended purpose, but during 
bad weather, synchronising with spring tides, the block 
was shattered, hence it is permissible to deduce that 
it had been taking a considerable load. The starboard 
bilge in way of the maximum indentation was cleared 
and cemented up to minimise the risk of fracturing 
the bilge and flooding the auxiliary motor room. 
Meanwhile, a coaster transhipped the 370 tons of cargo. 

The plan formulated for refloating the vessel was to 
discharge the cargo and all portable equipment; and 
to blast away the cliff against which the starboard 
side of the vessel was bearing, and the spur of rock 
which was producing the list to port. The blasting 
was performed by boring into the rock with pneumatic 
drills to a depth varying from 1 ft. to 3 ft., and exploding 
small charges of a }-lb. of polar blasting gelignite. 
Such small charges crumble the rock without causing 
damage to the ship. This operation led to the dis- 
covery that a pinnacle of rock had penetrated No. 4 
tank. If this had not been removed, it would have 
acted as a dog-shore, preventing movement of the 





* Paper read in Glasgow on September 24, 1946, at a 
joint meeting of the Institution of Naval Architects and 
the Institution of Engineers and Shipbuilders in Scotland. 


wreck to seawards. Discharging from the vessel all 
removable gear, including water ballast and stores, 
involved consideration of her stability. The data 
showed that the plan was practicable. On the maxi- 
mum spring tide at the end of March, there would be 
at best only a margin of a few inches, but an alteration 
of trim by the head, which was permissible in conse- 
quence of the forebody being off the ground, was 
relied upon to lift the stern clear of the spur. The 
lightening of the vessel and the blasting of rock from 
the starboard side and bilge rendered her more vulner- 
able to gale conditions during the course of the opera- 
tions, and in the gale which synchronised with the 
mid-March spring tides she pivoted on the spur and the 
bow shifted 2 ft. to seawards, while the stern swung 
further inshore, notwithstanding that heavy ground 
moorings had been laid out from the bow and stern. 
Four days before the maximum spring tides, the 
lightening operations had been completed and the 
removal of rock had reduced the list to 9 deg., which 
lowered the starboard bilge about 2 ft. 6 in. Con- 
siderable blasting work had also been performed to 
seawards to clear a path for heaving the vessel into 
deep water, and heavy ground moorings, consisting of 
7-ton Trotman anchors backed by 4}-ton anchors and 
rigged to purchases, were laid to seawards from the 
port bow and stern and hove taut. The purpose of 
the bow mooring was to heave the bow seawards and 
afterwards to prevent it swinging inshore; and the 
stern mooring to prevent the stern from swinging 
inshore during the movement of the bow and after- 
wards to heave the stern out to sea. At high water 
on March 23, heaving operations were commenced, 
but the vessel showed no sign of movement. As soon 
as the tide left her, blasting operations were resumed 
under the starboard bilge. A further attempt was 
made on the midnight high water with the forepeak 
and No. 1 tank flooded, and 65 tons fuel oil was trans- 
ferred from No. 4 to the Nos. 1, 2 and 3 fuel tanks. 
Buoyancy of No. 4 double bottom tank had been 
obtained by compressed air. Very light movement of 
the bow was obtained, and again at low water blasting 
work was resumed under the starboard bilge and at 
the stern. On the midday tide of March 24, heaving 
operations were resumed and the salvage vessel Ranger 
and a tug were manceuvred off the port beam to 
create a swell to which the vessel might respond with 
the passing of each wave crest. The chain locker and 
forepeak store were also flooded by salvage pumps to 
alter trim by the head and lift the stern, and the heaving 
effort was concentrated upon the stern. As the tide 
turned to the ebb, all the flooded forward compart- 
ments were pumped out so as to relieve the weight 
on the overhanging bow. It was found when the tide 
receded from the vessel that the stern had been hove 
seawards 16 ft. This gave access to rock formation, 
which constituted a crutch upon which the vessel bore 
as she tended to correct the list. Again blasting 
was resumed with the greatest vigour, as the tides of 
the following day would be the highest springs, and 
none of even approximately similar height would occur 
until October. 
The following tide was completely disappointing ; 
it was 3 in. lower than the previous tide, and the vessel 
made no response to heaving and trimming. Once 
again, blasting and clearing of rock under the starboard 
bilge, around the stern and under the port quarter 
proceeded vigorously, and, all the ship’s portable 
equipment having been transhipped, the engine room 
was searched for spares or parts which could be dis- 
mantled to relieve the vessel of weight. At noon on 
March 25, heaving was resumed and tanks were manipu- 
lated both to alter trim and the angle of list, and at 
12.40 p.m. the stern commenced to swing seawards. 
Air pressure was released from No. 4 double bottom 
tank so as to allow it to flood; the chain locker and 
forepeak store were pumped out, and the after double- 
bottom tanks were filled to correct any tendency of the 
bow to pin as the stern was hove seawards. The vessel 
floated clear at 1 p.m. At 2 p.m. she was taken in 
tow towards Ramsey Bay, where she was made fit for 
a passage to Belfast. 
On the morning of June 7, 1940, notice was received 
that the Eros (5,888 tons gross; built 1936) had been 
torpedoed 18 miles north of Tory Island, and that an 
attempt was being made to tow her into Lough Swilly. 
She carried a large consignment of fighter aircraft 
and R.A.F. equipment, together with a valuable cargo 
of bacon and hams in refrigerated stowage, and general 
cargo valued at half a million pounds sterling. A later 
message stated that she was rapidly settling by the 
head and an attempt was being made to beach her 
inside Tory Island. A chief salvage officer was des- 
patched by R.A.F. reconnaissance plane from Liverpool 
and the Ranger was also despatched with air com- 
pressors, a large battery of salvage pumps, heavy 
ground moorings and cargo-handling gear. It was 
obvious that, as this part of the coast is one of the most 
exposed positions in the British Isles, where a persistent 
Atlantic swell is encountered even in fine weather, and 
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operations would have to be concentrated upon trang 
ferring her at the earliest possible moment into a mop, 
sheltered position. A large coaster was immediately 
chartered to proceed from Belfast to tranship th, 
fighters, and two others from Glasgow, to lighten the 
forward holds if necessary. The salvage officer found 
her beached four miles west of Horn Head ; : 

‘ a and six 
cables offshore with her forward decks submerged to 
the bridge, her bow in 51 ft. of water, and the stern 
afloat. She had taken the ground in that position wit}, 
the tide at four hours ebb as she was being toweg 
inshore stern first. The rescue tug laid a moorin 
inshore from the port quarter of the Eros in an endeg. 
vour to keep the stern inshore. The explosion had 
fractured most of the pipe connections in the fuel ojj 
system and the oil in the settling tanks was contayj. 
nated with salt water, but the working party from the 
escort vessel, assisted by engine-room ratings from the 
rescue tug, had improvised a temporary fuel line to the 
boilers in an effort to raise steam to re-start the refyj. 
gerating machinery so as to preserve the refrigerated 
cargo in the after holds. The vessel was flooded from 
the stem to the machinery space, but the only leakage 
into the machinery space itself was from a broken pipe 
connection to one of the forward tank pipe-lines, and 
all the after compartments were apparently intact, 

At the time of the Ranger’s arrival, the deck in the 
way of No. 2 hold was submerged about 5 ft. at high 
water and cargo was washing out of Nos. 1 and 2 holds 
in the heavy swell. At low water, only the after part 
of No. 2 hatchway emerged, hence no pumping of that 
compartment was possible in that position, and the 
tides were declining to the neaps. The Ranger imme. 
diately transferred two Hurricanes from the after deck 
into the coaster in addition to a number of aeroplane 
parts. Simultaneously, preparations were made to 
seal the cross-bunkers for the p of recovering 
buoyancy by compressed air. A 3$-ton salvage 
anchor with 120 fathoms of 44-in. wire was laid from the 
port quarter inshore and rigged to a 40-ton purchase, 
It was not until June 11, owing to the persistent swell, 
that a diver’s examination could be carried out, and 
that was restricted to the starboard side. This 
showed that the vessel had been hit by the torpedo 
forward on the starboard side and her entire forefoot 
had been blown away, the damage extending up to the 
31-ft. draught mark on the stem. The bottom of the 
chain locker was missing, and the chain cables had 
run out fully. (As they were acting as a drag, they 
were severed by gelignite.) The forepeak bulkhead 
was shattered, and the sheerstrake in the way of the 
No. 2 hatchway was split, with numerous rivets out. 
When examination of the port side became possible, 
it was found that the sheerstrake on the port side 
was also split and the buckling extended across the 
deck and down to the bilges on each side. There was 
a further deep buckle in the way of the cross-bunker 
and settling tanks, but the stresses were in the reverse 
direction, the bottom being in compression and the 
upper strakes of side plating and the deck being in 
tension, from which it was deduced that the condition 
was the result of the rebound of the fore body from 
the upthrust of the explosion. 

Continuous trouble was experienced in keeping steam 
owing to the contamination of the fuel oil with sea 
water, and an improvised method of settling the fuel 
was arranged. Three 100-gallon galvanised tanks, 
procured in Londonderry, were rigged in the engine 
room, connected to the burners, and fed by pumping 
oil from the surface of the vessel’s fuel tanks. In 
this way the temperatures of the after refrigerated 
compartments were maintained. By the afternoon of 
June 13, the buoyancy of the cross-bunker was re- 
covered by compressed air, while the after peak, after 
ballast tanks, and magazine in the poop were flooded. 
At high water, the forebody eased off the ground and 
the vessel was hove inshore ; at low water her bow was 
in 35 ft. of water. Damaged bacon and boxes of ham 
had been jettisoned in readiness for lowering pump 
suctions, and in the new position, where No. 2 hatch 
coamings emerged at low water, two 12-in. pumps were 
transferred from the Ranger to the bridge deck. 

“On June 16, weather had moderated, and at low 
water a pumping test was made of No. 2 hold, which 
succeeded in outen the water 10 ft. below the upper 
deck. Jettison of cargo was resumed for the purpose 
of lowering the pump suctions, but, towards evening, 
the swell increased with a fresh westerly wind and the 
split in the sheerstrakes was found to be extending. 
It was decided to remove the vessel immediately to a 
more sheltered position, and on the morning of June 17, 
all the after t tanks, after peak, store rooms, and 
magazine in the poop were flooded to obtain the maxi- 
mum amount of trimming effect without damaging sound 
cargo; No. 2 hold was pumped down to the B deck, and 
the cross-bunker blown by compressed air. The rescue 
tug was made fast astern and the Eros was turned 
stern to seaward, but the tide commenced to ebb and the 
vessel again took the d. Towing was continued 
throughout the low-water period to keep the stern to 








Abridged. 





was at the time an area of enemy submarine activity, 





seaward, and on the next flood she floated and pro- 
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ceeded in tow, stern first, towards Lough Swilly. The 
draughts were 39 ft. forward (that is, fore decks just 
awash) and about 17 ft. aft. The broken shell plating 
on the port bow acted as a large rudder which gave the 
vessel a big sheer, the tug being seldom less than 50 deg. 
on the quarter. With the Ranger lashed alongside 
for steerage purposes, the flotilla entered Lough Swilly, 
and the Eros took the ground near Buncrana. 

In the comparative shelter of the Lough, the situation 
was reviewed. The fore deck in way of No. 1 hold 
and the forepeak bulkhead were so badly shattered 
and the structure so weakened that a great expenditure 
of time and effort would have been necessary to obtain 
airtightness, and, as the bottom damage was too serious 
for patching, it was decided that al ey to destina- 
tion would have to be made with No. 1 hold open to 
the sea. As the perishable cargo in No. 2 upper 
and lower ’tween decks was choking the salvage pumps, 
it was decided that better control of the leakage into 
this compartment would have*to be obtained, and the 
vessel lightened to bring the forward draught to a 
maximum of 28 ft. for docking at Belfast or Birkenhead. 
There was doubt whether it would be possible to use 
her main engines, as pipe-lines had been shattered all 
over the ship, but it was decided to rig temporary 
pipe-lines and to work the engines slowly to relieve the 
tugs. She was running short of fuel and had only a 
sufficient reserve to maintain the refrigerating machi- 
nery for three days, but a small Admiralty tanker was 
sent to the Lough, and arrived before the fuel supply 
had been exhausted completely. Only one fuel tank 











was sound, and this was filled to its capacity of 150 tons. 
As the lightening of the fore end proceeded, the vessel 
was taken farther up the Lough, and was ultimately 
beached on the island of Inch. By July 4, she was 
fit to proceed and the leakage into No. 2 hold was 
under easy control. The draughts were 28 ft. forward 
and 22 ft. aft. She was taken in tow on July 5 and 
arrived safely in Belfast Lough at 2 a.m. on July 6. 
It was decided that she should continue the passage to 
Liverpool in the fine weather conditions then prevailing, 
and she docked at Birkenhead on July 8. 

The above is an illustration of the simplified tech- 
nique whereby vessels were brought into port and 
discharged at a normal discharging berth with damaged 
compartments open to the sea. A former technique 
would have prescribed the fitting of heavy timber 
shores to the after side of No. 2 bulkhead, “ securely 
braced so as to prevent their displacement by any 
temporary deflection of the bulkhead under the influence 
of waves striking the bulkhead on the fore side ’—to 
quote from an earlier report upon a similar salvage opera- 
tion. The same technique might also have prescribed 
“the fitting of heavy girders across the buckles to 
compensate for the loss of longitudinal strength,” and 
even with these additions a harbour authority would 
have required the beaching of the vessel outside the 
dock system for complete or partial discharge before 
dry-docking. The methods described may be accepted 
as typical of several hundred salvage operations per- 
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HIGH-CLEARANCE CROP-SPRAYING 
VEHICLE. 


THE improved insecticides developed during thé war 
for use by the armies in the Far East are now available 
for general use and, in consequence, the farmer has 
gained a valuable weapon for use in the perpetual fight 
against insect pests. Nevertheless, the economical 
application of the insecticides still remains a problem 
and the use of mechanical aids for spraying growing 
crops is receiving increasing attention. Unfortunately, 
the normal farm tractor, while capable of working 
between rows during the early stages of growth, is not 
suitable when the crops have grown to any appreciable 
height, as, due to the comparatively low ground clear- 
ance, the crops would be damaged, which is particularly 
serious objection when the crops are grown foi seed. 
Special vehieles with a high ground clearance have to 
be used, therefore, when spraying fully-grown crops, 
and an example of such a vehicle, designed and built 
by County Commercial Cars; Limited, Fleet, Hampshire, 
is illustrated in Figs. 1, 2 and 3, on this page. The 
ground clearance, in this case, is 4 ft. and to enable 
the vehicle to be used for spraying different crops, the 
wheel-track has been made adjustable by increments 
of 2 in. between the limits of 54 in. and 78 in. 

As it was necessary for the firm to design and con- 
struct six of these vehicles within three months, the 
design had to be based largely on an existing vehicle. 
The Ford W.O.T. 6, an army type, four-wheel drive. 
3-ton load-carrying vehicle, was selected on account of 
the high power available, which is 60 brake horse-power 
at 2,840 r.p.m., the low gear ratios obtainable through 
the normal transfer gearbox, and its general adapt- 
ability. This vehicle, however, has been modified con- 
siderably, the load-carrying body, together with the 
front axle and its associated springs, brakegear and 
steering mechanism, having been removed, the position 
of the back axle altered, and the frame cut short at 
the cross member immediately to the rear of the 
transfer gearbox. The modified unit was then mounted 
on to a new steel-fabricated chassis, manufactured by 
County Commercial Cars, Limited, the front spring 
leading shackle bolt holes being utilised for holding 
down the forward end while the rear was bolted to a 
cross-member incorporated in the new chassis. The 
original back axle has been used, in a modified form, 
to transmit the drive to the rear wheels by means of 
sprockets and chains, and fixed to the transfer gearbox 
by a short rigid torque tube, the drive from the transfer 
box passing directly to the pinion of the rear axle. 
The rear of the vehicle, which is unsprung, is carried 
on 36-in. diameter wheels equipped with 36 x 9 agri- 
cultural tyres, while the front is carried on 20-in. 
diameter wheels equipped with 9-00 x 20 tyres. Each 
front fork is sprung by means of a helical spring working 
in conjunction with plunging cylinders, hydraulic 
dampers being incorporated in each unit. 





formed during the war. 





(T'o be continued.) 


As previously mentioned, the drive to the rear wheels 
is transmitted from the back axle, which, in its modi- 
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fied form, is called the cross-drive shaft, by means of 
chains, the lower ends of the chain cases housing the 
bearings for the rear wheels. At their top ends, the 
chain cases are located by four strong tubular cross- 
members on which they are free to slide, being locked 
at the desired track width by spring-loaded plungers, 
which fit into holes drilled in one of the lower cross- 
members. This t is illustrated in Fig. 1, on 
page 341, which shows the rear offside wheel displaced 
towards the centre of the vehicle. The cross-drive 
shaft passes through each chain case and, in turn, 
through a sprocket-wheel supported in bearings in the 
top of each chain case. Two keys, fixed to the bore 
of each s' ket, which slide in keyways cut on the 
outside of the cross-drive shaft, transfer the drive to the 
sprocket-wheels and thence to the rear wheels. 
The cross-drive shaft is an ingenious adaptation of the 
rear axle originally fitted to the Ford W.0.T.6. The 
brake assemblies, hubs and all brackets, such as the 
spring perches, have been removed from the half shaft 
and the outer periphery of the casings subse- 
quently machined down along their complete lengths. 
Two Ti roller thrust bearings are then fitted to 
each half-shaft , each set of which supports a 
hollow steel shaft which revolves round the casing. 
The inner cones of the Timken bearings are a push fit 
on the half-shaft casings, while the outer cones are a 
tight fit in recesses machined in the bore at each end 
of the hollow shafts. The inner 
as close as practicable to the differential ho 
located by shoulders machined on the half-shaft. casings 
of the hollow-shaft assemblies are held in position by 
nuts wo in threads formed at the extremities of 
the half-shaft casings, the nuts being tightened up 
against the inner cones of the outer bearings in the 
same manner as for the front hub of a normal road 
vehicle. The drive is transmitted from the differential 
to the hollow shafts by flanges, the centres of which 
are splined to the outer ends of the original half shafts, 
and the outer edges bolted to the ends of the hollow 
shafts. Braking is effected by standard brake drums 
bolted to flanges formed at the inner ends of the hollow 
shafts, the original Ford brake mechanism having been 
adapted for use in this new position. 
The weight on the front wheels is transferred to the 
chassis in the same manner as for the rear wheels, 
but only two, vertically disposed, tubular cross- 
members are used. . The steering movement is trans- 
mitted to the front wheels through telescopic splined 
shafts passing vertically through the centres of the 
suspension units, the steering arms being keyed to the 
top, and stationary, portions of these shafts. The steer- 
ing linkage is illustrated diagrammatically in Fig. 3, on 
peso 341. The struts a, which are free to move circum- 
erentially on the stationary cylinders of the suspension 
units, are located at the pivot points b. A bell-crank 
lever is fitted to each pivot point, the outer arms of 
which are set to give Ackermann steering and are 
joined to each other by the adjustable track rodc. The 
inner arms of the bell-crank levers are, in turn, con- 
nected to the steering arms d by the pull and push 
rods e, and, on the offside only by the rod h, to the drop 
arm f of the steering box left in situ on the original Ford 
chassis. The pivot points b are held on the flexible 
plates g, which are welded to the chassis frame. It will 
be seen that, as the front wheels are moved inwards, 
the forward ends of the struts a and the steering arms d 
are automatically carried inwards also. The arms of 
the bell-crank levers, however, remain stationary and 
the linkages behave as linked parallelograms, the 
ing arms d remaining parallel to the corresponding 
arms of the bell-crank lever, thus keeping the wheels 
in the straight-ahead position. The displacement of 
the pivots b, due to the wheel assemblies moving in a 
straight line, is accommodated by the flexing of the 
plates g. 

The wheel track is altered by means of a portable 
screw-jack, which is placed in position on the side of 
the chassis opposite the wheel to be moved, the extend- 
ing portion of the jack being pinned to the wheel carrier 
assembly, while the body of the jack is held to the 
chassis side and prevented from rotating by a bayonet- 
type fixing. Rotation of the jack handle either expands 
or contracts the jack, which, by reacting on the chassis, 
displaces the wheel assembly. The illustration Fig. 1 
shows the jack in position and the rear, offside wheel 
displaced inwards. 

The weight of the vehicle, as illustrated, is 4 tons, 
but, despite this and the high centre of gravity, its 
behaviour on the road is excellent, the only difference 
from a normal commercial vehicle being. the steering 
which is not self-centring. Although designed for 
crop spraying this vehicle, owing to its high clear- 
ance, - other obvious applications, such as the 
carriage and laying of pipes and rails, which could be 
slung beneath the floor of the vehicle and subsequently 


lowered into the prepared position. Its usefulness in 


euch a role is enhanced by the fact that the drive from 
the gearbox to the front axle of the original Ford 
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SUB-SURFACE WORKS AND THE 
LONDON TRAFFIC PLAN. 
In a paper entitled “‘ Sub-Surface Works,” read at 


and the London Plan, on Thursday, September 12, 
Mr. H. F. Cronin said that one of the commonest 
causes of traffic delays was the opening of carriage- 
ways or footways for the laying, repair or inspection 
of pipes, cables and sewers. 
look into one of these openings would be convinced 
that the congestion of traffic on the surface was 
equalled by that below ground. Every dwelling must 
have at least a water supply and a connection to the 
sewer, but none would now be satisfied without a supply 
of gas or electricity, or both. To many persons the 
telephone was also a necessity, while numerous fac- 
tories required hydraulic power. In addition to these 
services there was the possibility of district heating. 
All the pipes, cables and apparatus for the supply of 
these services must be laid under the streets. 
As regards district heating, it was contemplated that 
the pipes conveying the hot water would have dia- 
meters up to 24 in. These pipes would have to be 
lagged and laid in concrete ducts, and for this reason 
it was difficult to see how the system could make 
much progress in the inner parts of London. Electric 
cables were found at various depths, depending on the 
space available when they were laid, but modern 
eager? was to provide not less than 18 in. of cover for 
low-voltage distributors and 24 in. for high-voltage 
mains, adding 12 in. in each case when they had to be 
laid under the carriageways. In a congested area, 
blocks of cable ducts having a cross-sectional area of 
about 4 ft. by 4 ft. might be encountered. The mileage 
of buried cables in the County of London probably 
approached 10,000, and there might be as many as 
30 cables on any one route. Almost the whole of the 
gas distribution system was composed of cast-iron 
mains up to 48 in. in diameter. As these mains 
had to be laid to a fall, so that condensate could be 
collected at low levels, the choice of a path for them 
was not so simple as for water mains. Gas pipes were 
usually laid with a cover of between 2 ft. and 4 ft., 
and there were probably about 4,000 miles of them in 
the County of London. The London Hydraulic 
Power Company owned a system of mains about 183 
miles long, through which river water at a pressure 
of 700 lb. per square inch was supplied for power 
purposes in an area adjacent to the river and West End. 
The pipes used for this purpose were of steel and 
cast iron, and varied from 2 in. to 10 in. in internal 
diameter. 
Generally speaking, the sewers were deep. For 
example, of a total of 386 miles belonging to the 
London County Council, 278 miles, or 72 per cent., 
had a cover of 10 ft. or more. The sewers were mostly 
constructed of brickwork surrounded by concrete, 
and the house connections were made by stoneware 
pipes. Since sewers had to be laid to a fall, they 
could not be diverted easily. Manholes must be 
provided for access at fairly frequent intervals and 
also, in the case of small sewers, where the direction 
changed. Access to many of the sewers in the carriage- 
way was by side entrances opening from the pavement. 
These sometimes caused serious obstruction to the 
laying of mains. Conduit routes for telephone cables 
might be formed of spigot and socket self-aligning 
glazed earthenware ducts of from one to nine ways laid 
in combinations up to 20 ways, or of single octagonal 
glazed-earthenware ducts, arranged in blocks of con- 
crete, of from 20 to 100 ways. Such groups of ducts 
might have a cross section of over 20 sq. ft., thus 
occupying considerable space below ground. Jointing 
chambers consisted either of shallow pits in the footway, 
measuring about 5 ft. long by 3 ft. wide and 3 ft. deep, or 
of large underground chambers measuring up to 5 ft. 6 in. 
wide by 12 ft. long and as much as 10 ft. high. A 
certain number of subways and tunnels of moderate 
depth had been in use for large cable routes, but during 
the war a system of tunnels 8 ft. in diameter and 
about 100 ft. in depth were provided to link up vital 
centres with the underground tube railways and Post 
Office parcels railway, and in some cases to accommo- 
date repeater plant. In all, some 14 miles of such 
tunnels, which were formed of concrete sections in the 
London clay and of cast-iron sections in unfavourable 
ground, had been constructed and, in conjunction with 
the tube railways, had provided means for securing 
safety for the main cables running out of London 
through vita] areas of the city most liable to bombing. 
The Metropolitan Water Board owned about 4,000 
miles of mains in the County of London, ranging from 
3-in. up to 48-in. in diameter, and conveying water 
at pressures up to and sometimes exceeding 200 ft. 
head. Practically the whole of this mileage was com- 
of cast-iron pipes. The cover might be as little 
as 2 ft., but was usually greater, being determined not 
only by the need for protection against traffic, but also 
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suitable points to enable the water to be cut off, ang 
were prima & located in the carriageway. In common 
with other public utility undertakings, great difficulty 
was experienced in finding paths for new mains inty 
London. Since over two-thirds of the water supply 
was obtained from the Thames in the vicinity of 
Hampton, the older roads into London were practically 
carried on water mains. For example, at Notting Hj} 
Gate there were one 36-in., five 30-in., one 6-in., one 
5-in. and one 3-in. water mains. Added to this must be 
one 24-in. and two 14-in. gas mains, as well as power and 
telephone cables, and it would be appreciated that the 
sub-surface of the 36-ft. carriageway was thus extremely 
congested. For this reason consideration was bei 
given to the laying of further trunk mains in deep 
tunnels driven through the London clay; and one of 
the problems requiring solution was the design of a 
tunnel lining which would form the pipe and be capable 
of remaining watertight under heads of 200 ft. or more. 
The effects of the worke proposed by the London 
Plan upon the mass ot gw cables and apparatus 
laid below ground, would, therefore, be considerable 
and would involve expenditure of no mean order. To 
carry out these proposals, it was intended to widen, 
divert and close existing, and to construct new streets, 
as well as to provide subways for ians and 
pipes and cables. This would entail extensive diver- 
sions of mains and cables, and to give an idea of the cost 
involved, an estimate had been prepared for lowering 
the following apparatus 10 ft. in the case of a road 
paved with w biocks on 12 in. of concrete: two 
4-in. and one 18-in. gas mains; one 3-in.; one 6-in., 
one 18-in. and two 30-in. water mains, two groups, 
each of 9-way, telephone ducts; two groups of elec- 
tricity-supply cables, and one 6-in. hydraulic power 
main. Together with the valves, pits and manholes 
attached to them, this might easily cost 200I. per 
linea] yard. Moreover, if the surface of the street were 
lowered considerably, the position of the sewers might 
be affected and the railway tunnels might come into 
the picture. 
From the traffic point of view, there was no objection 
to public-utility undertaking apparatus being placed 
under the streets, if no openings in the carriageways or 
footways were necessary or if no settlement occurred in 
the trenches in which this apparatus was laid. Al- 
though this could not be achieved, much could be done 
to reduce the road openings to a minimum by extend- 
ing the scheme whereby statutory undertakings are 
notified how roadworks involving the closing of one- 
third or more of the width of a carriageway were to be 
carried out. The same procedure might be adopted 
when existing streets were to be widened, and in each 
case the undertakings should receive at least six months 
notice so that they could prepare their plans. 
It could be suggested that the provision of subways 
would do much to prevent the disturbance of the road 
surface. There were, however, certain disadvantages 
inherent in a system of subways, which, except in 
special cases of certain congested crossings or inter- 
sections of roads, rendered their use undesirable. 
These were the expense of diverting existing mains 
and cables into the subways, the damage caused to 
other services by the breakdown of one of them, 
the difficulties of drainage and ventilation, and the 
reduced carrying capacity of electric power cables, 
owing to the lower dissipation of heat. There was also 
the difficulty of renewing pipes and anchoring water 
mains. 
One fact which was apparent from whatever angle 
the London Plan was examined was the need for 
co-operation between all the authorities involved and 
the early notification of concrete proposals coupled 
with a request for observations thereon by public- 
utility undertakings. It would facilitate matters, and 
hasten the execution of the works, if the proposals and 
counter-proposals could be dealt with by a small 
representative committee who would reconcile the 
conflicting interests, especially on the thorny question 
of payment of costs. Moreover, if the Plan was to be 
made to work and work quickly, a committee of engi- 
neers might well be appointed to examine and report 
upon what might be described as its engineering 
implications. 





WATER SPRAY FOR CLEANING ESCALATORS.—Dust and 
dirt accumulate in the escalator stairs of the London 
Passenger Transport system, and to prevent this dust 
from being ignited by carelessly dropped matches or 
cigarette ends, it must be removed at regular intervals. 
To ease the work of removal, some escalators have been 
fitted with water-spraying nozzles along the underside of 
the stairs. The nozzles deliver a fine spray of water 
which moistens the dirt, enabling it to be more easily 
removed, and to a large extent causing it to fall off. Ap 
escalator at Knightsbridge and one at Charing Cross were 
fitted with this device some months ago, and as a result, 


maintenance was simplified and there were no interrup- 
tions to the service. 


It has been decided therefore to 





against frost. The house connections were made by 
lead pipes. Valves were inserted at all branches and at 





equip a further 19 escalators. 
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OPTICAL GLASS IN WAR.* 
By Str Huon Cuance, M.A,, F.LLA. 


Ar the outbreak of war in 1914, optical glass manu- 
facture was almost entirely in the hands of Schott in 
Germany, Parra-Mantois in France, and Chance 
Brothers in England, War served as a great spur to 

roduction, and resulted in the establishment of new 
sources of supply in Allied and enemy countries. 
Instrument manufacture was a serious bottle-neck in 
Allied munitions production, and optical glass was in 
short supply in England and America until output 
caught up with demand in 1918. Not only was there a 
shortage of technicians and basic technical knowledge, 
but much research work was necessary to reproduce the 
German barium glasses which were required for aerial 
photographic lenses. The end of the war found the 
world heavily over-stocked with supplies of optical glass, 
and in the course of the next few years several of the 
firms which had entered the business during the war 
either amalgamated with other firms or dropped out of 
the running. In France, the St. Gobain Company’s 
war-time works were incorporated in the old-established 
frm of Parra-Mantois; in Germany, Schott absorbed 
the Sendlinger works of Goertz; and in the United 
States the Spencer lens plant was liquidated, while the 
Pittsburgh Plate Glass Company concentrated their 
technical activities mainly in the ophthalm’‘c field. In 
England, the Derby Crown Glass Company was pur- 
chased by the late S.r Charles Parsons and re- 
named the Parsons Optical Glass Company, while the 
Scottish firm of instrument makers, Messrs. Barr and 
Stroud, decided to establ.sh the manufacture of optical 
glass, to supply a portion of their own requirements, 
under the able direction of Dr. (now S r) James French. 

The coming of peace had an almost catastrophic 
effect on the optical-glass business of Chance Brothers. 
Optical-instrument manufacturers were going through 
a bad time and required very little glass for some years, 
their war-time stocks being adequate for their much 
reduced requirements, The period 1921-25 nea'ly 
saw the end of the optical-instrument and optical-glass 
industries, but manufacturers struggled on and were 
materially helped by the increase, in 1925, of the Key 
Industries Duty from 33} per cent. to 50 per cent. 
Whether the increase in the duty unduly stifled enter- 
prise or prevented rationalisation can never be proved, 
but at least it kept manufacture in being; and in the 
years of foreign currency depreciation and low relative 
wages on the Continent, retained a proportion of the 
British market for the home manufacturer. In 1932, 
the executors of Sir Charles Parsons sold the goodwill 
of his company to Chance Brothers and closed down the 
Derby plant, this withdrawal of one of the two firms 
supplying a limited market enabling a real start to be 
made in pursuing an active pol cy of research, technical 
development and capital re-equipment. At the same 
time, the Service departments formed an Optical Glass 
Committee, charged with the duty of overlooking 
optical-glass production, and a scheme of co-operation 
in the field of research was developed under the chair- 
manship of the Director of Scientific Research, Admir- 
alty, which, inter alia, made full use of the facilities 
provided by the British Scientific Instrument Research 
Association. The amalgamation of the two businesses 
mentioned above resulted in a lowering of costs and 
made possible a start to secure export business. In 
1936, the Government decided to initiate a policy of 
re-armament, the scientific-instrument industry being 
given a programme of expansion involving an increase 
in the output of optical glass by 2} times. Extensions 
to buildings and additions to plant and equipment were 
put in hand at Smethwick and two years later further 
processing equipment was installed to make full use of 
the increased melting capacity. 

Immediately upon the outbreak of war in 1939, the 
Government decided that a second factory was neces- 
sary. Prior discussion had involved a scheme in which 
a portion of one of Messrs, Pilkington Brothers’ fac- 
tories at St. Helens could be made available, and advan- 
tage taken of their technical, engineering, research and 
administrative facilities. A new company was set up 
to operate the plant and was given the name of 
“Umbroc.” The technical and engineering staff of the 
two firms of Chance and Pilkington concentrated on 
providing a plant incorporating the most modern 
elements of Chance Brothers’ current practice with a 
layout for rapid flow. The origtnal plan embraced a 
two-furnace unit with an output potential about half 
that of the plant at Smethwick, buc in November, 1939, 
the Admiralty decided to double the number of furnaces 
and to increase the amount of processing equipment. 
A period of nine months was originally estimated for 
construction of the two-furnace plant, but all four 
furnaces were operating in less than that time. The 
rate of production from both Chance Brothers and 
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Umbroc was in excess of the rate of consumption by 
the instrument firms. The increasing demand made it 
possible to apply the results of the pre-war research 
work for improving the efficiency of manufacture and 
so successful did this prove that the output originally 
planned for Smethwick and St. Helens was more than 
doubled without any increase in the number of furnaces. 
The processing capacity, however, had to be increased 
by building a new plant at the Pilkington factory at 
Ravenhead, St. Helens, and by taking over a large 
building adjoining the Umbroc plant. Later, an addi- 
tional melting furnace was erected at Smethwick and 
some additions made to the processing plant. 

Taking the year 1935 as representing normal peace- 
time conditions, by 1939 the sales had increased 2-56 
times and, in 1942, reached their peak of 7-33 times pre- 
war sales. From 1943 onwards, it was found possible 
to accumulate a reserve stock at Umbroc, which 
made it unnecessary to consider building the third 
plant considered likely at one time for reasons of 
security. By the beginning of 1941, the output position 
was so satisfactory that permission was given to resume 
export and considerable quantities of glass were shipped 
to America (where, for a time, a “ famine of glass ” was 
being experienced) and to Canada, India, Australia and 
China. In the autumn of 1940, the Canadian Govern- 
ment had decided to establish an optical-glass and 
instrument factory at Leaside, Toronto, and Messrs. 
Chance Brothers agreed to make available their tech- 
nical knowledge, to provide drawings of plant and 
equipment, to loan technical staff, and to train key 
personnel recruited both in Canada and England. 
Backed by the driving force of Colonel W. E. Phillips, 
C.B.E., and his team of engineers and technicians, 
Research Enterprises, Limited, as the organisation was 
known, got going with amazing speed and the first 
melt of Canadian optical glass was produced in June, 
1941. The output rose rapidly, and in the early years 
of the entry of the United States into the war, Research 
Enterprises, Limited, was able to provide very material 
assistance to her neighbour by shipping substantial 
quantities of glass. Messrs. Chance Brothers continued 
to act as technical consultants. and thus made it 
unnecessary to duplicate research and development 
work which would have taxed to breaking point 
Canada’s resources in recruiting scientists. Answers 
to technical queries could be given with no appreciable 
delay and the latest manufacturing practice was con- 
tinually made available and supplemented by visits. 
In England, the demand for optical glass reached its 
peak in February, 1944, and in June of that year the 
Umbroc factory began to slow down, the last melt- 
ing furnace being put out in February, 1945. The 
factory is now on a care and maintenance basis. It 
was of interest to note that the increase in production 
in Germany during the war, taking the year 1935 as a 
bas's, was 6-4 times, as against the 7-33 in England. 

In planning a programme of research, the likelihood 
of having to expand output very rapidly was a primary 
consideration in the years immediately preceding the 
outbreak of war in 1939. It was, therefore, decided to 
concentrate research on improving the “yield” of 
usable glass, that is, attaining the maximum quantity 
of homogeneous bubble-free material from each melt 
and studying the best means of “ converting” most 
economically the resultant glass into the wide variety 
of shapes and sizes required by the optician. While 
immediate priority was given to these two problems, 
other matters were investigated, such as the following : 
(1) improvements in annealing technique, involving 
methods of heat treatment and stabilisation of refrac- 
tive index; (2) methods at assessing durability ; 
(3) provision of raw materials of maximum purity ; 
(4) development of new types of optical glass having 
extreme optical properties ; (5) improvements in refrac- 
tory materials; (6) extension of the range of colour 
filters, including accurate control of selective light 
transmission and reproducibility of results from melt 
to melt, and (7) improvements in sorting methods with 
a view to achieving uniformity of quality standards, 
irrespective of individual differences between opera- 
tives. In addition, a large number of technical and 
production problems were tackled in the factories 
involving the development of wholly new or improved 
methods and techniques. The whole field of research 
cannot ibly be covered in a single lecture, so that 
only the subjects of “ yield” and “ conversion” will 
be dealt with on this occasion. 

Optical glass differs from all other kinds of glass in 
its standard of optical homogeneity. Physical homo- 
geneity is achieved by employing a suitable annealing 
process, and in order to achieve chemical homogeneity 
the optical glass maker resorts to a process of mechanical 
stirring. In practice, after the raw materials have been 
fused, the glass is allowed to become “ plain,” that is, 
free from bubbles, and thereafter a process of carefully- 
controlled stirring follows. Statistical investigations 
on the relationships between the various processes 
associated with the manufacture and the ultimate yield 
of good glass suggested that the method of stirring 


chemical composition throughout the melt of optical 
glass can arise in various ways, each of which assumes 
greater or lesser importance according to the type of 
mixture being melted. First there is batch segregation, 
for, although the materials are initially mixed inti- 
mately, there is some inevitable segregation in handling. 
The individual materials differ widely in specific 
gravity ; thus, in the case of a dense flint glass, both 
lead oxide and sand are present and segregation con- 
tinues during the melting process, lead oxide, for 
example, tending to separate to the bottom of the pot. 
Secondly, there is batch volatilisation, since, during 
melting, some of the batch constituents tend to vapo- 
rise ; each having its own vapour pressure, the loss from 
each melting will vary according to the proportions 
of the constituents. Thus, there will be a concen- 
tration gradient of each constituent at the surface of 
the melt and the volatilisation may be qu'te serious ; 
melts containing appreciable quantities of boric oxide 
may lose as much as 15 per cent. of that oxide. Thirdly, 
there may be contamination by the refractory con- 
tainer in which the batch materials are fused, these 
materials exerting a corrosive action on both the 
container and the stirrer. In the case of fireclay pots, 
the material dissolved from them in molten glass are 
chiefly silica and alumina, and the composition of the 
glass will suffer locally. 

Generally, after melting and “ plaining,” the molten 
glass will consist of a heterogeneous mass which tends 
to mix by the processes of diffusion and convection. 
The rate of diffusion will depend on the viscosity of 
the mixture, the viscosity being dependent, in turn, 
on temperature. But, if the rate of mixing be increased 
by raising the temperature, both the rate of volatilisa- 
tion and pot solution will also increase. It is, therefore, 
necessary to resort to a stirring process to assist mixing 
by diffusion and convection and to counteract the effects 
of those factors which tend to cause heterogeneity. 
The viscosity at the melting temperature, it may be 
noted, varies considerably from one kind of glass to 
another. It will be evident that the stirring operation 
is a complex one and it was soon recognised that a 
detailed research on this problem would be extremely 
valuable in achieving the highest yield of usable glass 
from each melting. The initial experiments were 
carried out to investigate the conditions attendant on 
the correct mixing of two liquids of different specific 
gravities, these conditions being the shape of the stirrer, 
the type of stirring os the dimensions of that path 
relative to those of the pot, and so forth. It was 
found that the most important factor was the speed 
at which the stirrer moved through the liquid. At 
the same time, there is a definite limit to the speed of 
stirring optical glass; in stirring any viscous liquid 
bubbles begin to be entrained when the speed reaches 
a certain point. The importance of the speed in stir- 
ring having been established, the next step in the 
investigation was to find the relationship between the 
maximum safe speed and the other variables such as 
viscosity, dimensions of the pot, etc. It was clearly 
impossible to carry out lengthy investigations such as 
those indicated with full-sized apparatus, so it was 
decided to build a series of scale models from which 
the necessary relationship could be obtained experi- 
mentally. It was intended to use the data obtained 
to extend the results to full-sized apparatus. 

The experiments yielded the following information. 
[t was found, for any scale of apparatus, that the pro- 
duct of the kinematic viscosity of the stirred liquid 
and the critical velocity at which bubbles were trapped, 
was a constart, the value of which was a function of the 
scale and was called the stirring constant. The next 
problem was to find out how the stirring constant 
varied with the scale, so that the results could be 
applied to the full-scale stirring of optical glass. It 
was considered that the necessary factors for translating 
the results from one scale to another could be worked 
out by the method of dimensional analysis—a method 
often used in hydrodynamical problems which cannot 
readily be solved by other analytical methods. In 
order to enable this to be done, it was necessary to 
relate the trapping of bubbles to the physical charac- 
teristics of the stirrer and it was found that there was, 
in fact, a direct relationship between the height of 
the wave set up by stirring and the trapping of bubbles. 
Investigation of the wave height at which bubble 
trapping occurred, the critical wave height, showed 
that for any one scale the critical wave height was 
constant for all values of viscosity. Further experi- 
ment and mathematical investigations established 
the relationship between the stirring constant and the 
scale of the experiment in such a way that it became 
possible to calculate the value of the product of the 
kinematic viscosity of the stirred liquid and the critical 
velocity at which the bubbles are trapped for full-scale 
stirring. It then became apparent that stirring speeds 
considerably in excess of those previously in use could 
be employed. At the same time, it was not possible 
to proceed to the upper limit of speed indicated by 
the calculations, this inconsistency being probably 
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Fig. 1. 


out using a smooth stirrer, the actual full size stirrer 
being rough. Perhaps the most important result of the 
research was the establishment of the idea of a “ stirring 
constant.”’ This constant is now used in practice and, 
in consequence, the overall yields of optical! glass have 
been greatly increased. 

Since the stirring equation needs a knowledge of the 
viscosity of glass throughout the stirring range, some 
reliable method of determining viscosity is needed. 
The method finally selected was that of maintaining 
the glass at a constant temperature in a fixed cylindrical 
crucible and rotating in the molten glass a concentric 
cylinder under a known torque. The rates of rotation 
for various applied torques are measured and from this 
experimental data the viscosity is calculated. The 
measurement of the temperature of the glass in the 
pot is difficult and a simple production technique has 
yet to be developed. The use of an immersion thermo- 
couple, as first practised, proved difficult, as the 
stirrer left insufficient space. The stirred melt is 
examined, as a routine measure, for strie by pro- 
jecting an image on a screen from a point of light, 
when they show up as shadows. This method is 
capable of detecting a difference in the refractive 
index of 0-00007. As regards homogeneity, samples 
taken from widely-separated positions in pots of diffe- 
rent kinds of glass show that the body of the glass does 
not vary more than + 0-10 x 10- in refractive index. 
The outcome of researches into basic features affecting 
homogeneity has made it possible to evolve stirring 
schedules for all types of glass which have resulted in a 
substantial raising of the “yield”’ per pot of good 
glass, in one type of glass, for example, the yield of 

glass per pot was, in 1945, practically double that 
in 1938 and the relative variation was less than half. 


(To be continued.) 
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Reactors AT PERCIVAL LANE, RuncorRN. 


90-MVA REACTORS FOR THE 
CENTRAL ELECTRICITY BOARD. 


Tue short-circuit rating of the circuit-breakers ori- 
ginally installed on the 132-kV system of the Central 
Electricity Board was 1,500 MVA. As the capacity 
of the generating plant connected to the system 
increased, however, the level of short-circuit duty 
rose. It became necessary therefore to introduce 
reactors and to modify the switching arrangements so 
as to ensure that the demands on the output circuit 
breakers should not exceed their rating by more than 
10 per cent. On one of the earliest banks of such re- 
actors, which was installed at Northfleet in 1936, the 
throughput was 50 MVA and the reactance 5 per cent. 
More recently, further system extensions and increases 
in generating plant have necessitated the employment 
of still larger reactors. An example of a modern 
installation of this kind is provided by the reactors at 
the Percival-lane, Runcorn, substation of the Central 
Electricity Board, which were manufactured by the 
English Electric Company, Limited, Stafford. These 
units have a throughput of 90 MVA and a reactance of 
18 per cent. A photograph of the complete three- 
phase bank is reproduced in Fig. 1. 

In an installation of this size, the adoption of a 
pumber of small reactors would have been preferable 
from the technica] point of view, but economic consider- 
ations and convenience in operational grouping dictated 
the policy of installing fewer units with a higher 
reactance value. A throughput of 90 MVA was, there- 
fore, selected as being the probable maximum loading 
on any associated overhead line, while the value of the 
reactance was fixed at 18 per cent. on the assumption 
that it was the maximum that could be tolerated from 
the point of view of voltage regulation. In the South 
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Lancashire area there is a considerable concentration 
of generating plant which was originally interconnected 
as shown in Fig. 2. Under these conditions the short- 
circuit duties at the different generating stations varied 
from a maximum of 2,380 MW at Warrington to a 
minimum of 1,320 MW at Crewe. By rearranging the 
connections at Clarence Dock and Warrington, how- 
ever, and by introducing a reactor at Percival-lane 
between the Chester-Birkenhead circuits on one side 
and the Warrington-Percival-lane-Crewe circuits on the 
other, as shown in Fig. 3, it was possible to reduce the 
maximum short-circuit duty of the system to 1,640 MW 
at Birkenhead and to 1,040 MW at Wigan. 

The reactors installed at Percival-lane are of a 
pattern which has been manufactured by the English 
Electric Company for some years. They are of the 
oil-immersed type and are illustrated in Fig. 4, opposite, 
which shows one of the units for Percival-lane, and in 
Fig. 5, which shows one of the coils. The conductor is 
a cable of which each strand is enamelled, the whole 
being paper covered. The coil is mounted on a bake- 
Nsed-paper cylinder, the turns being separated in the 
axial direction by sectors of fullerboard and radially 
by bakelised-paper strips, which pass through slots in 
the radial sectors. The winding is insulated from earth 
and mechanically supported by a system of insulating 
blocks and washers, combined with two bakelised-paper 
cylinders and an outer ring of pillars formed of the same 
material. 

In order to limit stray losses due to the leakage flux 
as far as possible, the amount of ferrous metal in the 
proximity of the winding must be reduced to a mini- 
mum. The winding and the insulation are therefore sup- 
ported on a frame, the members of which are held 
together by wooden pegs. A similar frame is mounted 
at the top of the winding, the members of which are 
extended to the sides of the tank. At these points a 
clamping arrangement is fixed to the tank side, so that 
the winding is secured rigidly in position and its move- 
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ment under short-circuit conditions prevented. One 
end of the winding is taken to a bushing which projects 
into the upper end, while the other is connected to a 
second external bushing. Both bushings are of the 
oil-filled condenser type and are fitted with an arcing 
horn at the top and an arcing ring at the bottom to 
give a flashover value of 400 kV. 

The reactor winding is contained in a circular oil 
tank, the radiating surface of which is increased by 
the use of tubes of elliptical cross-section. These tubes 
are bent in the direction of the longitudinal axis and 
are welded to the tank sides, a design which ensures 
robustness and efficient cooling and also gives the 
equipment a good appearance. An oil conservator 
with a Bucholz protective device is provided. The 
reactor is of the magnetic shielded type, the shields con- 
sisting of 16 packets of transformer steel laminations. 
These laminations are about 14 in. wide and are placed 
at right angles to the tank wall, being sufficiently long to 
cover the whole length of both winding and insulation. 
It is claimed that this construction gives the minimum 
loss and the best possible characteristic up to the full 
value of short-circuit current. 

As regards performance, the complete reactor was 
tested for insulation at 300 kV for one minute. The 
insulation resistance is sufficient to allow a test pressure 
of 132 kV between adjacent turns to be maintained for 
10 seconds. The loss in a reactor with full-load cur- 
rent flowing in the winding and corrected to a tem- 
perature of 75 deg. C. is 60 kW. The total weight of 
the reactor, including the oil, is 24 tons, and the overall 
dimensions are 12 ft. by 9 ft. in plan by 18 ft. high. 





HEAVY-ENGINEERING ExXPorTs.—We have received 
from Messrs. The Wellman Smith Owen Engineering 
Corporation, Limited, Victoria-street, London, S.W.1, 
an advance copy of a booklet the firm have prepared for 
distribution abroad with a view to stimulating exports. 
Numerous photographic reproductions of typical pro- 
ducts of the Corporation are given, and the captions are 
printed in English, French, Spanish and Russian, 





UNIVERSAL TOOL-ROOM MILLING 
MACHINE. 


Tue milling machine illustrated on page 348 has 
been designed for use in the tool room and is sufficiently 
versatile to justify the use of the adjective ‘‘ universal.” 
Not only can it be employed on horizontal and vertical 
milling, but it may be used also for high-speed drilling 
and reaming, for the milling of dies and punches with 
a traversing tool, and its table system enables opera- 
tions to be done at any angle with a single set-up. 
The machine, which is known as the “‘EKHJ Duplex 
No. 58” universal tool and punch miller, is made 
exclusively for Messrs. E. H. Jones (Machine Tools), 
Limited, Edgware-road, The Hyde, London, N.W.9, 
by Messrs. Sentinel Engineering Co., Ltd., Shrewsbury. 

In the general view, Fig. 1, the machine is shown 
set up for milling a tapered reamer mounted between 
an indexing headstock and a tailstock on the main 
table. In Fig. 2, it is in use for horizontal gang edge 
milling with the work heid in a vice on the table, 
while in Fig. 3, a horizontal face-milling operation is 
being carried out on work mounted on a rotary table. 
In Fig. 4, internal splines are being cut by a slotting tool 
in an externally-splined component held in a vertical 
chuck, with indexing movement. In following the 
construction of the machine, it should be noted that the 
ram or slide contains mechanism for driving different 
attachments, such, for example, as the vertical milling 
cutter seen in Fig. 1, and is not merely an overarm for 
horizontal milling as it might appear to be from 
Fig. 2. Secondly, the tables employed in different 
set-ups are bolted to a cross-slide with vertical traverse 
on a scraped face on the column of the machine, a 
construction seen most clearly in Fig. 4. Thirdly, all 
the feeds are hand-operated, but power feed is pro- 
vided in both directions to the horizontal and vertical 
table movements, while cross feed is not obtained by 
traverse of the table, but by movement of the head 
carrying the spindle; it will be evident from a com- 
parison of all four views that this head is io a different 
position in all of them. 
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The working surface of the standard table seen in 
Figs. 1, 2 and 4, is 25 in. by 8 in., and it has a longi- 
tudinal traverse of 12 in., and a vertical traverse of the 
same amount. In this connection it may be noted 
that the maximum distance between the centre of the 
main spindle and the table top when the horizontal 
slide is in its lowest position is also 12in. The spindle 
head has a horizontal traverse of 6}in., and the overarm 
on top of it has a relative movement of 10 in. The 
distance from the underside of the overarm to the 
centre of the spindle is 2} in. The spindle nose will 
carry a collet, as seen in Fig. 3, capable of accommo- 
dating tools up to 1 in. in diameter; without the 
collet it will carry milling arbors of a size appropriate 
to the largest edge mill that can be used. There are 
eight speeds in both directions of rotation for the 
horizontal spindle, with a range of from 65 r.p.m. to 
840 r.p.m., and there are three power feeds for each 
spindle speed. The machine is driven by a 2}-h.p. 
motor running at 950 r.p.m. The motor is situated at 
the back of the machine, as shown in Fig. 1. Trans- 
mission is by roller chains and gears mounted on 
splined shafts running in ball bearings. The horizontal 
spindle is mounted in phosphor-bronze bearings, axial 
thrust being taken by ball bearings. 

The standard table is carried on a bracket bolted 
to slots in the cross slide, the bracket permitting the 
table to be tilted up to 30 deg. from the horizontal 
in either direction. In Fig. 1, the table is seen slightly 
tilted to allow for the taper of the work being milled. 
The tilting is in the longitudinal direction but the 
full equipment includes another table with a working 
surface of 22} in. by 10 in., which can be tilted in the 
transverse direction up to 30 deg. from the horizontal 
in both directions, and, moreover, can be swivelled 
round its vertical axis through 90 deg., to the right or 
left. This, of course, gives a very wide angular adjust- 
ment in any plane ; there is a cross movement of 44 in. 
In addition, there is a horizontal swivel base table for 
belting to the top of the standard table, which has 
a working surface of 31 in. by 5 in. snd will swivel 
in the horizontal plane 10 deg. on each side of the 
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longitudinal centre line. The angular setting of this 
table, when used in conjunction with the tilting adjust- 
ment of the standard table, is distinctly useful; for 
example, for milling sharply-tapered work. It will 
be evident in Fig. 2 that the table vice is mounted on a 
swivelling base. It is screw-operated and will turn on 
its centre through a full circle, the base being graduated 
in 360 deg. The capacity of the vice is 5 in. by 3} in., 
and the jaws are lj in. high. The precision circular 
table seen in Fig. 3 is rotated by worm gear. The 
graduations on the base are in degrees and those on the 
worm spindle are in minutes so that a fine angular 
adjustment is provided; the base zero mark is 
adjustable. The working surface of the table is 10 in. 
in diameter. It has three slots and a removable centre 
for work which cannot be held in jaws or cramps. 
The opposing centre for this method of work mounting 
consists of a vertical column with an adjustable over- 
arm at the top, carrying the centre itself. The circular 
projection w:th two vertical dowel pins seen to the left 
of the circular table in Fig. 3, is the point of attachment 
for this centring fitting. 

The ision universal dividing head is shown in 
two di t —_ in Fig. 1 and Fig. 4. In Fig. 1 
it is seen with its axis horizontal and bolted to the 
standard table, and in Fig. 4 it is shown bolted to the 
cross slide with the axis vertical. It can be swivelled 
on its base through 360 deg. For direct dividing, a 24- 
hole plate is fitted to the spindle ; the indirect dividing 
plate is seen in the illustrations just referred to. The 
work-holding devices consist of a 4-in. three-jaw chuck, 
seen in Fig. 4, a faceplate, and a No. 2 Morse taper 
sleeve. It will take collets up to a maximum capacity of 
1 in. * The vertical-milling attachment seen in Fig. 1 is 
driven from the horizontal spindle and has eight spindle 
speeds, ranging from 105 r.p.m. to 1,300 r.p.m. The 
head swivels through 360 deg. The spindle has a hand- 

axial movement of 34, in. and can be arranged 
at the desired distance from the slide face on the 
column, up to a maximum of 27 in., by adjustment 
of the overarm. The spindle nose will take collets 
up to a maximum capacity of in. This attachment 
can be used for milling, drilling, hand-slotting, boring, 
etc. An extension to it provides the high-speed 
drilling attachment, an additional train of i 
giving eight spindle speeds up to 5,000 rpm. The 
attachment, being used at high speeds for drilling small 
holes the feed is of the sensitive type, the drill being 
traversed by a hand lever with a spring return stroke. 
A depth stop enables the movement of the spindle to be 
ated precisely. The slotting attachment seen in 
Fig. 4 is operated from the horizontal spindle. The 
stroke is adjustable between zero and 3 in., and the head 
can be swivelled 40 deg. on either side of the vertical 
centre line. As shown, the attachment can be used for 
slotting keyways and splines and for shaping irregular 
internal and external forms ; the latter when the work 
is mounted on one of the combination of tables which 
give rotary, long tudinal and transverse movements. 

A further attachment is the No. 0 Newall precision 
tool head carried in the horizontal spindle nose. The 
tool, being of the offset type, is useful for facing, reces- 
sing and counter-boring operations; the capacity is 
from zero to 1} in. throw. It has an accurately 
graduated micrometer ring which can be set at zero at 
any point when starting a cut, subsequent adjustments, 
to 0-001 in., being made by means of a knurled sleeve 
which can be manipulated while the tool and spindle are 
running. As regards the facilities for setting and mea- 
surement, it should be noted that three distinct methods 
are provided on the machine. In the first place, the 
table and the spindle head traversing screws are fitted 
with large dials having their peripheries graduated in 
divisions of 0-001 in. Secondly, the column slide, the 
spindle head slide, and the table slide al] have precision 
scales with verniers reading to 0-001 in. In the third 
place, for use when a very high degree of accuracy is 
desired, slip gauge holders and dial micrometer gauges 
are provided, the slip gauges being used for the actual 
measurements and the dial gauges for obtaining the 
zero settings. It will be understood that the machine 
may be set up in a variety of ways other than those 
shown in Figs. 1 to 4, which are given as typical only ; 
for example, a cut can be taken at a compound angle 
with an edge-milling tool when the table is tilted longi- 
tudinally and the work is held in the vice swivelled in 
relation to the table longitudinal axis. Again, using 
the smaller table tilted transversely under the vertical 
end-milling tool, with the work mounted on the rotary 
table attached to the tilting table, surfaces with a 
compound angle can be formed in dies, etc. 





PHOTOGRAPHIC METHODS IN NUCLEAR RESEARCH.— 
At a meeting of the Royal Photographic Society of Great 
Britain, to be held in the Lecture Theatre of the Science 
Museum, Exhibition-road, London, S.W.7, at 7 p.m., on 
Thursday, October 17, Dr. C. F. Powell will deliver a 
lecture entitled “‘ Photographic Methods in Nuclear 
Research.” 


BRITISH STANDARD 
SPECIFICATIONS. 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 


Coal-Tar Pitches.—For many years, coal-tar pitches 
have been used for various purposes in building. 
These pitches have often been referred to as “ fluxed 
pitches,” owing to the fact that they can be prepared 
from “ medium soft” coal-tar pitch (softening point, 
78 deg. C., approximately, by the ring and ball test) 
by fluxing with suitable heavy tar oils. The recent 
increased use of these pitches has led to the issue of a 
new specification, B.S. No. 1310, which deals with coal- 
tar pitches suitable for building purposes. This 
defines five pitches of different softening points, covering 
the range required by the building industry, namely, 
33, 40, 52, 65, and 78 (R. and B.)deg.C. The specifica- 
tion gives the limits of softening point and ‘particulars 
of certain other physical and chemical properties to 
which the pitches should conform. The publication 
also includes details of methods of test conforming to 
those drawn up by the Standardisation of Tar Products 
Committee. [Price 2s., postage included.] 


Fire-Check Flush Doors.—A further addition to the 
series of British Standard Specifications for doors has 
just been made by the issue of B.S. No. 459, Part 3. 
This provides for a flush door capable of serving as a 
fire heck for a period of 30 minutes. The quality and 
characteristics of the timber and plywood, and of the 
gypsum plasterboard for the protective infilling of the 
door, are specified, and drawings of the door and of 
the door frame and rebate are included. [Price 2s., pos- 
tage included. ] 


Domestic Gas A ppliances.—Part 1 of B.S. No. 1250, 
covering domestic gas appliances for immediate post- 
war housing, was published in December, 1945, and 
dealt with the classification, dimensions and ratings 
for existing gas appliances and with general require- 
ments in regard to performance. Part 2 of the specifi- 


gearing | cation, now published, is concerned with detailed 


requirements in regard to cookers, water heaters, 
gas fires, space heaters and refrigerators. It defines 
the minimum acceptable performances for each 
appliance and includes requirements in respect of 
design, finish, size, classification and general construc- 
tion. The methods used for the various performance 
tests referred to in the specification are detailed in 
appendices. [Price 2s., postage included. ] 





BOOKS RECEIVED. 


United States Department of Agriculture. Soil Conservation 
Service. Special Report No. 9. Silting of Stock Ponds in 
Land Utilisation Project Area SD-LU-2 Pierre, South 
Dakota. By L. C. GorrscHaLK. Office of Research, 
Soil Conservation Service, United States Department 
of Agriculture, Washington 25, D.O., U.S.A. 

Le coefficient de réchauffage et la similitude thermodyna- 

mique des turbo-machines. By Dr. P. CHAMBADAL. 

‘Chaleur et Industrie ’’ Offices, 5 rue Michel-Ange, 

Paris (16°). 

Instituto de Pesquisas Tecnolégicas. Publication No. 137. 

Resisténcia do Concreto a Tracao na Flexao. By PrRo- 

FESSOR T. VAN LANGENDONCK and GILBERTO MOLINARI. 

Offices of Revista ‘‘ Engenharia,” Sado Paulo, Brazil. 

Technical Drawing for Trade Students. A Course of 

Practical Instruction for Use in Technical Schools. 

By RayYMOND S. FoRBEs. B. T. Batsford Limited, 

15, North Audley-street, Mayfair, London, W.1. 

{Price 6s. net.] 

The British Electrical and Allied Industries Research 

Association. Technical Report No. W/T 13. Electric 

Heating of Beehives (Second Report) and the Scale 

Proper to Comparative Experiments with Stocks of 

Bees. By E. B. WEDMORE. Offices of the Association, 

15, Savoy-street, Strand, London, W.C.2. [Price 

2s. net.] 

Mitteilungen aus dem Institut fiir Hydraulik und Hydrau- 

lische Maschinen an der Eidgendssischen Technischen 

Hochschule in Zurich. No.1. Untersuchungen uber den 

Einfluss der Schaufelzahl auf die Wirkungsweise eines 

Freistrahlrades. By Dr. H. FIKRET TAYGuUN. A.G. 

Gebr. Leemann & Co., Stockerstrasse 64, Ziirich 2. 

[Price 7.20 Swiss francs.] 

Statesmen and Sea Power. Based on the Food Lectures 

Delivered in the University of Oxford in the Michaelmas 

Term, 1943. By ADMIRAL SiR HERBERT RICHMOND. 

Oxford University Press (Geoffrey Cumberlege), Amen 

House, Warwick-square, London, E.C.4. [Price 15s. 

net.] 

Stat t of A ts, with Annual Reports and Other 

Statistics, of the Wellington Harbour Board, for the 

Period Ended 30th September, 1945. The Secretary, 
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PERSONAL. 


Sm WILFRID AYRE has been appointed tho seventh 
member of the Iron and Steel Board. This is the furthe, 
appointment foreshadowed in the announcement mage 
on page 255, ante. The Board have now taken over the 
functions previously carried out by the Iron and Steg 
Control, including the administration of the Iron ang 
Steel Control Orders. Mr. J. C. CARR has relinquisheg 
the post of Iron and Steel Controller. The address of 
the Board is Bush House, South-West Wing, Strang, 
London, W.C.2. (Telephone: TEMple Bar 2401.) 


REAR-ADMIRAL (E) D. C. Forp, C.B.E., is to be 
promoted to the rank of Vice-Admiral (E) and is to 
become Engineer-in-Chief of the Fleet, in succession to 
ENGINEER VICE-ADMIRAL SIR JOHN KINGCOME, K.C.B,, 
as from January 25, 1947. 


Mr. S. E. GOopALL, M.Sc. (Eng.) (Lond.), M.1.E.E,, 
has been appointed chief engineer of Messrs. W, T, 
Henley’s Telegraph Works Company, Limited, in 
succession to Dr. P. DUNSHEATH, C.B.E., M.A., who, as 
stated on page 322, ante, retired on September 30. 


Mr. B. Gray, Mr. W. D. Pua, Assoc. Met. (Sheff.), 
and Dr. C. J. DADSWELL, B.Sc. (Eng.), M.I.Mech.E., 
who were appointed special directors of English Stee) 
Corporation, Limited, Vickers Works, Sheffield, in 
January, 1945, have now been made directors of the 
firm. 


Mr. D. OC. Gunn, M.Sc., until recently engineer, 
manager, and secretary of the Yorkshire Industria] 
Gas Centre, Limited, Leeds, has been appointed director 
of research to the Incandescent Heat Company, Limited, 
and their associated companies, Cornwall-road, Smeth- 
wick, Birmingham. 


Mr. W. M. Hatt, B.Sc. (Eng.), A.M.I.Mech.E., 
M.I.A.E., at present chief automobile engineer to the 
Glasgow Corporation Transport Department, has been 
appointed deputy general manager of the Liverpool Cor- 
poration Transport Department and is to take up his 
new duties on November 1. 


Mr. OC. HIPWELL, who was made general manager of 
Messrs. Redpath, Brown and Company, Limited, in 
May, 1945, has been appointed a director of the company, 


Mr. J. S. Dow took office as President of the Iluminat- 
ing Engineering Society, 32, Victoria-street, London, 
S.W.1, for the 1946-47 session, on October8. The retiring 
President, Mr. H. C. Weston, has succeeded to the 
position of honorary secretary of the Society, held for 
many years by Mr. Dow. 


Mr. S. Wri.iaMs, signalling assistant to the Signal 
and Telegraph Engineer, London Midland and Scottish 
Railway, Watford Headquarters, has been made Divi- 
sional Signal and Telegraph Engineer, Manchester, a8 
from October 1, in place of Mr. S. W. SPENDLOVE, who 
has retired. Mr. C. G. DERBYSHIRE has succeeded to 
the position hitherto held by Mr. Williams at Watford. 


Mr. Jostan W. JONES, M.Sc., has been appointed 
senior lecturer in materials and metallurgy at the new 
Aeronautical College, Cranfield, Buckinghamshire. 


Dr. J. H. WaTsON, M.C., A.R.S.M., B.Sc., vice-chair- 
man of the London local section of the Institute of Metals, 
has assumed the acting chairmanship of the section, in 
consequence of the death of the chairman, Mr. S. V. 
WILuiaMs, B.Sc. 

Mr. T. H. B. WuHirTine has been appointed manager 
of a newly-formed spares and service department of 
Messrs. Aveling-Barford, Limited, Grantham. He will 
be directly responsible to Mr. C. J. Ritcnie, the general 
sales manager. Mr. L. C. SuTER has been appointed 
chief inspector in charge of service and outside depots, 
and Mr. R. B. DaALEs will be responsible for the spares 
section of the new organisation. 


Mr. C. T. KINGERLEE has been appointed general 
sales manager of the Engines Branch of Morris Motors, 
Limited, in succession to the late Mr. F. H. Oae. 


Messrs. THE HOFFMANN MANUFACTURING COMPANY, 
EmiTeED, Chelmsford, Essex, are opening a branch office 
at 4, Salisbury-square, Salisbury-road, Cardiff. (Tele- 
phone: Cardiff 9318.) 





Tin STOCKS IN THE UNITED Kinepom.—According to 
a statement issued by the Ministry of Supply, the stocks 
of tin metal in the United Kingdom on August 1, 1946, 
were 9,658 tons held by the Ministry, and 3,498 tons by 
consumers. During August, tin production amounted 
to 2,289 tons, which increased the stocks under Ministry 
control to 11,947 tons. In the same month, deliveries 
by the Ministry to consumers in this country and for 
export were 2,431 and 249 tons, respectively, which 
reduced the Ministry’s stocks to 9,267 tons at August 31, 
and, with a consumption of 1,885 tons for the month, 
stocks held by consumers were calculated to be 4,044 
tons, though reported figures represent this stock as 











Wellington Harbour Board, Wellington, New Zealand. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—The bricklayers’ refusal to accept the 
findings on their wages claim, and their subsequent 
decision to leave the steelworks en masse and seek 
employment elsewhere, has had a very serious effect on 
output during the past five weeks. The action of the 
pricklayers has aroused indignation in all quarters. The 
matter is now one for the Government to deal with 
alone. Meantime, deliveries have been slowly coming 
to a standstill, as stocks and remaining outputs are quite 
inadequate to meet demands. Shipyards, engineers, 
re-rollers, and hundreds of consumers in all classes are 
facing the prospect of having to dismiss their employees 
for lack of raw materials. At Dalzell, Motherwell, the 
seat of the trouble, less than 16 per cent. of the steel 
furnaces are left in operation. 


Scottish Coal.—Recent outputs have been maintained 
at a level close to 450,000 tons weekly. House coal 
allocations have been satisfactory and no particular 
uneasiness has been felt about this branch. Coal supplies 
to electric power stations are to be augmented still 
further, it is understood, as reserve stocks are not rising 
to the extent considered necessary for the winter. Fears 
of a critical shortage of coal for industry have not been 
allayed by recent developments. It has been calculated 
that visible supplies of coal are only 75 per cent. of the 
quantity industry would require to keep production 
going steadily during the winter. 


Scottish Shipbuilding.—Shortage of steel is putting the 
yards into arrears, and working squads are seriously 
embarrassed by the impossibility of getting steel ma- 
terials. There is ample construction work in hand if 
the supply of steel could be maintained. Messrs. Yarrow 
and Company have just obtained an order from the 
Portuguese Government for the renewal of engines, etc., 
for the Portuguese destroyer fleet of five vessels. The 
value of the contract is put at 1,400,0001. 





NOTES FROM THE SOUTH-WEST. 
OARDIFF, Wednesday. 


The Welsh Coal Trade.—The shortage of supplies has 
continued to restrict business on the Welsh steam-coal 
market throughout the past week. Heavy home book- 
ings have kept the available supplies of most qualities 
busily engaged, and there seems little likelihood of this 
demand falling off for some considerable time. . Col- 
lieries have substantial orders from all the inland indus- 
trial consumers, and the railways and gas, light end 
power undertakings are regularly absorbing large 
amounts. In addition, there is a keen demand from 
general users, and domestic requirements are increas- 
ing with the approaching winter. Consequently, despite 
a good interest by buyers in many of the foreign markets, 
trade in this section was within the smallest possible 
limits. . Some good coals were released for shipment to 
the British overseas bunkering stations, and there was a 
limited business in some of the anthracite grades with 
Canada. Apart from this, however, very little business 
was passing. Anthracite duff, which has formed the 
largest proportion of overseas shipments for some time, 
is not being released, but is being taken up for making 
patent fuelin this country. The allocation of coke breeze 
for October was only small, being limited to about 5,000 
tons for Denmark and Switzerland. Without exception, 
the large descriptions were actively sold and the sized 
sorts were almost unobtainable for some time abead. 
Standing contracts kept bituminous smalls busily engaged 
and most of the other smalls were readily disposed of. 
One cargo of patent fuel has been arranged for Rio de 
Janeiro, but this is being reserved chiefly for home use. 
Inland orders also accounted for most of the foundry 
and furnace coke. 


Swansea Steel-Sheet Industry.—The weekly market 
report of the Incorporated Swansea Exchange states that, 
last week, the strong demand for tin-plates was well 
maintained but that there was a slight decline in the 
volume of business transacted at. increased prices to 
cover the advance of 801. 10s. a ton in the price of tin. 
Makers have full order books and the production is slowly 
but gradually increasing. In the export market, business 
is limited by the shortage of supplies. Steel sheets 
continue in extraordinarily strong demand, and as 
makers are very heavily committed, the Iron and Steel 
Control will review the position in regard to priority 
orders at the end of the month. Iron and steel scrap 
remains quiet as deliveries to consumers are still 
restricted. 





THE LaTE Mr. J. N. ROBERTS.—We note with regret 
the death of Mr. John N. Roberts which occurred in 
Manchester on October 5, his 50th birthday. Mr. Roberts, 
who was chief buyer of The Carborundum Company, 
Limited, Trafford Park, Manchester, 17, had been on the 
staff of the company since 1915. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The exceptional demand for iron 
and steel is severely taxing the sources of supply and 
the difficulties in the way of an increase in outputs are 
still formidable. Complaints of labour shortage are still 
heard and the fuel situation continues to occasion grave 
alarm. Makers have heavy bookings and the productive 
capacity is likely to be taxed to the utmost for a con- 
siderable time. Buyers are anxious to negotiate for 
large quantities of materials and are distributing specifi- 
cations freely for deliveries under running contracts, but 
producers, with greatly congested order books, are not 
disposed to add to their commitments. The heavy and 
increasing home requirements have necessitated a further 
curtailment in the tonnage allocations for shipment 
overseas. The output of local ironstone falls short of the 
demand, but substantial cargoes of foreign iron ore are 
coming to hand. Pig-iron supplies barely cover current 
needs and an inconvenient shortage of semi-finished 
steel is retarding the production of much-needed com- 
modities. Large quantities of iron and steel scrap are 
being consumed in the foundries and steel furnaces of 
the North East Coast. 

Foundry and Basic Iron.—The make of Cleveland 
high-phosphorus pig iron is almost negligible and the 
slightly better deliveries of Midland brands to founders 
in the Tees-side zone are not sufficient to cover the 
requirements of the makers of light castings. Basic-iron 
production is sufficient for the needs of the makers’ own 
consuming departments, but provides no surplus for 
other users. 

Hematite, Low-Phosphorus and Refined Iron.—The 
deliveries of East Coast hematite are sufficient for the 
increasing requirements of home users, but efforts to 
secure export permits are still unsuccessful. The outputs 
of low- and medium-phosphorus grades of iron are being 
used promptly in the local consuming plants and diffi- 
culty in meeting the increasing demand is anticipated. 
Makers of refined iron are able to deal efficiently with 
their customers’ requirements. 


Manufactured Iron and Steel.—Although the demand 
for semi-finished and finished iron is much below that 
for the various classes of steel, the works are steadily 
employed. Semi-finished steel is needed in much larger 
quantities than are obtainable. No increase in home 
production can be reported and imports from the United 
States fall considerably below expectations. Prime bil- 
lets, in particular, are in short supply and their scarcity 
is reducing the outputs of small bars, light sections and 
strip. The demand for all classes of finished steel is 
intense. Sheet-makers are overwhelmed with orders 
that will keep them fully occupied well into the second 
quarter of next year and plate producers cannot under- 
take new business for supply earlier than April next, 
Rail mills and plants turning out chairs, points, crossings 
and other railway requisites have heavy contracts to 
execute and large quantities of pit props, arches and 
roofings are reaching the collieries. 

Scrap.—The better grades of iron and steel scrap are 
in steady demand, but the supply is ample. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—Local brands of pig-iron are being 
produced to the full extent of the material available ; 
there are occasional shortages of blast-furnace coke due 
to inadequate supplies of coking coal, Finished iron is 
in active request, and production is maintained as far as 
the labour available will permit. There is no cessation 
in the production of basic steels, the improved types of 
which are in strong request. Special alloy steels find 
ready outlets, both on home and export account, the 
demand being exceptionally strong for the improved 
types of heat-resisting and stainless steels. High-speed 
tools are in active request, and there are heavy orders 
for motor-car steels. A boom state continues in all tool 
factories, demand being much in excess of production 
facilities. Agricultural tools are in particularly strong 
and urgent request, and heavy bookings of agricultural 
machine parts and spares continue. There are still 
delays in the deliveries of high-carbon steel sheets and 
bars owing to the fact that there is insufficient labour in 
the light rolling mllis. 

South Yorkshire Coal Trade.—Some small improve- 
ment in coal output has taken place in response to special 
appeals, but there is no prospect at present of bridging 
the gap between supply and demand. Railway loco- 
motive hards are in strong demand in preparation for 
the extended train services ; alternative coals have to be 
taken by all users. More outcrop coal is coming forward 














owing to the improvement in the weather. Electric 
power stations are slowly increasing their reserves to the 
safety level. More gas coal is needed, as well as more 


NOTICES OF MEETINGS. 

Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF BRITISH FOUNDRYMEN.—Scottish Branch: 
Saturday, October 12, 3 p.m., Royal Technical College, 
Glasgow. Presidential Address hy Mr. T. Shanks. 
“Foundry Technique and the Production of High Duty 
Castings,” by Mr. T. H. Sneddon. Yorkshire Branch: 
Saturday, October 12, 5 p.m., 1, Mannville-terrace, 
Bradford. Presidential Address by Mr. D. W. Ham- 
mond. “ Parablast Cupola,” by Mr. H. Taft. Burnley 
Section: Saturday, October 12, 6.80 p.m., Technical 
School, Accrington. Film: “ High Quality Steel.” 

INSTITUTION OF ELECTRICAL ENGINEERS.—WNorth- 
Eastern Centre: Monday, October 14, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. Chairman’s Address by 
Mr. T. M. Ayres. North-Western Installations Group: 
Tuesday, October 15, 6 p.m., Engineers’ Club, Manches- 
ter. ‘‘ Control of Electrical Installation,” by Mr. W. R. 
Watson. Transmission Section: Wednesday, October 
16, 5.30 p.m., Victoria-embankment, W.C.2. Chairman’s 
Address by Mr. J. Andrew Lee. Installations Section : 
Thursday, October 17, 5.30. p.m., Victoria-embankment, 
W.C.2. Chairman’s Address by Mr. J. F. Shipley. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, October 14, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. Presidential Addrves, “ Light 
and Colour,” by Mr. L. H. A. Oarr. Sheffield Section: 
Wednesday, October 16, 7 p.m., University, Leeds. 
** Steel and the Engineer,” by Mr. A. Roebuck. Friday, 
October 18, 7 p.m., 198, West-street, Sheffield. “‘ Schnei- 
der Air Contests,” by Mr. E. Scott. Institution: Friday, 
October 18, 6.30 p.m., 39, Victoria-street, 8.W.1. 
“ Atmospheric Railways,” by Mr. L. P. Walter. 

INSTITUTION OF HEATING AND VENTILATING ENGIN - 
EERS.— Manchester Branch : Monday, October 14, 7 p.m., 
Milton Hall, Deansgate, Manchester. “ District Heat- 
ing,” by Mr. L. C. Grant. Birmingham Branch: Thurs- 
day, October 17, 6.30 p.m., Imperial Hotel, Birmingham. 
“ American Heating Practice,” by Mr. T. N. Adlam. 

INSTITUTION OF RUBBER INDUSTRY.—Tuesday, Octo- 
ber 15, 6.30 p.m., Waldorf Hotel, Aldwych, W.C.2. 
“ Evaluation of Synthetics in Rubber to Fabric Adhe- 
sion,” by Mr. R. C. W. Moakes. 

INSTITUTE OF FUEL.—Wednesday, October 16, 2.30 
p.m., Engineers’ Club, Manchester. Chairman’s Address 
by Mr. C. T. S. Arnett. 7 
INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, October 16, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. Presidential Address 
by Mr. F. Seymour Whalley. : : 
INSTITUTE OF WELDING.—West of Scotland Branch : 
Wednesday, October 16, 6.45 p.m., 39, Elmbank-crescent, 
Glasgow. “ Faults in Welding,” by Mr. J. A. Dorrat. 
North London Branch: Wed day, October 16, 7.30 
p.m., Technical College, Acton, W.3. “‘ Development of 
the Modern Electrode,” by Dr. J. H. Paterson. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
October 17, 2.30 p.m., Caxton Hall, Victoria-street, 
8.W.1. “ Filtration,” by Mr. C. G. Vokes. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Thursday, 
October 17, University, Western-bank, Sheffield. Meeting 
with the Royat InstrrvcTe OF CHEMISTRY and the 
CHEMICAL SocreTy. 2.30 p.m., “ Principles of Polaro- 
graphy,” and, at 6 p.m., ‘“‘ Applications of Polarographic 
Analysis,” by Professor J. Heyrovsky. 

INSTITUTION OF MINING AND METALLURGY.—Thursday, 
October 17, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Anglo-American Magnesium 
Production,” by Major P. L. Teed. ‘“‘ High Tempera- 
tures and the Efficiency of Workers in Deep Mines,” by 
Dr. A. Caplan and Mr. J. K. Lindsay. 

INSTITUTION OF MECHANICAL ENGINEERS.—Yorkshire 
Branch: Thusday, October 17, 7 p.m., Royal Victoria 
Station Hotel, Sheffield. “‘ Ventilation of Factories,” 
by Mr. R. Poole. Institution: Friday, October 18, 
5.30 p.m., Storey’s-gate, S.W.1. Presidential Address 
by Mr. O. V. S. Bulleid. Southern Graduates’ Section : 
Friday, October 18, 6.45 p.m., Royal Pavilion, Brighton. 
“* Performance and Control of Locomotives,” by Mr. J. L. 
Wilson. 

INSTITUTION OF PRODUCTION ENGINEERS.—Glasgow 
Section : Thursday, October 17, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘“ Management Methods,” by Mr. 
L. Clayton. Western Section: Friday, October 18, 
6.45 p.m., Grand Hotel, Bristol. ‘‘ Heavy German 
Industries,” by Dr. H. P. Budgen. Eastern Counties 
Section: Friday, October 18, 7.15 p.m., Electric House, 
Ipswieh. ‘‘ Surface Finish,’ by Dr. D. F. Galloway. 
NorTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, October 18, 6 p.m., Literary and 
Philosophical Society’s Rooms, Newcastle-upon-Tyne. 








coke-oven gas. 





Presidential Address by Mr. H. B. Robin Rowell. 





UNIVERSAL TOOL-ROOM MILLING MACHINE. 


MESSRS. SENTINEL ENGINEERING COMPANY, LIMITED, SHREWSBURY. 
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VerticaL Enp-Mitiine SET-UP. 





Fig. 3. Hormwonrat Enp MiLine with ROoTATABLE TABLE. 


OVERHEAD TRANSMISSION LiINES.—A pamphlet issued 
by the British Aluminium Company, Limited, Salisbury 
House, London Wall, London, E.C.2, deals in detail with 
the steel-cased aluminium conductors which, on account 


(For Description, see page 345.) 














Fic. 4. Form SiLorrine with RoTATABLE CHUCK. 


of their lightness, high electrical conductivity, freedom | to joints, clamps and connectors of various types, as well 
from corrosion and great strength, are now employed | as to anchors, tappings and terminals, and dampers. 
extensively for transmitting electricity at high and low} Full data of both steel-cored and stranded aluminium 
voltages. Different sections of the pamphlet are devoted | conductors are given. 
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We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection existe between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisemente will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

i of “Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves Sy le 
for advertisers’ blocks left in their possession for more 
than two years. 





CONTENTS. 


Scanning Equipment for Ground Radar (Jlus.) 

Literature.—Electric Discharge Lamps. A Guide 
to Drawing Office Tracing. Curve Realignment 
on the East Indian Railway. The Pneumatic 


PAGE 
337 


Conveying and Elevating of Grain: Critical 

Résumé 339 
Ship Salvage 340 
High-Clearance Crop-Spraying Vehicle (Illus.).... 341 
Sub-Surface Works and the London Traffic Plan... 342 


Optical Glass in War . 

ae Reactors for the Central Electricity Board 
(Illus.) ..... 

Universal Tool-Room Milling Machine (Jllus.) 

British Standard Specifications 

Books Received . 

Personal ..... 

Notes from the North 

Notes from the South-West cn 

Notes from Cleveland and the Northern Counties 

Notes from South Yorkshire io 

Notices of Meetings 

Meteorological Aspects of Space Heating 


Progress in Electrification 350 


Notes 351 
Letters to the Editor.—Tyre-Pressure Control] Gear 
(IUus.) The Information Office. The Railway 
Gauge Act, 1846. The Proposed London Rail- 
way Plan 352 
Obituary.—Mr. F. G. Izod, M.B.E. Mr. A. E. L. 
Chorlton, C.B.E. (with portrait), Mr. John 
Thomson, M.B.E. 354 
Nava] Architects at Glasgow 355 
Labour Notes 356 
Welding in Great Britain 356 
Research on Welding in the United States 357 
Mechanical Principles of the Screw Extrusion 
Machine (Jllus.) heats ; 358 
‘“* ENGINEERING ” Patent Record (Jllus.) . 360 








ENGINEERING 


FRIDAY, OCTOBER 11, 1946. 





Vou. 162. No. 4213. 








METEOROLOGICAL ASPECTS 
OF SPACE HEATING. 


THE present state of coal production in Britain 
has been the subject of so many official pronounce- 
ments, and of such frequent comment in these 
columns and elsewhere regarding the various tech- 
nical problems implied, that no engineer can have 
remained unaware of its possible consequences to 
the country’s industrial recovery and future pros- 
perity. Nevertheless, the recent announcement 
that 1,200 steam locomotives of the four main-line 
railway groups are to be converted immediately to 
burn oil fuel instead of coal marks such @ drastic 
departure from traditional policy as to emphasise, 
with almost the force of a shock, that the fuel 
situation is urgent as well as potentially serious. 
Conversion from coal to oil is not likely to stop at 
locomotives. The Government recommendations 
already include many industrial types of stationary 
boiler plant ; and, once suitable burner equipment 
becomes available and the retail distribution of fuel 
oil is organised, there is no doubt not only that many 
existing domestic-heating installations will also be 
converted but that an increasingly important pro- 
portion of the space-heating boilers for dwellings, 
public buildings and factories will be designed to 
take advantage of the facilities for automatic control 
afforded by liquid fuel. 

While this trend is undoubtedly important, as 
affecting both the production and the utilisation of 
fuel, the engineer’s primary concern is with the 
latter part of the general problem. The campaign 
to revitalise the coal industry, organised jointly by 
the National Coal Board, the National Union of 
Mineworkers, and the National Association of Col- 
liery Managers, has his complete approval, but his 
opportunities for contributing positively to minimise 
the gravest consequences of a fuel shortage lie most 
obviously in the direction of getting the utmost 
possible value out of such fuel as is available. In 
this respect, the space heating of buildings has re- 








ceived less attention hitherto than the utilisation of 
fuel for steam-raising, and the scope for increased 
thermal efficiency is beyond dispute. At the same 
time, the amount of fuel used for space heating com- 
prises a large proportion of the total consumption in 
this country, so that anything approaching a wide- 
spread improvement in the effectiveness of heating 
apparatus and of the methods of using it may exert a 
favourable influence on the national fuel problem. 

The subject must be in the minds of many who 
took part in the Conference organised by the Minis- 
try of Fuel and Power this week under the general 
title of ‘‘ Fuel and the Future.” The title is one to 
provoke serious thought about the trends of fuel 
utilisation for every purpose that can be foreseen, 
and to encourage intelligent speculation regarding 
the developments of fuel-consuming equipment 
throughout the whole industry. Along with other 
processes demanding the conversion of the latent 
energy of fuel into heat, the future of space heating 
offers ample scope for bold and constructive thinking 
and planning in such directions as district heating, 
thermal storage and the heat pump. 

In one respect, however, the future of space heat- 
ing presents peculiar difficulties, associated with the 
uncontrollable fluctuations of‘atmospheric tempera- 
ture. The function of a space-heating installation is 
to maintain the interior of a room or building at a 
constant specified temperature, higher than that of 
the external ambient. The optimum internal tem- 
perature depends upon the humidity of the air and 
the nature of the activity pursued by the occupants, 
and is itself a complex problem to which much 
attention has been given in connection with air- 
conditioning ; but at least it is under human con- 
trol. It may be regarded as ranging from about 
80 deg. F. in the case of a surgical operating theatre 
down to 40 deg. F. for anti-freezing conditions in a 
motor-vehicle garage, with an average of about 
60 deg. F. for an office building in a British town, 
the last value being based on 65 deg. F. inside the 
constantly occupied rooms and 55 deg. F. in the 
corridors and cloak rooms. These figures give a 
general idea of the range of performance demanded 
from different types of heating installation. If, for 
example, the basic external temperature be taken as 
30 deg. F., the differential between interior and 
exterior temperatures covers the five-fold range from 
50 deg. F. to 10 deg. F. 

The relatively large effect on the differential of a 
small change in the external temperature emphasises 
the importance to the space-heating engineer of 
being able to foresee as fully as possible the metero- 
logical conditions with which he may have to 
contend. If his apparatus is to function perfectly, 
it has to maintain a specified internal temperature 
for a part of the day during certain days of the week 
throughout a period of the year, in which the external 
temperature is less than the specified internal 
temperature at any moment during the “ working 
hours ” of the apparatus. Meanwhile, the external 
temperature undergoes a cyclic diurnal fluctuation 
superimposed on a general seasonal change, neither 
of which is regular nor controllable nor capable of 
being foreseen at any particular time, within wide 
limits of error. On the other hand, unless the 
performance of the space-heating machine deals 
adequately with external conditions, it becomes 
inefficient, either because it is grossly over-loaded 
in cold weather or underloaded when temperatures 
are higher than the anticipated averages. In this 
connection, an interesting point of difference may 
be noted between hot-water heating systems and 
direct. heating by steam, gas or electric radiators. 
The former, by the provision of marginal power in 
the central boiler, can be run during exceptionally 
cold weather at higher than the designed working 
temperature, and so long as the boiler can maintain 
the high radiator temperature, the greater emission 
of heat to cold rooms serves as an insurance against 
contingencies. In the latter type, on the other 
hand, no such flexibility in the potential of the 
heating agent is possible, and a cold emergency can 
be met only by the installation of a proportion of 
radiating surface which is normally unwanted. 

These obstacles to the precise design of space- 
heating equipment would be markedly reduced were 
it possible to forecast with confidence the limits 
and other characteristics of winter temperatures 
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likely to be encountered in the future. The 
obvious approach to this problem is through study 
of past temperature records, two surveys of which 
covering respectively the October-May heating 
season back to 1881, and the three winter months 
(December, January and February) back to 1783, 
appeared about four years ago in the Journal of 
the Royal Meteorological Society. These data 
reveal that, in some districts of Britain, the average 
temperature out of doors is below 55 deg. F. from 
September to the end of May, indicating that the 
maintenance of thermal comfort in ordinary build- 
ings demands a heating season extending over 
243 days. This particular requirement explains the 
eight-months’ seasonal range of a recent survey of 
the space-heating aspect of meteorological history 
throughout the past 160 years which has been 
made by Mr. Ronald Grierson, the heating engineer 
of the Northmet Power Pompany, and is published 
in War Emergency Isue No. 11 of the Proceedings of 
the Institution of Mechanical Engineers. Mr. 
Grierson’s main purpose has been to interpret the 
official temperature records from Kew and Green- 
wich in such a way as to present factual information 
from which designers of space-heating equipment 
can draw reliable conclusions regarding conditions 
that may occur in the future. 

To be as widely useful as possible, some sort of 
correlation between conditions recorded on the 
outskirts of London and those actually obtaining 
at the same time elsewhere is essential, since the 
differences may be considerable as well as of regular 
occurrence. Accordingly, Mr. Grierson has taken 
account, on the one hand, of normally observed 
disparities between “grass” and “ Stevenson 
screen ” records, and of the effects of altitude above 
sea level, termed the “lapse rate”; and, on the 
other hand, of temperature distribution over the 
British Isles for extremely cold as well as for average 
winter conditions. To deal with variations in the 
purpose, and hence in the type, of space-heating 
equipment, as distinct from those due to locality, 
Mr. Grierson introduces the concept of the degree- 
day—the product of time and temperature difference 
—which is a useful unit for expressing and comparing 
demand and performance, since it takes account of 
the duration as well as the severity of cold weather, 
both of which influence the loads on public-utility 
undertakings. Similarly, of course, the maximum 
demands on supplies of fuel and power are important 
from the standpoints of storage, installed power 
plant, and supply tariffs; and, since this aspect 
is mainly dependent on the difference between the 
desired internal temperature and the actual external 
temperature, the study of recorded spells of extreme 
cold is pertinent. The exceptional weather in 
January and February of 1940, for example, was 
generally as cold as had been experienced anywhere 
in this country for 50 years. Mr. Grierson’s survey of 
all the notable frosts of the past 80 years leads him 
to conclude that future space-heating projects 
must be designed to contend against a trend towards 
colder winters for some time to come. 

The attitude of the power-supply engineer to a 
long-term weather forecast of this sort depends a 
good deal on his prospects of being able to obtain 
adequate raw fuel and machinery to transform 
it into heat-producing energy. So long, however, 
as those requisites are fulfilled, he can envisage 
with equanimity the sort of weather which his 
consumer clients will find costly or comfortless. 
In view of the increasing costs of raw fuel and 
other forms of heat energy, relative to those of 
other commodities, a strong case can be made for 
aiming predominantly at increased efficiency of 
space heating throughout an average winter, even 
at some cost in tempo inconvenience during 
abnormal cold. Some of the worst effects of extreme 
conditions could be avoided, for instance, by closer 
attention to methods and materials of building 
construction designed to reduce losses due to thermal 
transmission. This very practical factor, which 
Mr. Grierson’s study of meteorological history has 
led him to emphasise in connection with space 
heating, gains especial importance from the vast 
amount of building now being planned, and exem- 
plifies a number of points on which heating and air- 
conditioning engineers will find Mr. Grierson’s work 
stimulating as well as instructive. 





PROGRESS IN 
ELECTRIFICATION. 


In his presidential address to the Institution of 
Electrical Engineers in 1910, the late Dr. Ferranti 
put forward proposals for the complete utilisation, 
in the form of electricity, of the energy of all the coal 
available for home consumption. At that time, 
less than 1 per cent. of the coal burnt in this 
country was used in the generation of electricity 
by public authorities and the domestic load, by 
present standards, was of meagre proportions. Dr. 
Ferranti not only envisaged the country-wide 
installation of the “ all-electric” house, but spoke 
of a general use of electric heating for metallurgical 
and chemical processes, and the widespread electri- 
fication of railways. Energy for these various 
services was to be provided by 100 power stations, 
situated in positions favourable from the points 
of view of coal and water supplies. They would 
run at a load factor of 60 per cent. and would contain 
25 million kW of plant. In view of the unique 
position held by Dr. Ferranti, and the pioneering 
ability which he had displayed, these proposals 
were received with interest and respect, but it was 
generally considered that they were in advance of 
either probability or possibility. 

As the present year marks the first occasion on 
which a distinguished father has been followed by 
a distinguished son in the presidential chair of the 
Institution of Electrical Engineers, it was appro- 
priate that Mr. V. Z. de Ferranti, in his presidential 
address, delivered on October 3, should take as 
his main theme a consideration of the extent to 
which his father’s far-reaching projects have taken 
practical shape in the 36 years which have elapsed 
since they were promulgated. Since Dr. Ferranti 
spoke, the tide of war has twice passed over this 
country and some of the matters to which he referred, 
such as coal conservation and greatly increased home 
production of food, have passed from the stage of 
academic interest to one of pressing practical 
importance. The better utilisation of labour by 
increased mechanisation, in which the electric drive 
would play an important part, was also referred to. 
This aspect of the matter has also assumed an 
urgency which even the prevision of Dr. Ferranti 
could hardly have foreseen. 

Although a condition in which “ all coal available 
for home consumption ” will be utilised in the form 
of electricity is never likely to be reached, great 
progress has been made in most of the applications 
with which Dr. Ferranti dealt, and in some of them 
his target figures will probably be attained ulti- 
mately. The postulated 100 generating stations 
were to contain 25 million kW of plant. Mr. V. Z. 
de Ferranti gave the total installed capacity in 
1944 as 11,974,000 kW, and the aggregate value of 
the individual maximum loads as 10,435,000 kW. 
This represented a spare capacity of 12 per cent., 
“which we all know from first-hand experience is 
insufficient.” The curve of progress has shown a 
fairly steady rise, with a check about the year 
1930; this was not due to falling demand, but to 
the interconnection provided by the grid, one of 
the main purposes of which was to reduce the over- 
all figure for spare plant. Assuming no important 
change in the inclination of the rising curve, the 
target figure of 25 million kW of plant would be 
reached by about 1962. 

Coal saving was a basic consideration in the 
arguments put forward by Dr. Ferranti. He took 
the total consumption of the country, at the time 
he spoke, as 150 million tons and contended that 
the efficiency of utilisation was so low that an equal 
output of useful energy could be obtained from 
60 million tons of coal if it were utilised for the 
generation of electricity. This promised a saving 
of 90 million tons a year, which should have inter- 
ested Mr. Shinwell, had he been present at the 
meeting. The saving was based on an efficiency of 
conversion of 25 per cent., and although that figure 
has not yet been reached as an average for the 
country, Mr. V. Z. de Ferranti pointed out that his 
father’s target had already been passed in individual 
cases, efficiencies of conversion of the order of 30 per 
cent. having been attained. This is a matter in 
which continuous improvement of the average may 
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be expected, the rate of progress in the immediate 
future depending on the labour situation and the 
supply of materials rather than on technical possi. 
bilities. The average quantity of coal used per 
kilowatt-hour generated fell from 3-11 lb. in 1922 
to 1-377 Ib. in 1938. This represented a saving of 
16 million tons a year against an amount of 15 mil. 
lion tons used, a rate of saving approaching, 
although not equal to, one of 90 million tons for 
60 million tons burnt. This saving, however, was 
due to technical improvements in the conversion 
of coal to electricity, whereas the 90 million tons 
saving was largely to be attained by the abandon. 
ment of inefficient methods of coal utilisation. 

As already mentioned, Dr. Ferranti’s calculations 
were based on a total of 150 million tons of coal 
per year for home consumption. Actual figures 
for later years were 205 million tons in 1916; 
98 million tons in 1926, the year of the general 
strike ; 154 million tons at the time of the slump in 
1933; and 187 million tons in 1944. Coal used 
for the generation of electricity was 5 million tons 
in 1913 and has now risen to 28 millions. If the 
rising curve continues at its present inclination, a 
consumption of 60 million tons a year will be 
reached in 1967. The present consumption for 
electrical generation represents, however, only about 
12 per cent. of the coal available ; the remainder is 
used for other purposes. Presumably, when Dr. 
Ferranti spoke of the complete utilisation of the 
energy of all coal available in the form of electricity, 
he implied that the 90 million tons to be saved, for 
which he budgeted, would not be mined. In a 
restricted sense that effect has occurred. If the 
great developments in the electric-supply industry 
had not taken place, the present industrial and 
domestic load of the country could have been car- 
tied only by coal which is still in the mines. 

Mr. V. Z. de Ferranti said, ‘‘ slowly but surely 
electricity is becoming a universal means of appli- 
cation.” There is no question about the fact that 
present-day industrial outputs would not have 
been attained without the development of the 
electric drive and that the installed horse-power 
per employee will increase still further. It is also 
probable that considerable additional railway elec- 
trification will take place (from the point of view of 
coal saving, if for no other reason). The domestic 
load will continue to grow, and the development 
and extension of electro-chemical processes is not 
likely to be checked. These developments will tax 
the capacity of the electric-supply industry for 
many years to come, and from its own point of view 
it is doubtful whether heavy demands from new 
fields would be welcome. The address mentioned 
the ‘“‘ manufacture of pig-iron with electric smelt- 
ing furnaces.” This operation is not unknown, in 
countries rich in water power but with little coal, 
but it appears inherently improbable of application 
on any important scale in Great Britain. 

Mr. Ferranti was concerned with long views, and 
what may happen in detail application in 50 years 
no one can say, but looking forward only 20 years, 
the questions of capital expenditure, and labour and 
material available, are likely to have great effect on 
the rate of electrical progress. He particularly 
referred to the domestic load and suggested a figure 
of 270,000 million kWh for domestic use alone. In 
this connection, he criticised the statement in a 
report of the Fuel and Power Advisory Council 
to the effect that in another 20 years gas and 
electricity together may have captured 30 per cent. 
of the market for useful heat in houses, winter space- 
and water-heating loads being taken by solid fuel. 
Mr. Ferranti quoted Sir Oliver Lodge on the “ uncivi- 
lised method of heaping a pile of crude 
coal together and setting it alight.” The validity 
of this pronouncement appears to depend on what 
definition of the term “‘ civilisation’ one cares to 
adopt, but it may be pointed out that the Fuel and 
Power Advisory Council were concerned with coke, 
not with “‘ crude coal.” It may be that the elec- 
tricity-supply industry will ultimately eliminate the 
town-gas industry, but evidence in favour of such 
a development is not at present striking, and it 
would appear that electrical manufacturers and 
supply authorities will find they have plenty to do 
in the next 20 years, even if their competitors are 
allowed to survive. 
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NOTES. 


A Ministry or DEFENceE. 


In a White Paper (Cmd. 6923) issued shortly before 
Parliament reassembled on October 9, the Govern- 
ment have outlined proposals for the formation 
of a single Ministry of Defence, to supersede the 
present system. It is understood that the legis- 
lation to implement the proposals will be placed 
before Parliament in the very near future. Under 
the new organisation, it is the intention that the 
Prime Minister should retain the supreme respon- 
sibility for defence and the chairmanship of the 
Defence Committee, which would take over the 
functions of the former Committee of Imperial 
Defence. The new Minister would be deputy 
chairman of the Defence Committee, and would 
preside also over the Chiefs of Staff Committee, 
which would remain responsible for military plan- 
ning. The Joint Staff system would be retained, 
under their direction, and the Service Ministers, 
while no longer possessing Cabinet rank, would 
continue to be responsible to Parliament for the 
administration of their respective Services. A point 
of wider technical interest than most of those 
expounded in the White Paper concerns the organi- 
sation proposed for the formulation of policy for 
research and development. ‘The problem here” 
(to quote the official statement) “‘is to secure the 
continued and complete integration of military and 
scientific thought at all levels and to see that, in 
planning Defence Research as a whole, account is 
taken of the scientific effort of the country in other 
fields.” To this end, it is proposed to set up a 
Committee on Defence Research Policy, consisting 
of those responsible, “‘ both from the operational 
and scientific angle, for research and development 
in the Service Departments and the Ministry of 
Supply.” This committee will advise the Chiefs 
of Staff on operational questions, and the Defence 
Committee on what are described as ‘ wider 
aspects,” and will have as chairman “a scientist 
of high standing, appointed for the purpose for a 
period of years.” It is added that he will exercise 
his functions under the authority of the Minister 
of Defence, on whom will rest the responsibility 
for forming general policy to govern research and 
development. It is evident that this paragraph, as 
it stands, covers practically everything from the 
production of plastic buttons for battledress to 
that of atom bombs ; but we feel somewhat uneasy 
whenever a Government pronouncement refers to 
‘a scientist,” however high his standing, because 
it is hard to tell whether this description is to be 
taken literally or whether this is merely another 
specimen of “newspaper English.” Either way, 
it invites question: if literally correct, because it 
may be another instance of the apparent official 
belief that no scientific knowledge worthy of the 
name can exist outside of the ranks of the Royal 
Society ; or, if used in the loose manner of the 
popular Press (to denote almost any possessor of 
technical or scientific knowledge not shared by the 
commonalty), because it may mean that engineering 
skill is really required, but officialdom is loth to 
give engineers the credit for supplying it.  For- 
tunately, there are some few men who, by any 
standard, are accepted as highly qualified in both 
science and engineering. The Defence Services 
discovered and used several such, during the war, 
with rare acumen and much success; it is to be 
hoped that they may achieve an equally happy 
selection for this post-war appointment, bearing 
in mind that, for many of the needs of modern 
mechanical warfare, an engineer of a scientific turn 
of mind may be even more useful than a scientist 
with a smattering of engineering. 


CONFERENCE ON FUEL. 


The inaugural meeting of the Conference on “‘ Fuel 
and the Future,” organised by the Fuel Efficiency 
Committee of the Ministry of Fuel and Power, 
took place on the morning of Tuesday, October 8, 
in the Central Hall, Westminster, S.W.1. Dr. 
E. S. Grumell, C.B.E., Chairman of the Fuel Effi- 
ciency Committee, presided, and outlined the 





general purpose of the Conference, after which he 
called upon the Rt. Hon. E. Shinwell, M.P., Minister 
of Fuel and Power, to address the meeting. After 
welcoming the delegates, Mr. Shinwell dwelt on the 
necessity for close co-operation between politicians 
and technicians in the matter of economy in fuel. 
We were now in a period of improvisation which 
was likely to endure for at least seven years. 
The manpower in the coal industry was declining, 
and this decline must continue if emergency 
measures to repair the wastage and secure re- 
cruitment from new sources could not be assured. 
Mechanisation in mining affected only about 1 per 
cent. of the annual output, and some years must 
pass before intensive mechanisation could play any 

e. part in increasing production. The crucial 
problem at the moment was how to make the most 
efficient use of the available underground manpower. 
Meanwhile, in order to assist in bridging the gap, 
substantial quantities of heavy fuel oil were being 
brought into the country. There were, however, 
some difficulties, such as the limitations of ship- 
ping space and the availability of oil-burning 
equipment. Making every allowance for possible 
increases in fuel production, and after arranging 
to reduce our Cistributed stocks to the lowest limit, 
we ran a very grave danger of breakdown. There 
was an additional danger arising from lack of 
plant in the public-utility services; neither the 
gas nor the electricity industry had had sufficient 
opportunity to overtake their wartime arrears of 
maintenance, yet the normal electrical load was 
expected to be 8 per cent. greater this winter than 
last, while the peak demand, at present, was 15 to 
20 per cent. higher. Consumption must be reduced 
or we should be faced with a breakdown in supplies 
in the coming winter. He asked for a voluntary 
reduction in consumption of at least 10 per cent., 
this saving to apply to all consumers of coal, gas and 
electricity. He was not proposing to reduce the 
allocations of coal to domestic consumers; their 
savings must be in the form of gas and electricity. 
Mr. Shinwell then dealt, at some length, with coal 
output and consumption and with the work of the 
Committee, of which Dr. Grumell was chairman, in 
improving the standard of fuel efficiency which, 
however, was still too low. He stated that 2,490 
licences were granted by the Government during the 
war for the purchase of fuel-saving plant and appli- 
ances, on the estimate that the resultant economies 
would save the capital cost of installation in 24 
years ; nearly 750,000 tons of coal had been saved 
in this way. 


CONFERENCE OF COMMONWEALTH ENGINEERING 
INSTITUTIONS. 


During the fortnight, September 14 to 28, a con- 
ference of representatives of engineering institutions, 
said to be the first of its kind, was held in London 
“to discuss matters of mutual interest.” At the 
close of the conference, the following statement was 
issued jointly by the Institutions of Civil, Mechanical 
and Electrical Engineers; it has been abridged 
slightly, by the omission of the introductory para- 
graphs. ‘The major part played by engineering 
in the recent war has led to many interchanges and 
contacts between the engineers of the home country 
and the Commonwealth and this circumstance has 
greatly fostered a project which had been under 
consideration for some time : that of calling together 
in London an informal round-table Conference where 
representatives of the three home Engineering Insti- 
tutions and of their sister Institutions in the Com- 
monwealth overseas could meet to discuss matters 
of common concern and seek to improve still further 
the services which the engineering profession is able 
to render to the public. Accordingly, invitations in 
the name of the three home Engineering Institutions 
were despatched to their sister Institutions in the 
Commonwealth as follows: the Institution of 
Engineers, Australia ; the Engineering Institute of 
Canada; the Institution of Engineers, India; the 
New Zealand Institution of Engineers; the South 
African Society of Civil Engineers; the South 
African Institution of Engineers; and the South 
African Institute of Electrical Engineers. Detailed 
discussions took place at a number of plenary meet- 
ings of the Conference, held in rotation at the 
Institution of Civil Engineers, the Institution of 





Mechanica] Engineers and the Institution of Elec- 
trical Engineers; and the delegates have also 
visited major engineering projects in London and 
elsewhere and places of historical and other interest 
to the visitors from overseas. The work of the Con- 
ference has shown a remarkable unanimity of views 
on the duties and ethics of the profession of Engineer- 
ing and of the vital part which that profession plays 
in ‘“‘ directing the great sources of power in nature for 
the use and convenience of man ”—to use the strong 
and simple words of the Charter of the Institution 
of Civil Engineers. Plans have been made for a 
steady increase in the interchanges of technical 
papers dealing with engineering projects and deve- 
lopments of interest to members of the Common- 
wealth Engineering Institutions, and many other 
matters which will gain from a common approach 
have been considered. It has become clear that 
these discussions and the personal contacts which 
the Conference has made possible have further 
strengthened the ties existing not only between the 
home country and the individual units of the Com- 
monwealth, but also between each and all of its 
constituent nations. The delegates leave their work 
feeling confident that they have laid the foundations 
of an enduring collaboration designed to consolidate 
and improve the technical qualifications of British 
Commonwealth Engineers with a corresponding gain 
to the public services which they can perform.” The 
representatives attending from overseas were : from 
Australia, Mr. T. H. Upton, O.B.E., M.Inst.C.E., 
and Mr. W. R. Hebblewhite, representing the Insti- 
tution of Engineers (Australia) ; from Canada, Mr. 
J. B. Hayes, O.B.E., and Dr. L. Austin Wright, 
A.M.Inst.C.E., of the Engineering Institute of 
Canada; from India, Rai Bahadur P. R. Agarwal, 
and Mr. J. Chambers, C.1.E., M.Inst.C.E., of the 
Institution of Engineers (India) ; from New Zealand, 
Mr. C. W. Hamann, A.M.Inst.C.E., and Mr. D. B. 
Mansergh, of the New Zealand Institution of 
Engineers ; and, from South Africa, Professor W. G. 
Sutton, M.Inst.C.E., M.LE. (8.A.), and Mr. A. J. 
Adams. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS. 


The opening meeting of the present session of the 
Institution of Electrical Engineers, held on October 3, 
was notable for the fact that the new president, 
Mr. V. Z. de Ferranti, is the son of a former president. 
This is the first time that a son has followed his 
father in the presidential chair. In introducing 
Mr. Ferranti, Dr. P. Dunsheath, the retiring president, 
referred to his position as an industrial leader and 
it is of interest that the firm of which he is the head 
was founded by Dr. S. Z. de Ferranti. The address 
of the new president is dealt with in a leading article 
on page 350 of this issue. It need not be further 
referred to here, except to observe that it was 
largely concerned with a consideration of the 
extent to which ideas put forward in Dr. Ferranti’s 
address in 1910 had proved to be sound. This 
matter was referred to by Sir Johnstone Wright 
in proposing a vote of thanks. This was seconded 
by Professor E. B. Moullin, who expressed the 
general satisfaction felt that it was now possible 
for a president to turn from a consideration of the 
technical problems of war to those of peace and the 
future. A vote of thanks to the retiring president 
was proposed by Sir Harry Railing. Referring to 
the great amount of work put in by Dr. Dunsheath 
during his years of office, he pointed out that the 
Institution, with its 30,000 members, had almost 
become & miniature state, its “ parliament ” being 
represented by the council and local authorities 
by the various sections. The Institution had its 
own education and finance departments and a 
“foreign office” in the form of the overseas com- 
mittee. This vote of thanks was seconded by Mr. 
Percy Good, who pointed out that the past session 
had been the first full one in which it had been 
possible for the Institution to devote all its energies 
to things other than war. Dr. Dunsheath had 
co-ordinated the new and revised activities in & 
masterly way. In reply, Dr. Dunsheath expressed 
his thanks for all the assistance he had received and 
expressed gratification for the opportunities his 
year of office had given him to meet members of 
sister institutions in the Dominions, and in other 
countries. 
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LETTERS TO THE EDITOR. 


TYRE-PRESSURE CONTROL GEAR. 
To THe Eprror oF ENGINEERING. 


Str,—I was particularly interested in the article 
appearing in the issue of ENGINEERING for Sep- 
tember 27, on page 296, regarding tyre-pressure 
control gear fitted to the Terrapin II built by 
Messrs. J. I. Thornycroft and Company. In passing, 
I would like to mention that apparatus for inflating 
the tyres of vehicles while in motion, especially 
amphibious vehicles, would not appear to be novel, 
since the D.U.K.W. amphibious vehicles built in 
America were so fitted. 

It was, however, in the various references made 
in the article regarding the development of these 
vehicles to which I particularly wish to draw your 
attention. The Terrapin I and II are both infringe- 
ments of a patent owned by the writer, which was 
filed at the Patent Office during the latter part of 
1941 and was accepted in due course. At the end 
of 1941, my company produced a small amphibious 
wheeled vehicle using, comparatively speaking, 
large wheels and tyres arranged so that the centre 
pair of wheels carried the bulk of the weight. This 
enabled the vehicle to be steered readily either by 
braking or, in the case of two engines, the de- 
celeration of one achieved the same object, which 
was that, momentarily, practically the whole weight 
of the vehicle would be transferred to the centre 
pair of wheels and so enable the vehicle to turn 
without undue chafing of the tyres. I am enclosing 
a photograph of this vehicle, reproduced in Fig. 1, 
which had a road speed of 45 m.p.h., was powered 
by & 24-h.p. Ford engine, and had a three-speed and 
reverse gearbox, all the wheels beingdriven. The steel 
wheels were afterwards replaced with rubber-tyred 
wheels. The vehicle had a fine cross-country per- 
formance and was propelled in water by an outboard 
motor. We claim, therefore, that this vehicle was 
the first rigid wheeled amphibious vehicle to be 
built capable of being steered in the manner 
described. In point of fact, this particular vehicle 
would turn in its own length, one of the centre 
wheels remaining stationary. This vehicle was 
demonstrated to the Ministry of Supply in the early 
part of 1942, and as a result a contract was placed 
for two prototypes of a larger vehicle. 

By this time, it was quite apparent to us that 
any type of sea-going amphibious vehicle would 
have to be at least 30 ft. long in order to maintain 
steerability in a choppy sea, but the military 
authorities stipulated that our vehicle was to carry 
30 cwt. and was not to exceed 24 ft. in length. 
These vehicles were built and completed in 1942, 
and I am enclosing photographs, one of which is 
reproduced in Fig. 2, from which you will notice 
all the wheels are of the same size, but arranged 
at different levels, with the centre pair of wheels 
taking the bulk of the load. 

While we were engaged in the manufacture of 
these prototypes, and without consulting us in any 
way, the Ministry of Supply approached Messrs. 
Thornycroft and asked them to build a larger 
vehicle to carry 4 tons, stipulating that it was not 
to be more than 24 ft. long. The Ministry of 
Supply, of course, were in possession of all our 
designs and the Terrapin incorporated, as it had to, 
the one essential and patented feature which a 
vehicle of this kind must have :, the wheels were 
arranged at different levels. We believe the use of 
two engines was fundamentally unsound, and that 
it would have been a better proposition to use 
clutch steering in the same manner that a track- 
layer tractor, or, for that matter, a tank, is steered. 

The Minister of Supply, Sir Andrew Duncan, was 
good enough, after we protested, to send the writer 
@ letter in which our work in the development of 
these vehicles was acknowledged, and I feel sure 
you would not wish the article in question to give 
an erroneous impression. 

Yours faithfully, 
For S. E. OpPpERMAN, LiMiTED, 
S. E. Opperman, 
Stuart Works, Managing Director. 
Boreham Woods, Herts. 
October 3, 1946. 





TYRE-PRESSURE 











_Ocr. 11, 1946. 


CONTROL GEAR. 








Fig. 1. 





La 


+ EX 
a” 





ORIGINAL OPPERMAN AMPHIBIOUS VEHICLE, BuILt IN 1941. 


; orS. oT ae ay 


ik 


pal tile ti da 


ot) see. 


i. 
os aa 


Fie. 2. Seconp OpPpERMAN AMPHIBIOUS VEHICLE, BurILt rm 1942. 


THE INFORMATION OFFICE. 
To THE Eprror oF ENGINEERING. 


Smr,—Considerable discussion has taken place 
from time to time in ENGINEERING about the various 
aspects of technical education. It is the more sur- 
prising, therefore, to read on page 278, ante, the 
opinion that Richard Watson’s description of the 
“practical man” . . . “to such a scientific indus- 
try as engineering, could have no relevance.” Do 
we not all know those who are hostile to ‘‘ men with 
letters after their name” and those whose proud 
boast it is that they are not concerned with the 
activities of the learned societies ? The reason for 
this attitude is invariably attributable to some 
experience of technicians with high academic quali- 
fications, but little practical knowledge ; an experi- 
ence which probably became more common during 
the recent war, when men with academic qualifica- 
tions were engaged prematurely on design work. 
The need for designers to have an intimate know- 
ledge of workshop processes is abundantly evident 
when it is considered that every design, invention, 
or discovery must pass through the workshop before 
it can be translated into profit. Design can never 
be regarded as an end in itself; and, while the 
difference between a good design and a bad design 
may make no difference to the function of the 
product, it may make a vast difference to its cost. 

Much has been written of the excellent training 
schemes in the universities, whereby the student 
gets a widely varied practical training, but very 
little is written of an equally prolific source of 
technicians—the trade apprentice who obtains his 
technical training at evening or part-time classes. 
It is not widely known that many university 








graduates have qualified from evening classes. It 
might be supposed that such men would not be 
lacking in practical knowledge, but often their 
training is haphazard, or confined to too narrow a 
field. Haphazard training of apprentices destined 
for technical posts is wasteful and costly ; usually, 
a wide general knowledge is more important than 
manual skill, and a lengthy period of training in a 
particular trade is time wasted. It seems doubtful 
whether the necessary knowledge can be acquired 
in production shops, yet none but the biggest organi- 
sation could equip their own training schools with 
comprehensive production equipment. The only 
solution seems to be to set up training centres 
where students could acquire, fairly quickly, a 
knowledge of the uses and limitations of machines, 
and processes, without too much emphasis on the 
chip-file-and-scrape training, which has surely out- 
lived its usefulness. Such centres would have to 
be képt up-to-date, and might well be open to older 
men, who are out of touch with modern plant. Such 
a scheme would have to be Government-sponsored, 
and would not effect an immediate improvement. 
To help existing staffs to design for ease of produc- 
tion, details of available production equipment 
should always be supplied to the design office, and 
should include not only major equipment, but lists 
of cutters, hobs, broaches, etc., to avoid the ever- 
lasting need for “ specials.” Experienced designers, 
particularly newcomers to a firm, often have no idea 
what plant their employer possesses. Another gap 
might well be filled by manufacturers of workshop 
equipment ; too often, plant is supplied without 
any data relating to capacity and proper use, beyond 
an operator’s handbook. A manual for each piece 
of plant, would be invaluable to design and produc- 
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tion departments, alike ; the best examples of this 
type of literature, known to the writer, are those 
published by the Brown and Sharpe Manufacturing 
Company. Finally, it is suggested that designers 
could do much to help themselves by keeping in 
touch with modern manufacturing methods through 
the technical Press, and, above all, by realising the 
overriding importance of the economic aspects of 
design. 
Yours faithfully, 
J. E. Bacon. 

45, Silverdale-gardens, 

Hayes, Middlesex. 

October 1, 1946. 





THE RAILWAY GAUGE ACT, 1846. 
To THE EprTorR OF ENGINEERING. 


Smr,—The article on page 160, ante, and the 
subsequent correspondence on the subject of the 
Railway Gauge Act of 1846, sent me back to 
Sidney’s book, The History and Prospects of the 
Railway System, illustrated by evidence given before 
the Gauge Commission. This was published in 1846 
and makes interesting, and, in some cases, amusing 
reading. 

Sidney opens his book with an entertaining 
account of the events leading up to the inquiry : 
‘Passengers walked across the platform with all 
their small baggage, in order to change from Broad 
to Narrow, from four abreast carriages to three 
abreast carriages, and vice versa. This was un- 
pleasant in the night time, and in cold weather, 
and highly inconvenient to mothers with families, 
and to the lame, halt, and blind. But as this 
was an inconvenience to which travellers had been 
accustomed, although without any necessity, at 
Birmingham, through the want of arrangements 
between the London and Birmingham and Grand 
Junction Companies; and as the mothers, and 
lame, halt, and blind, are not only unfrequent 
travellers, but very powerless in agitating, if the 
evil had been confined to them it might have long 
remained unredressed.”’ 

The superintendent of the London and Birming- 
ham Railway, in reply to an inquiry about the 
traffic at Euston, replied :—‘* Besides the passenger 
trains which are advertised in the time bills, there 
are four luggage trains down and four up; we are 
now going to put on another, so that we shall have 
five luggage trains down and five up: these are 
independent of two or three cattle trains on two 
days a week.” 

The question of the speed of trains was discussed 
at some length and the engineer of the Newcastle 
and Carlisle Railway, in his evidence, stated that 
“J think it would not be consistent with prudence 
to found a system upon an imaginary rate of speed. 
I think that 60 miles an hour is the utmost limit 
that we ought to speculate upon. Above that rate 
of speed is beyond the limit of judicious travelling ; ” 
and, in reply to the next question, “ But if any 
desperate man should want to run at 100 miles an 
ee 

The difficulties arising from the change of trains 
imposed by the break of gauge were, of course, 
major feature of the inquiry, and a question on the 
problem of transferring troops from one train to 
another produced the reply :—‘‘I doubt that the 
men could be transferred from one set of carriages 
to another without being reformed into line. We 
find from experience, that if the troops get out of 
the carriages at Birmingham, there is so much 
difficulty and so much time lost in getting them in 
again, that the commanding officers do not allow 
them to leave their seats and any refreshment the 
men may require is given to them in the carriages, 
and not out.” 

I. K. Brunel was, of course, an advocate of the 
broad gauge system, and on the question of trans- 
ferring goods from one train to another, replied 
that, ‘If there were large quantities of goods in 
bulk, I think the trans-shipping of the body of the 
waggon would be a very convenient way of doing it.” 
Was he the inventor of containers? Brunel not 
only favoured the broad gauge, but opposed uni- 
formity of gauge. ‘‘ There would be an advantage, 
of course, in similarity of gauge,” he said, “‘ inasmuch 
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as it would get over any difficuity experienced 
through changing from one gauge to another, but, 
on the other hand I believe that a great deal of the 
progress that has been made in railways has arisen 
from the fair emulation which exists between the 
promoters either of two gauges or of other varieties, 
and that the system of generalising, whether the 
gauge or anything else, would do harm rather than 
good.” Sidney was evidently not prejudiced in 
Brunel’s favour, for he describes one of his exploits 
in these terms: “...a bridge built over the 
Thames at Maidenhead, to show how the river 
might be crossed by two arches, while the old 
bridge close by required not less than six, fell down 
twice. It was again rebuilt, and stands a monument 
of what an engineer of genius can effect with share- 
holders’ money.” 
Yours truly, 
J. L. MaTHEson. 
The University, 
Edgbaston, Birmingham, 15. 
September 27, 1946. 





THE PROPOSED LONDON 
RAILWAY PLAN. 


To tHe Eprror or ENGINEERING. 


Sm,—The recent conference on London Traffic 
and Planning, held by the British Association for 
the Advancement of Science, raises once again the 
difficult question of the co-ordination of London’s 
inner railway system with the street-planning on 
the scale envisaged by the planning authorities, and 
presumably to be commenced in the near future. 
It does not appear that the railway aspects of the 
scheme have received the amount of foresight in 
planning that is due to their relative public import- 
ance; in some cases, at all events, they have been 
pushed here and there to suit the planner at the 
expense of the convenience of the public, and with 
little regard to the tremendous issues involved. 

Broadly speaking, it would seem that the under- 
lying idea of the London Plan is an inrproved layout 
of streets combined with a real attempt at beautifi- 
cation, both excellent ideals. As regards the rail- 
ways, this beautification can be condensed into the 
removal of overbridges and the steam locomotive, 
presumably on account of its smoking chimney ; 
though why it is picked on while the myriad smoking 
household chimneys are omitted from the argument 
is difficult to determine. It would not be a difficult 
engineering feat to reduce locomotive smoke by 
oil-firing and to extract the necessary oil from home- 
produced coal by one of the many low-temperature 
processes, using the semi-coke residue for the 
domestic (and consequently smokeless) fire. Ideals 
must be related to principles, however matter-of-fact, 
and foremost comes the convenience of the public ; 
any scheme that seriously interferes with this is 
unworthy of further consideration. This rules out 
at once, for example, the proposed siting of a 
collective Southern Railway terminal somewhere in 
Bermondsey ; surely nobody, at all events on 
second thoughts, can really desire to promote such 
a vast public inconvenience at such an astronomical 
cost. It has already been stated by a competent 
authority that this scheme would necessitate an 
addition of 160 single-track miles of tube railway, 
together with many other expensive complications ; 
to the above can be added the cost of a new 25- or 
30-platform terminal and the vast inconvenience to, 
say, 1,600 to 2,000 passengers per minute, during 
the rush hours, in changing from high-level to low- 
level railway. Consider the arithmetic of it. There 
are five lines of entry to the combined London 
Bridge station; with 25 trains per line per hour 
and 800 passengers per train (neither unreasonable 
allowances), we arrive at 100,000 passengers per 
hour, or 1,666 per minute; 10 per cent. might 
reasonably be added to allow for future increase. 
Similarly, 125 trains per hour require a minimum of 
23 platforms on a bare allowance of a ten-minute 
interval at the platform face. It is pertinent, 
therefore, to ask the planners whether they have 
considered, in this particular case, the passengers’ 
point of view or their dispersal at the above rate 
without undue delay ; also, the fact that the change- 





over from steam to electric-traction locomotives 








involves a perpetual delay to the passengers con- 
cerned of ten minutes per change. 

A reasonable alternative view is that, if there is 
to be any great expenditure (which, in any case, 
will come out of the public pocket) on London’s 
surface railways, it must be in the direction of 
increasing facilities rather than diminishing them ; 
by no means an impossible task. This may be 
achieved, for example, by arranging through (under- 
ground) connections between convenient termini, 
thereby extending the collection-and-delivery area, 
in addition to easing operational difficulties by 
running the trains through instead of terminating 
them. Such a plan would be confined, for obvious 
operating reasons, to electrified suburban services ; 
as examples, Waterloo might be connected to 
Victoria with intermediate stations near Whitehall 
and the existing station at St. James Park, while 
other services might be run through on and off the 
Waterloo and City Railway. Again, the whole of 
the Metropolitan Extension line of the Southern 
Railway might go underground from the south side 
of the river instead of the north, as at present ; 
this would abolish several termini as well as the 
Ludgate-hill overbridge, which has been universally 
condemned for hiding St. Paul’s Cathedral. In this 
case, a quadruple track would be required to cope 
with the heavy freight traffic in addition to the 
passenger traffic. All these schemes have the merit 
of improving facilities as well as easing terminal 
working, advantages sought by all railway authori- 
ties. 

It may be that a further reason for re-siting 
arises from a desire for more space at crucial points, 
the removal of stations such as Cannon-street and 
Charing Cross, together with their relevant railways, 
being valuable examples of this. Congestion can 
be eased, however, by increasing the height of the 
buildings ; we cannot emulate New York in this, 
on account of differing sub-soils, but we could 
possibly amend our by-laws to admit of treble or 
quadruple the present number of stories and so 
save space. Is it too much to ask all planners to 
bear these points in mind ? 

Yours faithfully, 
J. G. B. Sams. 

47, Victoria-street, 

London, S8.W.1. 

October 6, 1946. 





REVISED PRICES FOR TIN.—Announcing new buying 
and selling prices for tin, the Ministry of Supply state 
that the basic price of tin metal sold by the Non- 
Ferrous Metals Directorate for delivery in the United 
Kingdom, was increased on September 26, 1946, from 
3001. to 3801. 10s. per ton. At the same time, the basic 
price of tin metal sold f.o.b., U.K. port, for export from 
this country was increased from 3571. to 3801. 10s. The 
basic price is for metal of 99 per cent. to 99-75 per cent. 
tin content, and the prices for all other grades vary 
correspondingly. 


NEW L.M.S. CoacHEs.—The first of 200 new 
third-class corridor coaches has recently been completed 
in the Derby Carriage and Wagon Works of the London 
Midland and Scottish Railway Company. They will 
form part of the 800 passenger vehicles which the L.M.S. 
commenced to build when the war ended, and of which 
500 have already been put into service. The design is 
similar to that of the coaches incorporating passenger, 
luggage and guard accommodation which were described 
in ENGINEERING, on page 544, vol. 160 (1945), except that 
the present coaches consist solely of seven passenger com- 
partments providing 42 seats, or 56 seats with the arm- 
rests raised. The coaches are 57 ft. in length over the 
headstocks and have a tare weight of 30 ton 14 cwt. 





BorLer-Hovuse INSTRUMENTS.—The Ministry of Fuel 
and Power has announced the publication of a new 
booklet in their series on Fuel Efficiency, entitled “ The 
Installation and Mainfenance of Boiler-House Instru- 
ments.” The booklet deals with the various types of 
instruments in general use, their functions and adjust- 
ment, and methods of installation, and it describes the 
necessary measures for maintaining each instrument in 
proper condition for the efficient and economical opera- 
tion of the boiler-house. These recommendations are 
applied to such instruments as feed-water and steam 
meters, draught meters, CO, recorders, thermometers, 
and pyrometers. The booklet may be obtained free on 
application to any Regional Office of the Ministry of 
Fuel and Power. 
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MR. E. G. IZOD, M.B.E. 

WE regret to record the death, on October 2, 
of Mr. E. G. Izod, the originator of the well-known 
impact test which bears his name. He was 70 years 
of age and had been in failing health for a consider- 
able period, though he continued until recently to 
give his personal attention to the affairs of Messrs. 
Weymann’s Motor Bodies (1925), Limited, of Addle- 
stone, of which he was chairman and managing direc- 
tor. Although his name was so widely known among 
engineers and metallurgists throughout the world, 
Mr. Izod himself was not so generally recognised by 
them as the author of the Izod impact test ; partly, 
no doubt, because he pronounced his name “ Izzod,” 
whereas the practice has developed of referring to 
the test as the “I-zod,”’ but partly also because he 
regarded its discovery as merely one early incident 
in a long and active life and admitted candidly 
that he had done comparatively little to extend 
its application and interpret its wider significance. 

Edwin Gilbert Izod was a native of Portsmouth, 
where he was born on July 17, 1876, and received 
his general education in Vickery’s School, in South- 
sea. In January, 1893, he entered upon an engin- 
eering pupilage with Messrs. Maudslay, Sons and 
Field, Lambeth, where he spent the next 2} years in 
the shops. In 1895, he was sent to Pembroke by 
the firm, who were then installing the machinery in 
H.M.S. Renown. Though still only in his "teens, 
Izod, who combined a powerful physique with a 
natural ability to command, was given charge of 
the work in the main engine room, with strict 
instructions to admit no one who could not produce 
the firm’s pass; instructions which he obeyed to 
the extent of ordering out Captain ‘‘ Jacky ” Fisher, 
who, characteristically, requested Izod’s presence 
in his cabin, and congratulated him on his ability 
to carry out an order. After the Renown had com- 
pleted her trials, Izod was sent to Portsmouth 
Dockyard, where the battleship Caesar and the 
cruiser Gladiator were being engined by Maudslay’s. 
In 1898, he went to University College, London, as 
demonstrator, remaining there for nearly two years, 
during which time he met a number of eminent 
engineers in the laboratories ; among them Captain 
H. Riall Sankey, who, in 1900, appointed Izod as 
his personal assistant at the works of Messrs. 
Willans and Robinson, at Rugby. Exposed to 
Sankey’s enthusiasm for the study of entropy, 
Izod became fired with the same enthusiasm, and 
did much pioneer work in developing the application 
of the theory of entropy to turbine design. 

It was while he was Sankey’s assistant that Izod 
discovered almost by chance the significance of 
impact on the physical strength of metals. Sankey 
had been asked to examine a burst shot-gun barrel 
for possible defects in the steel, and deputed Izod 
to test the metal against that of a sound barrel. 
The two steels appeared to be precisely similar. At 
last he had the idea to put small notched test 
pieces in a vice and hit them with a hammer. Under 
repeated blows, one merely bent over, but the other 
snapped off short at the first blow. He did little 
himself to develop a technique of impact testing 
beyond circularising a few friends about his “ dis- 
covery ’”—which they ignored—and, with promotion 
to higher office (eventually he became assistant 
managing director) he was fully occupied with other 
work. In 1910, having been offered the post of 
chief consulting mechanical and electrical engineer 
to the Central Mining Corporation, he left England 
for Johannesburg, where he remained for 17 years. 
He was appointed manager of the Corporation, and 
managing director of the Rand Mines in 1918. In 
1927, he retired, but was soon bored by retirement, 
and, being offered the post of managing director of 
Messrs. Weymann Motor Bodies, Limited, he eagerly 
accepted it (in his own words) “just for something 
to do.” In that capacity, and as chairman of the 


company, he worked strenuously throughout the 
war years, expanding considerably the range of 
bodywork undertaken. Mr. Izod was a member of 
the Iron and Steel Institute and of the Institute of 
Metals, an honorary member of the Junior Institu- 
tion of Engineers, and had served on the committee 


MR. A. E. L. CHORLTON, C.B.E. 


THOSE who advocate that engineers should take 
a more prominent part in affairs outside their 
strictly engineering activities have lost a notable 
example and supporter by the death, on October 6, 
of Mr. A. E. L. Chorlton, C.B.E., a past-president of 
the Institution of Mechanical Engineers, director of 
a number of engineering companies and, for some 
15 years, a Member of Parliament. Although 72 
years of age, Mr. Chorlton only relinquished his seat 
in the House of Commons (where he had repre- 
sented the Platting division of Manchester from 
1931 to 1935 and the Bury division from 1935 to 
1945) at the last general election. Because of ill 
health, he had recently reduced his commercial 
activities, but was still, at the time of his death, 
chairman of Messrs. Edward Wood and Company, 
Limited, constructional engineers, and of Messrs. 
J. Mandleberg and Company, Limited. 

Like Mr. E. G. Izod, whose obituary notice appears 
above, Alan Ernest Leofric Chorlton showed as a 
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THe Late Mr. A. E. L. Cuoruton, C.B.E. 


young man a readiness to profit by his opportunities, 
which brought him early responsibility. He was 
born at Audenshaw, Lancashire, on February 24, 
1874, and received his technical education at the 
Manchester College of Technology and the Victoria 
University, where he spent altogether four years. 
This was followed, from 1892 to 1897, by five years 
in the works of Messrs. Mather and Platt, Limited, 
where, having attracted the personal interest of the 
late Sir William Mather, he was selected, in 1898, 
for the appointment of resident engineer, on behalf 
of Messrs. Mather and Platt, on the erection of an 
electric power plant for the Castner-Kellner Electro- 
lytic Alkali Company. This contract concluded, 
he was sent for a year to Russia, though only 25 
years of age, to examine, report upon, and eventually 
to modernise the boiler plant and machinery of a 
large works. On his return, in 1901, he was ap- 
pointed works manager of the electrical department 
of Messrs. Mather and Platt; later, of their gas- 
engine shops, in which they built large Kérting 
engines under licence; and eventually, over the 
whole of their engineering manufactures, with a 
seat on the board of directors. He left the firm in 
1913 to go to Messrs. Ruston and Proctor, Limited, 
Lincoln, as engineering manager, and five years later 
was appointed to a similar position with Messrs. 
William Beardmore and Company. During his |! 
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associated with the construction of the heavy-oj| 
engines for the airship R.101. In the 1914-18 war, he 
served as Deputy Controller of Aero Engines in the 
Air Ministry, for which he was awarded the C.B.8. : 
and he was also a member of Lord Fisher’s Board of 
Inventions. Subsequently, his time was divided 
between his Parliamentary duties and his numerous 
commercial interests, which included, at various 
times, the chairmanship of Messrs. Smethwick Drop 
Forgings, Limited, and of Messrs. Lancashire 
Dynamo and Crypto, Limited, in addition to those 
mentioned above. 

Mr. Chorlton was elected a member of the Instit:: 
tion of Mechanical Engineers in 1903 and was Presi- 
dent of the Institution in 1933-34. Since 1937 h« 
had been an honorary member. He was also a mem 
ber of the Institution of Civil Engineers, whic); 
awarded him a Watt Gold Medal and a Webb Prize 
in 1930 for a paper on ‘ Railway Traction by Oil 
Engine ” ; a member of the Institution of Electrica! 
Engineers, a Fellow of the Royal Aeronautical 
Society, and a member of a number of other London, 
provincial and foreign societies and institutions 
He was one of the British Government representa- 
| tives at the World Power Conference at Copenhagen, 
| Stockholm and Oslo. Always a man of strong 
views, he will be remembered for the vigour with 
which he pressed the claims of whatever interest 
engaged his attention; for instance, when he was 
concerned with the manufacture of gas engines, he 
advocated energetically their employment as pro 
pelling machinery for ships and aroused much com- 
ment by a proposal to substitute them for the 
diagonal paddle engines in the Llandudno excursion 
steamer La Marguerite. More recently, he carried 
on & vigorous campaign, in the years immediately 
preceding the second World War, for the construc- 
tion throughout the country of a ** Water Grid ” ; 
a proposal that contained several good features, 
some of which may be implemented in time. 





MR. JOHN THOMSON, M.B.E. 


It is with regret that we record the death of 
Mr. John Thomson, which occurred at his home, 
Tulloch House, Woodside-avenue, Rutherglen, on 
September 24. Mr. Thomson, who was a director 
of Messrs. Sir William Arrol and Company, Limited, 
Bridgeton, Glasgow, was born at Aberdeen on 
November 23, 1881. He received his general educa- 
tion at Robert Gordon’s College, Aberdeen, and 
afterwards studied at Glasgow University, where 
he obtained the degree of B.Sc. in 1905. Mr. Thom- 
son served his apprenticeship in the works of Messrs. 
Alexander Finlay and Company, Limited, at Mother- 
well, and remained with them on completing his 
pupilage, eventually becoming works manager of 
their bridge and_structural-engineering depart- 
ments. In 1916, Mr. Thomson joined the staff of 
Messrs. Sir William Arrol and Company, Limited, as 
manager Of their bridge and structural-engineering 
shops. Subsequently, he took over also the works 
management of the firm’s mechanical-engineering 
department, and, for a number of years, was thus 
in charge of all the shops at Messrs. Arrol’s Dal- 
marnock Works. For his services during the war 
of 1914-18 he was awarded the M.B.E. 

Mr. Thomson was elected a director of the firm 
in 1938 and represented the company on a number 
of group programmes organised to expand engin- 
eering production during the recent war. He was 
a member of the Executive Committee of the North- 
West* Engineering Trades Employers’ Association 
and took a keen interest in the education of appren- 
tices and young engineers. In addition to his other 
duties, Mr. Thomson was a director of Scottish 
Small Tools, Limited, Carfin Industrial Estate. He 
was elected an associate member of the Institution 
of Civil Engineers in 1911 and a member in 1936. 
He joined the Institution of Engineers and Ship- 
builders in Scotland as an associate member in 
1907, was transferred to the class of member in 
1931, and was elected a member of the Council 
last year. He was elected to membership of the 
Institution of Structural Engineers in 1937, was a 
past-chairman of the Scottish branch and a vice- 
president. Mr. Thomson was also a member of the 








of the Maudslay Society. 





years with the last-mentioned firm, he was closely 
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NAVAL ARCHITECTS AT 
GLASGOW 
(Continued from page 329.) 

WE continue below our report of the joint meeting 
of the Institution of Naval Architects and the 
Institution of Engineers and Shipbuilders in Scot- 
land, held in Glasgow, on September 24, 25 and 26. 

The second of the two papers discussed at the 
opening session, on the morning of Tuesday, 
September 24, was presented by Professor A. M. 
Robb, D.Sc., and was entitled “‘ Examination of the 
Records of the Greyhound Experiments.” In it 
he quoted the observation of William Froude, 
in presenting the results of the experiments to the 
Institution of Naval Architects in 1874,* that “I 
am confident that no sensible error arises. ple 
This statement of faith, said Professor Robb, was 
the foundation of the practice of more than 70 
years; but a re-examination of the results showed 
serious discrepancies between the interpretations of 
the model records and those from the ship, in the 
light of more recent work. Mr. R. W. L. Gawn 
had recorded that Froude considered the measured 
resistance of the Greyhound to have been exag- 
gerated by the shallowness of the water in which the 
tests were made; and Mr. M. P. Payne had shown 
that there was a large amount of empiricism in the 
development of Froude’s frictional constants. It 
had been suggested that Froude made an addition 
to his frictional coefficients to take account of 
roughness of surface ; and certainly he did submit 
that the gap between the experimental record for 
the ship and the calculation from the model experi- 
ment of the frictional coefficient could be bridged 
by assigning to the coppered bottom of the Grey- 
hound a higher resistance than he had taken for 
the calculation. There was, however, a possible 
contradiction behind this argument; Froude esti- 
mated that the fitting of bilge keels would increase 
the resistance of the ship by 800 lb. at 10 knots, 
but in fact the increase was less than 350 lb., and 
this discrepancy, he suggested, might be due to the 
exposure of the copper in dry dock for a week 
while the bilge keels were being fitted. Thus, to 
explain two discrepancies, he had suggested, in 
effect, a considerable increase in the frictional 
coeflicient in one case, and a decrease in the other ; 
which raised an element of doubt, especially in view 
of an experiment made at the N.P.L. and recorded 
by Dr. G. 8. Baker. He had found that coarse 
linen, applied over one-eighth of the length of a 
model at the fore end, increased the resistance by 
11-3 per cent., but the same area applied amidships 
increased it only 3 per cent. Professor Robb 
thought that, while there was not enough definite 
evidence to warrant a departure from present 
practice in computing ship resistance, there was an 
urgent need for experiments in pressure plotting 
over the hull, and for more thrust measurements. 

The discussion was opened by Mr. W. P. Walker, 
who observed that, apart from the suggestion that 
pressure pl ts round the hull of a ship, in conjunc- 
tion with accurate full-scale thrust measurements, 
might be a useful line of investigation, the paper 
brought forward no new data which were amenable 
to detailed analysis. It was generally agreed that 
Froude’s small models were operating in the transi- 
tion zone between laminar and turbulent flow, par- 
ticularly at the lower speeds, and that, therefore, 
the results might be unreliable ; also that his full- 
scale resistances might exceed, but could not be less 
than, the true values. Accepting Professor Robb’s 
premises, however, it must be assumed that he was 
suggesting a substantial increase in the ship friction 
coefficient to make the measured resistance of the 
Greyhound agree with the predicted resistance. It 
was submitted that this was in accord with the 
results of Eggert’s experiment, referred to in the 
paper; but Mr. Walker contended that it was the 
model friction that had been over-assessed and that 
the Eggert comparison did not apply. He agreed 
that pressure plottings and accurate thrust measure- 
ments were desirable ; but there were many prac- 
tical difficulties in the way of plotting pressures 
round @ hu!! and deducing the frictional resistance 





* “ Experiments with H.M.S. Greyhound.” Trans. 


I.N.A., Vol. 15, page 36 (1874). 











from them, and experience with full-scale thrust 
measurements had given rather mixed results, some 
showing a discrepancy of as much as 25 per cent. at 
low speeds, which, in his opinion, only pointed to 
the need for better thrust meters. It would seem 
a more profitable line of approach to deduce the 
frictional resistance from a series of velocity mea- 
surements and the corresponding momentum loss, 
as was done extensively in aeronautical work. These 
comments, said Mr. Walker in conclusion, were not 
to be construed as defeatism; they were intended 
to endorse Professor Robb’s appeal for more 
research on this extremely important branch of 
investigation. 

Dr. 8. Livingston Smith thought that there was 
an essential weakness in Professor Robb’s argu- 
ments; was it not possible that the model of the 
Greyhound was subject to scale effect? He did 
not state the range of Reynolds number, but it 
would seem that scale effect could not be dis- 
regarded and, therefore, to use the Greyhound model 
results as a basis for argument might be misleading. 
Further, though Froude considered that the Grey- 
hound experiments confirmed his ideas of the law of 
comparisons as applied to residuary resistance, he 
did not claim that they gave the proper value for 
the frictional coefficient for a smooth surface of the 
length of the Greyhound. Some of the discre- 
pancies mentioned by the author might well be due 
to surface roughness ; it was in that direction that 


| more information by research was required. Pro- 


fessor Robb quoted the effect of a linen coating on 
the fore end of a model tested at the N.P.L. tank ; 
but, before accepting that as evidence, said Dr. 
Smith, he would want to know whether there was 
any laminar flow on that model without the linen. 
In any case, the ratio of the added roughness of the 
linen to the thickness of the boundary layer would 
be much greater at the fore end than amidships, and 
that would produce the results which Professor 
Robb quoted. While agreeing with the desirability 
of further experiment in pressure plotting and thrust 
measurement, he added his own plea to the sugges- 
tion that there should be a thorough exploration of 


| the velocity over the surface of the hull. 


Professor G. G. Cook, D.Sc., commended the 
wisdom of Professor Robb’s action in going back to 
original records ; there was too general a tendency 
to accept the interpretations of fundamental investi- 
gations as they were given in text-books, with the 
result of perpetuating misconceptions which the 
original author would have disclaimed. The way in 
which the principle of similarity was applied to ship 
resistance had always seemed remarkable to him ; 
and, anyway, why go to the expense of building 
experiment tanks, with their elaborate measuring 
appliances, in order to determine what was stated in 
the paper to be, in most cases, no more than 20 per 
cent. to 25 per cent. of the total resistance of a 
vessel, and, he believed, never more than 50 per 
cent. ? One answer seemed to be that the method 
worked, and gave reliable results; but Professor 
Robb’s paper raised the question whether, after all, 
the predictions were reliable, and, in questioning the 
validity of the method of calculating frictional 
resistance, he referred to the fundamental assump- 
tion that frictional resistance was entirely inde- 
pendent of pressure distribution, implying that this 
was fallacious. What evidence had he, either 
theoretical or experimental, indicating that pressure 
per se, apart from its effect on velocity, density or 
viscosity, could have any effect on frictional resist- 
ance ? It seemed that he must look elsewhere for an 
explanation of the discrepancies, but, said Professor 
Cook, ‘‘ I endorse wholeheartedly the recommenda- 
tion that these fundamental assumptions should be 
the subject of continual investigation, even to the 
extent of repeating the experiments that originated 
them.” 

Professor Robb, in reply to the discussion, agreed 
with Dr. Livingston Smith that surface roughness 
ought to be investigated thoroughly; there were 
indications that too much stress had been laid on 
it. There had been suggestions, in technical books, 
that laps and butts increased resistance by 10 per 
cent. to 14 per cent. ; but he had asked in various 
quarters whether welded ships showed appreciably 
better propulsive qualities than riveted ships, and 
could find no evidence of any material difference. 











Then there was the suggestion that Froude’s small 
models might have been subject to laminar flow. 
The answer to that was that above a value of 
VL=40 (V being the speed in feet per second 
and L the length in feet), the question of laminar 
flow did not arise ; V L = 40 corresponded to about 
8? knots for the Greyhound, so that, above 
8}? knots for the ship, the results were certainly 
acceptable by modern standards—but that still 
left a discrepancy of 15 per cent. to 30 per cent., 
depending on whether Froude’s or Schoenherr’s 
coefficients were taken. If the tank experts were 
satisfied with such a discrepancy, it was a distressing 
thought. In any case, he challenged the validity of 
the V L = 40 assumption ; to accept it as a criterion 
for the absence of laminar flow was merely to evade 
the difficulties. A remarkable point about that 
criterion was that nobody seemed to be aware of 
it before about 1925; he believed that the first 
published reference to it was in the Trans. I.N.A. 
in that year, and the second in the 7'ransactions of 
the North-East Coast Institution in 1926. It was 
curious that Froude, that careful experimenter, 
never noticed it ; possibly it only became noticeable 
when the tanks began to experiment with full 
models. That linked up with the fact that the 
transition from laminar to turbulent flow depended 
on pressure variation ; hence the suggestion, in the 
paper, that friction was dependent upon pressure. 
The Greyhound experiments were still the only 
direct tests of the theory; and to adopt that 
special pleading about flow would only rule out 
the lower end of the Greyhound speed range—there 
was still a discrepancy at the upper end, so great 
that a re-orientation of experimental work ought 
to be considered seriously. One other point he 
would make: no one had raised the question of 
experiments in shallow water. It was fairly well 
established that model experiments, especially on 
full ships, under-assessed the resistance ; and there 
was fairly definite evidence that model experiments 
in shallow water seriously over-estimated the fric- 
tional resistance. That indicated a line of argument 
which would be found to be consistent with the 
general thesis he had tried to develop in the paper. 


(To be continued.) 





BRITISH EXPORTS AND IMPORTS OF ELECTRICAL 
EQUIPMENT.—According to Board of Trade Journal for 
September 21, 1946, the value of the electrical equip- 
ment exported from the United Kingdom during August 
was 3,275,0001., compared with 3,908,000l. in July. The 
monthly averages for the first and second quarters of 
the year were 2,453,0001. and 2,931,0001, respectively. 
The value of the retained imports during August was 
725,0001., compared with 391,0001.in July. The number 
of wireless receiving sets exported (33,000), though 2,400 
less than in July, was otherwise the highest on record, 
being nearly five times the monthly average. 





TIDAL WAVES IN THE PaciFric.—An automatic radio- 
alarm system capable of giving instantaneous warnings 
over thousands of miles in the Pacific Ocean ap- 
proaching tidal waves has been recommended by a 
group of geologists who have been studying the causes 
and effects of the disastrous disturbance of April 1. The 
system recommended is to establish observation stations 
around the shores of the Pacific and on selected mid- 
Pacific islands. While serving primarily as weather 
stations, these installations could be equipped so that 
they would automatically record the arrival of large- 
amplitude seismic waves near their points of origin, and 
actuate radio alarms so that adequate warnings might be 
broadcast to areas subject to possible damage by seismic 
waves. The investigation of the April disaster, which 
is still continuing, has disclosed that it originated in a 
sudden and sharp adjustment of the earth’s crust along a 
major fault line in the Aleutian trough, south of Unimak 
Island. From this point, concentric semi-circular shock 
waves were directed outwards into the Pacific, where they 
travelled fanwise through the water at a speed of approxi- 
mately 470 m.p.h. Scarcely perceptible at the ocean’s 
surface, the shock waves travelled through the water at 
80-mile crest intervals, creating surface-wave swells not 
more than 4 ft. or 5ft.in height. After being transmitted 
through the water for some 2,300 miles within the space 
of five hours, the wave forms “ tripped ” on the shallow 
sea floor near the Hawaiian Island coasts and created a 
series of breakers which reached a height of 55 ft. above 
normal high-tide levels in certain exposed areas on the 
northern coasts. Other areas were spared because of the 
existence either of steeply sloping ocean bottom near 
shore or of offshore barrier reefs. 
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LABOUR NOTES. 


A statisticaL digest published last week by the 
Ministry of Fuel and Power states that in the coal- 
mining industry in 1945 absenteeism was 16-3 per cent. 
Of that, 9-2 per cent. was involuntary, and the remain- 
ing 7-1 percent. voluntary, namely, absences from work 
for which no satisfactory reason was given. Absentee- 
ism in 1944 was 13-6 per cent. and in 1943, 12-4 per 
cent. In 1938 it was 6-4 per cent. and in 1939, 6-9 per 
cent. Output lost during 1943 from causes other than 
absenteeism included 12,404,000 tons by reason of 
recognised holidays (8,493,600 tons in 1944), 956,000 
tons from disputes (3,001,700 tons in 1944), and 
2,022,700 tons from accidents, breakways and repairs 
(1,603,800 tons in 1944). Manpower showed a reduc- 
tion of 17,351. A total of 48,668 was obtained by 
recruitment, but wastage accounted for 66,019. 





A joint statement issued last week by the British 
Federation of Master Printers and the Printing and 
Kindred Trades Federation gave the terms of a pro- 
visional agreement arrived at on the application of 
the operatives’ organisation on the subjects of holidays 
with pay and working hours. From November 4, 
craftsmen will get 10s. and some other men 8s more, 
and women 7s. 6d. more, and there will be corresponding 
increases for juveniles. Working hours are to be 
reduced from 45 to 43$ a week, and the principle 
of a 424-hour week as soon as the labour situation has 
sufficiently improved, is accepted. The principle of the 
five-day week, subject to local variation, is also 
accepted. A fortnight’s holiday with pay will accrue 
from July 1, 1946. Both parties agree to consider all 
the proposals for the removal of difficulties in the 
industry set out in the report of the Court of Inquiry. 





In a letter to the Chief Industrial Commissioner of 
the Ministry of Labour and National Service, the 
parties to the agreement undertook to take immediate 
steps to ensure publication of the registers and other 
official printing in time for the November elections. 
The employers will arrange for whatever assistance is 
necessary, and the unions will urge their members to 
work whatever overtime is necessary to get the work 
through. 





The Post Office Engineering Union has submitted 
to the Postmaster-General a claim for a five-day work- 
ing week of 40 hours. It is recognised, however, that 
at present a 40-hour week is scarcely practicable, and, 
while making a formal claim to it, the union has asked 
for an immediate reduction to a week of 43 or 42 hours. 





Negotiations were begun in Manchester recently for 
a shorter working week in the cotton industry. The 
United Textile Factory Workers’ Association asked for 
a 40-hour week to be introduced by stages. The first 
stage suggested was a five-day week of 434 hours, with 
increases in day wages and — rates. It was agreed 
to set up a sub-committee of employers and operatives 
to consider the claim. The employers, it was stated, 
pointed out that they could not pledge themselves to 
concede the claim in its present form, but would agree 
to some reduction of the working week provided that 
the operatives realised the need to maintain output, 
and were sympathetic to whatever deployment of labour 
might be necessary to maintain output. 





The General Council of the National Federation of 
Building Trade Operatives, meeting at York last week, 
decided to claim an increase of 6d. an hour, to bring 
the wages of craftsmen in the building industry up to 
3s. an hour, and a proportionate increase in the wages 
of labourers. It was also decided to ask for payment 
for statutory holidays. The claim will go through the 
ordinary machinery of the Joint Industrial Council for 
the industry. 





The Nationa! Joint Council for the docks’ industry, 
having failed to agree on important details of the 
decasualisation and guaranteed minimum wage issues, 
has reported the failure to the Minister of Labour and 
National Service, and asked him to devise a suitable 
scheme. Mr. Isaacs has agreed to do so, and, ip order 
to ascertain the facts, as they exist, has appointed 
Sir John Forster to conduct an inquiry into the matter. 
The dockers and their employers both recognise the 
need for stabilising work at the docks by instituting a 
guaranteed minimum wage for all registered workers. 
They differ, however, as to the method of applying the 
scheme. The dockers want their trade unions to be 
re nted equally with the employers in compiling 
and keeping the register—which means the selection 
of the men who would receive the guaranteed wage. 
On the other hand, the employers submit that it is 
their job to decide how many men they want to employ, 
and that, while they are ready to meet the unions on 








all matters negotiated, they wish to be free to administer 
their own businesses for themselves. 





The two sides of the Joint Council are equally divided 
on the question of the amount of the guaranteed wages. 
The employers have offered a minimum of 161. a month, 
and the dockers insist on a minimum of 41. 10s. a 
week, That is not, moreover, the only point in this 
connection on which they disagree; they also differ 
as to the method of calculating the wage. The em- 
ployers submit that all earnings, including overtime, 
should count towards the minimum, whereas the 
dockers argue that only work done in accepted working 
hours should count. 


On Monday last, the employees of the Blackburn 
cotton manufacturing firm, Messrs. M. Munroe and 
Son, Limited, began a five-day working week of 45 
hours. Previously, the week had been one of 474 hours, 
worked in six days. Wage rates are to be advanced 
to enable each operative te obtain as much as he would 
have earned in the longer week, and, in addition, all 
weavers in the mill, until further notice, will be paid 
weekly a sum equal to 5 per cent. of their earnings. 





Under an Order of the French Minister of National 
Education, the National Conservatoire of Arts and 
Crafts has provided for the degree of “ social engineer,” 
and laid down the requirements which candidates for 
it must fulfil, Only persons who already possess an 
engineering degree are eligible for the specialised study 
programme. ‘hey are required to attend courses on 
the following subjects at the Conservatoire—organisa- 
tion of labour and trade unionism ; scientific manage- 
ment; physiology of labour; vocational guidance 
(candidates must attend courses and do field work) ; 
and industria] safety. Before students are permitted 
to take examinations, they must have worked for at 
least six months as trainees in factories. 





Another prerequisite for the new degree is the com- 
pe and the acceptance, after an oral examination 

y a board of professors of the Conservatoire, of a 
thesis on a subject chosen by the candidate in consulta- 
tion with one of the professors in charge of the 
specialised study programme. In order to assure a 
high scientific standing for the “social engineer,” it 
is also stipulated that only candidates scoring high 
marks in the examinations (both oral and written) are 
eligible for the degree. 





The organisation of commercial apprenticeship 
schools in Brazi) has been entrusted by the Legislature 
to the National Confederation of Commerce, which 
is required to establish a National Commercial Appren- 
ticeship Service to carry out the task. The object of 
the new Service is to extend and improve commercial 
education and similar types of training, and for these 
purposes, it is empowered to enter into agreements 
with approved municipal and private commercial 
Schools which, in return for financial aid, must under- 
take to provide greater facilities and a specified number 
of free places for people engaged in business. 





The Service is administered by a National Council 
and State or regional councils. The President of the 
National Confederation of Commerce is ex-officio 
President of the National Council, which also includes 
the Director of Commercial Training in the Ministry of 
Education and a representative of the Ministry of 
Labour, Industry, and Commerce. The State, or 
regional, councils, similarly, include representatives 
of the two Ministries, and their presidents are selected 
from among the presidents of the federations of com- 
mercial employees, preference being given to the federa- 
tion having the largest number of members. A function 
of the National Service is to encourage private initiative 
to set up approved commercial training schools in 
localities in which such schools do not already exist. 
If the vocational training courses provided by a school 
do not correspond to the needs of the region, the 
Service is to arrange for the necessary adjustments. 





The Commercial Apprenticeship schools must also 
offer continuation, practical training, and specialisation 
courses for adult employees of commercial under- 
takings who are not eligible for apprenticeship training. 
In order to defray the expenses of the new Service, the 
commercial undertakings whose activities are covered 
by federations and trade associations affiliated to the 
National Federation of Commerce are required to 
make a monthly contribution equal to one per cent. 
of the total salaries of their employees. Undertakings 
with mixed activities which include any branch of 
commercial activity are required to contribute a sum 
calculated on the total salaries of the employees 
working in that branch. 














‘Oct. I1, 1946. 
WELDING IN GREAT BRITAIN.* 


By Artuur Dyson, M.Inst.C.E. 


Tur outlook for welding in this country is a bright 
one, for it cannot be believed that, in spite of the aston. 
ishing progress made during the war, the possi)ilities 
for the employment of the various welding processes 
have been anything like exhausted. There is sti]! much 
to be told about the part which welding played jy 
making possible the war-time achievement, but the 
lesson has been learned by thousands whose scepticism 
and inertia long hindered its development and we can 
confidently expect that welding will be called upon 
to contribute more and more to the manufacture of 
everything made of metal—and even of things made of 

lastics. For this reason, I feel certain that the 

nstitute, the prosperity of which is bound up with the 
prosperity of welding, has also practically limitless 
possibilities, and it will be very disappointing if, within 
the next five or ten years, the present membership of 
5,115 is not doubled or trebled. I look forward to the 
time when the Institute may confidently petition for the 
grant of a Royal Charter and take its place beside those 
older Institutions which have done so much to promote 
the interests of their respective branches of engincering 
in this country. In this connection, I feel sure that the 
Council have made a wise and far-seeing decision in the 
recent revision of the membership regulations. If we 
are to attain the same sort of standing as the older 
institutions, the several grades of our membership must 
stand for definite and ascertainable degrees of technical 
and scientific accomplishment. I hope that, during my 
year of office, the scheme for an associate-membership 
examination, on which the Education Sub-Committee 
have been working, will be completed and approved. 

There is a sense in which the whole of the work of the 
Institute may be regarded as education, for all our 
activities—lectures and discussions, publications, library 
and information service, and the rest—aim at the 
collection and the distribution of the best and most 
reliable information on welding matters. We need 
therefore to enlist the help and co-operation of all those 
who are concerned with technical knowledge—from the 
universities, technical colleges and trade schools to the 
welding superintendent in the factory. In particular, 
we want to work hand-in-hand with the British Welding 
Research Association. 

Unlike most other engineering institutions, we have 
a class of membership, the associateship, which is open 
to craftsmen, and in the revised regulations we give 
recognition to those who show themselves keen enough 
to acquire a training in theory. The hope is often 
expressed that in course of time the associateship will 
give status to those who hold it, and will serve to 
guarantee their competence as craftsmen. I share 
that hope, and welcome the interest in the problem 
shown by an offer, now under consideration by the 
Council, to finance a specia] competition in practical 
welding, open to associates of the Institute. Another 
suggestion is that the Institute should sponsor a series 
of pamphlets or leaflets—somewhat on the lines of those 
issued during the war by the Advisory Service on 
Welding, but designed expressly to interest and inform 
the practising welder. These are all useful ideas, 
which will not be overlooked by the Council. 

It is the Institute’s part to stretch out its hands to 
all those who are concerned with welding in any way, 
and to forge strong links with all associated bodies. 
We welcome the increasing tendency of bodies, official 
and unofficial, to seek the assistance of the Institute on 
technical matters, and we are already working in close 
friendship with many of them on such questions as 
standardisation, the classification of arc-welding elec- 
trodes, the regulations for the safety and health of 
welders, the drafting of codes of practice, and the com- 
pilation of a dictionary of welding terms. Here are 
great opportunities of ensuring that welding shall play 
its appropriate Es in production and shall secure due 
recognition in the vast and complicated framework of 
laws and regulations, directions and recommendations, 
by which the modern State seeks to promote the well- 
being of industry. I would urge the need for a vision 
even wider and more far-reaching; that we should 
seek through our Institute to reach out to our fellow 
welding engineers throughout and beyond the British 
Commonwealth of Nations, so that the exchange of 
knowledge and experience may be on a world-wide 
basis. We have already laid the foundations upon 
which a greater structure may be reared ; the Institute 
has built up, and is building up, the friendliest relations 
with our opposite numbers in Australia, New Zealand, 
and Canada, in the United States of America, in the 
Argentine and, as we were reminded in this place only 
a year ago, in France, Belgium and Holland. We must 
draw closer the ties which exist and we must seek to 
make them where there are none as yet. 





* Presidential address to the Institute of Welding, 
delivered in London on Wednesday, October 2, 1946. 
Abridged. 
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RESEARCH ON WELDING IN THE 
UNITED STATES.* 


By A. C. WEIGEL. 


Ir is a pleasure to appear before your Institute 
as an Official member of the American Welding Society. 
Both the American and British organisations belong 
to what may be called junior technical societies, but, 
although welding is a new art, it has advanced more 
rapidly than has any art of which I know. During 
World War I, welding was used to a limited extent. 
World War II could not have been won in any reason- 
able time without the use of welding. Both countries 
can be proud of the fact that they were leaders in the 
development of the art; in fact, the first coated rod 
that I ever saw was a British-manufactured rod. The 
American Welding Society was established in 1919, 
with Dr. Comfort A. Adams as the first President, 
and about 300 members. Our membership at June 
this year consisted of 7,808 members. The work of 
the society is divided among a number of committees 
which have developed standards and codes for industry, 
and various methods of application. The society has in 
existence many codes and standards which are accepted 
as authority, as well as additional codes which have 
been prepared in conjunction with other organisations. 
Many of the codes adopted by the society have been 
made mandatory by legislative action in various States 
and by Government departments and others. The 
Society is a growing force for educational work in 
the welding industry. For many years—and I expect 
that this same thing applies in the British Isles— 
our young men in colleges have been learning how 
to join material by riveting and bolting, with nothing 
more or less than a statement in their handbooks to 
the effect that welding can also be used ; no informa- 
tion is given on the fact that the geometry of design 
must be changed to do a satisfactory job by welding. 
No information is given as to the advantages and safety 
of welded structures that can be ensured by radiography 
and by subsequent heat treatments. Our Educational 
Committee are now furnishing information to the 
authors and publishers of machine design, structures 
and other technical books used in colleges. We are 
anxious that the young men coming out of our 
technical institutions should know more of the art of 
welding, which has become the almost universal 
method of joining materials in America. 

Many of us feel that the most important work 
being carried on in conjunction with the American 
Welding Society is the work of the Welding Research 
Council of the Engineering Foundation. Undoubtedly, 
the greater portion of welding research work carried 
on in the United States is done under the auspices of 
private corporations and essentially for their own 
benefit. Nevertheless, most of the progressive firms 
in the United States have learned from experience that, 
as soon as a piece of research reaches completion it 
pays to divulge the information fully in the form of 
technical papers before appropriate engineering and 
scientific societies. For the most part, this research 
work is done to improve materials, methods of fabri- 
cation, and end products, or to overcome difficulties 
and to achieve lower costs. The Welding Research 
Council, and the American Welding Society, through 
standardisation and other activities, have encouraged 
the prompt and broad dissemination of this informa- 
tion. Some of these researches are undertaken as ye 
of committee assignments on the part of the staff of 
these companies. 

During the war, various Governmental agencies, 
notably, the National Defense Research Committee 
and the Office of Scientific Research and Development, 
through the War Metallurgy Committee, conducted 
research on many phases of welding which probably 
amounted to several million dollars. For the most 
part, these activities centred round the solution of 
immediate war problems ; for example, approximately 
half of the estimated total spent on welding research 
through the war years was concerned with researches 
dealing with the problem of fractured plates and 
welded ships. A great dea] of research work dealt 
with the welding ft weds plate, tanks, ships, planes, 
and the welding of ordnance material generally. A 
number of the investigations were concerned with the 
development of special electrodes in order to economise 
in strategic materials. With the cessation of hostilities, 
most of the Governmental research in the welding field 
came to an end. A notable exception is the work 
relating to ship construction. Here, the United States 
Navy, the Maritime Commission, the United States 
Coast Guard and the American Bureau of Shipping 
have combined to continue such investigations under 
the auspices of the National Research Council. The 
welding industry is deeply indebted to the various 
Governmental agencies for the research work con- 
ducted in the welding field. In a number of instances 
these agencies have taken projects initiated by the 





* Address given at a meeting of the Institute of Weld- 
ing held in London on October 2, 1946. 
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Welding Research Council and advanced them on a 
large and rapid scale. They have also initiated a 
number of fundamental research projects which, if 
successfully completed, will be of considerable benefit. 

Co-operative research in the welding field in the 
United States before the war was largely conducted 
under the auspices of the Welding Research Council. 
The Council, in effect, is a committee of research- 
minded executives appointed by the Engineering 
Foundation for the purpose of stimulating and con- 
ducting research in the welding field, the dissemination 
of welding research information and co-operation with 
similar bodies in foreign countries. The Welding 
Research Council is sponsored by the American Welding 
Society, the American Society of Mechanical Engi- 
neers, the American Institute of Electrical Engineers, 
the American Society of Civil Engineers, and the 
American Institute of Mining and Metallurgical Engi- 
neers. Actually, therefore, it is the welding research 
organisation of the engineering societies of the United 
States. The growth of the Council has been impressive. 
It started with an initial grant of 7,000 dols. from the 
Engineering Foundation. The budget has grown 
steadily and for several years past has been of the 
order of 250,000 dols. annually, though the greatest 
portion of these contributed funds has been earmarked 
for specific research projects. The policy of the Council 
is quite simple. First of all, it believes in the stimulation 
of welding research by others. Mention has been made 
of company-sponsored research. However, one of the 
most important stimulating tasks undertaken by the 
Council is in the matter of inducing the different univer- 
sities of this country to undertake welding research. 
This is done under the auspices of a special committee 
of the Council known as the University Research 
Committee. 

Each year the University Research Committee com- 
pile a list of problems needing solution, with some 
attempts at their formulation. Ifa university becomes 
interested in any specific problem, the committee 
assist in further formulation of the problems, in supply- 
ing bibliographies, specimens as may be needed, and 
smal] grants-in-aid. When sufficient interest and 

rogress is indicated, the committee might establish 
ellowships at the university for a continuation of the 
work on a much more rapid scale. All in all, the 
University Research Committee have interested some 
30 universities to carry out research work in the 
welding field. The by-product of this particular 
stimulation, however, is probably more important to 
the welding industry than the actual results them- 
selves ; professors and students become interested in 
welding research matters, and industry obtains a 
needed supply of carefully trained young men. It 
was fortunate, from the viewpoint of the war effort, 
that the Council established these contacts and pro- 
vided Government agencies with laboratories equipped 
and trained in the welding research field. 

Research work, to be of any value, must be utilised 
by industry. The first task is to disseminate the 
information promptly and widely. This has been done 
with an arrangement with the American Welding 
Society whereby a separate section of its monthly 
Welding Journal is given over to the Welding Research 
Council and is known as the Welding Research Supple- 
ment. Some of the best papers presented before the 
American Welding Society are those coming from the 
different research workers of the Council. Although at 
first most of the investigations were aimed at furnishing 
engineering and design data badly needed by code- 
making bodies of either the American Welding Society 
or other engineering societies, the trend has been 
decidedly towards fundamental research. Twoexamples 
will serve to bring out the reason for this trend. 

Firstly, the American Welding Society Bridge Com- 
mittee, in drawing up their specifications, found it 
necessary to limit the carbon and manganese content 
of the steel used in bridge construction to 0-25 per 
cent. carbon and 1 per cent. manganese. Immediately, 
there was objection on the part of the steel industry, 
and an investigation was started over a whole range of 
carbon and manganese contents in plain carbon steels. 
They determined the metallurgical changes in the 
steel with a given speed of welding and a given parent 
metal. After the preliminary work was done on a 
selected number of steels and thicknesses, it became 
apparent that a much more fundamental approach 
would be needed if we were to cover all the combina- 
tions and types of steels that would be used in welded 
construction. Developments proved that the use of the 
Jominy test and the slow notch test can cover the require- 
ments, Secondly, during the war we experienced quite a 
number of cracked plates in ship construction and the 
failure of severai ships which had been welded. Similar 
failures occurred in other field-erected structures, 
notably large gas holders. The simplest explanation 
offered was that these failures were due largely to 
residual welding stresses. An enormous amount of 
investigations were started under Government auspices 
for the measurement of local residual welding stresses 
with attempts at the control of these stresses. It 











soon became apparent that almost any fusion-welded 
joint would produce loca] residual welding stresses up 
to the yield point of the material. The investigations 
then centred around what happened to these residual 
stresses in service. From laboratory tests it has not 
been possible to discover any difference in behaviour of 
a welded structure with or without these local residual 
stresses under ordinary service conditions. There is 
still some uncertainty as to the effects of these local 
residual stresses on corrosion, and under impact at 
very low temperatures. In large structures the more 
genera] residual stresses, referred to as “ reaction 
stresses,” are believed to be instrumental in aiding the 
progress of a crack once started. It is well known that 
structures which have been given a thermal stress- 
relieving treatment behave better under service than 
structures which have not been so thermally treated. 
More fundamental work will have to be done to dis- 
cover whether this improvement is brought about 
through the elimination of gases, such as hydrogen and 
oxygen, improvement in metallurgical structures, or to 
the reduction of the residual stresses as formerly 
believed. 

In any event, welding does give a more rigid structure 
than a riveted joint. This will necessitate a great deal 
of fundamental research centred round the flow and 
fracture of metals at ordinary temperatures and at 
low winter temperatures. It is believed by many 
that the quality of steel is one of the most important 
factors to be considered in all this work. More and 
more attention is being paid to the necessity for careful 
design and good workmanship. It is firmly believed 
that this research. work will result eventually in 
improvement of steel specifications and in the quality 
of steel generaily. For important structures, such as 
bridges, it may well be that special steels or heat 
treatments will be called for. One of the latest addi- 
tions to the committees of the Welding Research 
Council has been the Pressure Vessel Research Com- 
mittee. Work in this field will start on the annual 
basis of 75,000 dols. The work has been divided into 
four divisions, namely, materials, design, fabrication 
and testing and inspection. Other large projects of 
the Council include resistance-welding research, fatigue 
testing, and structural investigation. It would take 
too much time even to mention all the researches 
coming under these committees. The Welding Research 
Council, from the very beginning, has maintained close 
relationship with a similar body in Great Britain. The 
Council sends each month 150 copies of its monthly 
research bulletin which is distributed by the British 
Welding Research Association. Similarly, the last- 
named body sends a number of copies of its publication 
to the Welding Research Council in the United States. 
This exchange of information has been of the greatest 
assistance to both countries. 

In spite of the large volume of research work that 
has been carried out in the last decade, a great deal 
remains to be done. The flow and fracture of metals 
is not yet understood. Current researches in the field 
of non-destructive tests for welds will bear fruit and 
will benefit the entire metal fabricating industry. 
Improved steels, heat treatments, and similarly 
improved methods of welding are something that we 
may confidently expect as a result of additional 
research work. The members of the American Welding 
Society wish to thank you very much for the oppor- 
tunity to appear before you and hope that your 
Institute will continue to send more representatives to 
our annual meetings and that some of our representa- 
tives can participate in your meetings. We have 
common problems, and, in securing the proper results, 
I feel that co-operation is essential. 





IRON AND STEEL INSTITUTE ENGINEERS’ GROUP.— 
The first meeting of the Iron and Steel Engineers’ Group 
of the Iron and Steel Institute will be held at the offices 
of the Institute, 4, Grosvenor-gardens, London, 8.W.1, 
on Wednesday, October 16. Itis not proposed to arrange 
for papers to be presented, but several persons have 
agreed to open discussions by short talks on specific 
subjects; thereafter the discussions will be open and 
informal. A report of the meeting will be published in 
the Journal of the Iron and Steel Institute. In the 
morning of October 16, from 10 a.m. until 12.45 p.m., 
the discussions will be on “ Steelworks Locomotives— 
Diesel versus Steam.” Mr. G. R. Walshaw, of the 
Appleby-Frodingham Steel Company, Limited, will deal 
with steam locomotives; Mr. C. C. H. Wade, of English 
Electric Company, Limited, with Diesel-electric locomo- 
tives; and Mr. J. Alcock, of the Hunslet Engine Com- 
pany, Limited, with Diesel-mechanical locomotives. In 
the afternoon, from 2.15 until 5 p.m., there will be a 
discussion on “A.C. and D.C. Drive for Steelworks 
Cranes and Ore Bridges.”” Mr. L. Rothera, of Messrs. 
Colvilles, Limited, will deal with the subject from the 
user’s point of view, Mr. R. West, of the Igranic Electric 
Company, Limited, from the maker’s point of view, and 
Mr. J. Parker, of Messrs. McLellan and Partners, Limited, 
will deal with Ward-Leonard control. 
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MECHANICAL PRINCIPLES OF THE 
SCREW EXTRUSION MACHINE.* 


By Z. Rogowskxy, B.Sc. (Eng.), S.I.Mech.E. 


A numBsr of screw extrusion machines of the same 
general type but varying in detail are available to 
extruders of sleeving and tubing, and to cable manu- 
facturers for cable and wire covering. Many of the 
details vary only as a result of the mh of 
individual manufacturers but, to obtain the best results, 
allowance must be made for the fundamental differences 
in the behaviour of the extruded materials, of which 
tubber, polyvinyl-chloride compositions, polythene, or 
cellulose acetate, are typical examples. Although an 
extrusion machine designed for use with rubber may be 
used without alteration to process polyvinyl-chloride 
compositions, the quality and rate of extrusion of these 
latter compositions can be considerably improved by 
modifying the design of the machine to suit the charac- 
teristics of each material. The design of available 
extrusion machines varies to such an extent that it is 
felt that the mechanical principles of this type of 
machine are not generally understood, and this pa 
has been prepared in order to elucidate these principles. 
Though the arguments it contains are somewhat specu- 
lative in detail, the results show good general agreement 
with observed behaviour. 

The following description of the extruder shown in 
Fig. 1 will be sufficient for the purposes of this paper. 
Plastic material is introduced into a heated barrel in 
a molten state, or in the form of strip or chip, and 
conveyed along the barrel by means of a rotating 
screw. ing this process the plastic (if fed in cold) 
is masticated under pressure and brought to the con- 
sistency of a more or less homogeneous mass. The 
material then passes through a die chamber and out 
from the die in the required shape and state. The main 
components of the machine are, therefore: the drive a, 
including motor and reduction gearing; the hopper, 
the roller feed 6, or strip-feeding device ; the barrel c, 
heated by means of circulating oil or steam, or electric- 
heating elements, and the sleeve d, in which the screw e 
rotates ; the head f, and the die chamber g between 
the screw and the die h. The wire passes through a 
wire guide, j, which is surrounded by a baffle plate, k, 
and is centred by two screws, J, and terminates in a 
‘torpedo point” m. The die h is inserted in a die- 
holder n. A bleed-off cock, o, is screwed into the head 
above the baffle plate. Various accessories, such as 
auxiliary heating or cooling devices, air-inflation equip- 
ment, splitting or sealing devices, etc., are added 
according to the particular job to be done. Extruders 
are normally available with a screw diameter varying 
from 1 in. to 8 or 10 in. 

Valuable information on the behaviour of the 





* Paper presented to the Institution of Mechanical 
Engineers for discussion in writing. Abridged. Contri- 
butions should be received at the Institution not later 
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extruder can be obtained from a dimensional analysis 
of the extrusion process without any account being 


taken of particular differences in design. For this 
purpose, a series of extrusion machines, identical in 
geometrical detail except for scale, is considered. Any 
particular machine would then be characterised by the 
dimension of any selected part, such as the screw 
diameter D. Corresponding to a particular tempera- 
ture of operation, the plastic in the machine has a 
viscosity p, and the pressure developed in the die 
chamber is p, corresponding to an extrusion rate of 
q cubic units per minute. The relation between p, D, u 
and q may be expressed in the form of a dimensionally 
homogeneous power series of the type 


p == (Ag pY D* N”) 


where N is the speed of rotation of the screw and A is 
a dimensionless constant. The following are the 
M 


dimensions of the units involved: p, Lr? * pp 
L? 
D,L;N, 3 ;@, T 


For the purpose of this analysis it is not necessary 
to enter into a lengthy discussion as to the existence 
or otherwise of yield points, the difference between 
differential and apparent viscosities and the like. 
Viscosity will be defined as “‘ the ratio of shear stress 
to rate of shear,” and a plastic material as ‘“ one which 
shows no appreciable flow below a certain finite stress.’ 
A viscous fluid (or simply fluid) will be understood to 
show appreciable flow at all stresses. It should be 
noted that no account of density has been taken in this 
investigation. The density can usually be omitted in 
such considerations when the speed at which the 
material advances is slow and the viscosity is high. 

Since the power series must be dimensionally identical 
to p, it follows that 


L?)7; M)\¥ 1\w 
. =(¥) {er}; ¥(z) 
giving 
y=1 
382—y+z2=-—1 
z+y+w=2 
from which the values are obtained 
z=—5, y=1, w=1+5. 


The power series may therefore be written as 
ed ND \3 _ a 
p=»NEA(-— y' uN ®( Ds) (1) 
The function ® may be determined by consideration 
of the limiting cases. With the die fully closed, 
ye = pN ® (0) so that, if p is to have a finite value, 


(0) = K, or pa uN, a fact that does not appear to 
be generally realised. When the die is fully or partly 


open, P is a constant, all other conditions remaining 





than October 31, 1946. 





pN 


MACHINE. 
‘Ayg.2. 























| [|_| 
Be a | 



































oOo 


™ 50 100 
(ce74.8) Temperature...Deg.C. 


steady. Hence @ is a constant, so that necessarily 
qxN D*. 

If the analysis is carried a step farther and applied 
to the movement of plastic between the die chamber and 
die, the pressure can be expressed as a function of D, 
w, and g only. The relation is found to be 

p=Kk, ia cies ct, ae 

It must again be stressed that these conclusions are 
drawn for an assumption of geometrical similarity. 
Consequently, any practical attempt to study ® with 
the use of the one machine only must be carried out by 
varying N and yz (i.e., the temperature). Variation of 
q by means of a bleed.< off cock will destroy the condition 
of geometrical similarity. 

An estimate of the size of motor necessary to drive 
an extrusion machine may be obtained from a dimen- 
sional study of the EB yong involved. The variables 
entering into this would be pz N, D, q, and P the power, 


In the same way as 
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the dimension of which are 7 
that given above, is obtained the equation, 


= »N? mS 
P= pNP DL (x i) 
where the function { is not necessarily identical with 


® in expression (1); and from the same considerations 
about discharge, 


(4) 


P=K,pND. . (5) 


An experimental determination of K, on a given 
machine will enable an estimate of the power necessary 
to drive another machine of the same geometrical shape 
to be made if the ~ we at which it is to operate is 
known. To cover all contingencies, the first experi- 
mental determination of power should be made with a 
maximum resistance to discharge ; that is, with a closed 
die. 

These conclusions are so important that it is con- 
sidered of value to repeat them without proof or 
deduction ; for a given machine or range of identical 
machines operating at a viscosity p, 

pepN; qa ND*; andPo pN?D*. 

In the ideal case of a plastic (that is, possessing a 
certain stress below which there is no flow), the forward 
motion along the screw may be likened to the forward 
motion of a nut on a rotating screw when the nut is 
constrained so that it cannot rotate (for example, if 
the nut is held in a long chamber of hexagonal section). 
In practice, this means that the tendency of the plastic 
to stick (the measure of which is the coefficient of 
friction) at the surface of the screw should be smaller 
than the tendency to stick at the sleeve. The way 
in which the coefficient of friction of polyvinyl-chloride 
composition (TW-grade *“Welvic”) on steel varies 
with temperature is shown in Fig. 2, herewith. It is 
generally conceded that polyvinyl chloride does, in 
fact, behave as a plastic, so that it is not surprising that 
there is a rapid fall in the discharge of an extruder 
processing this material if the screw temperature is 
allowed to rise unduly. That relatively few machines 
are equipped with temperature- vontroltiny devices on 
the screw is an indication of the early state of the art 
of extrusion. 
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When a material is more truly viscous (as with 
“ Alkathene ” of grades 20 or 7), the sleeve can only 
prevent the materia] near it from rotating with the 
screw, so that the material near the sleeve advances more 
rapidly along the screw than does the material near the 
axis, the latter tending to be carried round by the screw. 
The action is not therefore ag positive as the above 
analogy allows us to suppose. Using the “nut” 
analogy for a plastic material, it will be seen that the 
full volume of one pitch of the thread is discharged into 
the die-chamber with every revolution of the screw. 
With viscous materials, this discharge is rather smaller. 
The approximate velocity distribution across the section 
of a rectangular thread with open discharge is given in 
Fig. 3, and with closed discharge, in Fig. 4, opposite. 

Material is often fed into the extruder in the form 
of a powder or chips. As the material moves along 
the screw, its temperature and the pressure to which 
it is subjected both rise, and the powder tends to become 
progressively more compact; that is, its volume per 
unit weight decreases. It will be shown later that the 
effective length of screw—or in other words, the length 
over which the thread is full—has a great bearing on 
the pressure developed, the longer screws discharging 
at greater pressures than the short ones. It is impor- 
tant, therefore, to design the screw so that it may 
become full as soon as possible after the feed, for a 
reduced pressure and consequently a reduced delivery 
rate is to be expected unless a screw is designed so as 
to allow for this packing effect. The quality of the 
extrusion may also suffer if the pressure is insufficient 
for the proper masticating and packing. 

The way in which packing is often promoted is to 
decrease the pitch az  sybryl or in steps along the 
length of the screw. is need not be the only method, 
and it is believed that any of the following alternatives 
are either more efficient or easier to apply in manufac- 
ture. (1) The axial thickness of the metal screw thread 
is increased continuously. Thisis easily done by cutting 
the leading edge of the thread at a pitch greater than 
that of the trailing edge. (2) The height of the thread 
is decreased by maintaining a constant core diameter, 
but progressively diminishing the overall diameter. 
This would necessitate the running of the screw in a 
tapered sleeve, and involve considerable additional 
complication to allow for axial adjustment. (3) The 
height of the thread is continuously diminished by 
maintaining the overall diameter constant and increasing 
the core diameter. 

In any of the four alternatives presented, the con- 
dition to be fulfilled is that the volume per turn at the 
beginning and end of the screw shall be inversely 
proportional to 8 and p, the bulk densities of the 
material in its condition “ as fed ” and (taking thermal 
expansion into account) its final form, respectively. 











gona) Biodergelials amar 
This proportion should be slightly modified in practice 
in ae to compensate for the observed fact that the 
first turn is rarely full. It will be noted that, in 


general, the ratio B is not the same for all materials 


or for one material in its various forms ; in consequence, 
a screw of maximum efficiency in one case may be 
rather mediocre in another. 

There is reason to believe that (3), above, will produce 
the best results, for, as the core diameter increases, the 
material approaches the sleeve and a more uniform 
heating is promoted. The avoidance of cold lumps is 
a question of eminent importance in extrusion, and this 
often necessitates the use of expedients such as filters 
(or breaker plates) which improve the quality of the 
extrusion but, at the same time, tend to reduce delivery. 


In addition, the function f () plotted in Fig. 5, 


herewith, will increase with pitch as the depth a de- 
creases, allowing an even greater starting pitch and 
increased delivery. 
“‘ Open discharge ” is defined, for the present pur- 
pose, as the rate of discharge of the screw against a zero 
ure, that is, without a die. Its value may be 
estimated by means of either of two expressions, the 
choice between which depends on whether the material 
extruded can be considered as a plastic or a fluid. In 
the first case, that of a plastic, the “nut” analogy 
applies and can be shown by result in the expression 


N 


where D,, is the diameter to the centroid of the portion 
of the screw filled with pastic, « the area between two 
threads, A the lead = n x pitch, n the number of 
starts of the thread, and N the rotational speed of the 
screw in revolutions per minute. This expression 
applies to feed conditions. It will be seen that, for a 
single-start thread, both « and A increase with pitch, 
so that for a rectangular thread the open discharge 
increases rather more than if it were in simple propor- 
tion to the pitch. Furthermore, a double-start thread 
of the same pitch (twice the lead) will discharge more 
than a single-start thread of the same lead. 

If the material is to be considered a fluid, then the 


{= Ena Ve Dat a a 


open discharge is expressed by 
2D 3 b 
£ = 3 x Ses 07 (2) * ei 


where ais the width between threads, b the depth of the 





* The derivation of this function is given in an appen- 
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thread, f 4 the function plotted in Fig. 5, D the dia- 


meter of the sleeve, and @ the helix angle of the thread, 
When @ is small, which is normally the case, cos @ = 1, 
and this value will be used in all further calculations. 
When the nozzle of the die of an extrusion machine 
is closed, the pressure in the die chamber rises until a 
state of equilibrium is reached, in which the rate the 
material is discharged from the screw into the die 
chamber will be equa] to the rate at which the material 
is forced back within the space between the screw and 
sleeve. If the thread is assumed to be rectangular, 
the rate of discharge of a fluid within the thread and 
along its helix may be estimated by means of the 
expression 
apy Pp 
= ——~ * toasth fiona’ © 
where p is the pressure in the die chamber, pu the vis- 
cosity of the fluid, and y a function of the ratio : 


plotted in Fig. 6, herewith. The length of thread, in 
terms of the effective length of the screw, will be written 


ne 
as n/) +(*2) . The ratio 7 is usually 


slightly greater than unity. The flow-back through 
the clearance between the screw and sleeve is given by 
di gf. 5¢ BE 
~“e*™ * 3, 
where c is the clearance. This term, however, is nor- 
mally small. Neglecting the flow-back through the 
clearance, the state of equilibrium is therefore reached 
when 
q=u - H ° - (9) 

or, for a fluid 


2ND_ a? /b\ __ atbty p 
thease x St(;) = ne ee a 


f 2 ‘ 2Dea/1 + (=). wa 
Y 


nll 5aB 
Consider, as an example, the extrusion of “ Alka- 
thene ”’ (grade 20) by a 1}-in. (screw diameter) machine 
for which the following apply :— 








Effective length... 1 = 9in. 

Width of thread a = 0-5in. 

Depth of thread b = 0:25in. 

Mean diameter ... Dm = 1in. 

Lead om A = 0-625 in. 

Speed... one N = 72 r.p.m. = 1-2 r.p.s. 


For “ Alkathene 20 ” (using molten feed, in which case 
1), the viscosity at 170 deg. C. (338 deg. F.) is 
3 x 10 poises, and from Figs. 6 and 5, respectively, 
A = 0-03 andf (:) = 0-75. Therefore 


3x 19 x O75, 2X 125 x 9 
p= 9x I” X 9.03 * 16a x0-0625 


1-125 x 10’ dynes per sq. cm. 
= 162-5 lb. per sq. in. 

The calculation of the maximum extrusion pressure 
is useful for a number of reasons, among which are the 
calculation of the thrust of the screw and the size of the 
thrust bearings, the power required, and the size of the 
head castings. The maximum power consumption, of 
course, wil] be the product of the pressure and the open 
discharge, and will vary directly with the viscosity, 
which must be very carefully considered. Recent im- 
provements in the extrusion machine in America show 
promise. According to the brief descriptions published, 
flow-back is either completely stopped, or considerably 
reduced, by the introduction of “pressure baffles ” 
directly after the feed hopper, meshing closely with the 
screw. Whether or not this improvement actually 
means the final solution of the gece of the extruder, 
allowing the maximum rate of discharge at the mini- 
mum power, remains to be seen. 

In the case of a multi-start thread, both the open 
discharge and the resistance to flow-back will differ 
from that for a single-start thread, This results in a 
change in the closed-discharge pressure. Rewriting 
expression (10) for the case of a double-start thread, for 











example, 
2 
u() som/is 
p= ng x woe + N (11) 


the factor 2 in the numerator and denominator arising 





from the fact that there are two channels. It will be 
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seen that, if the dimensions @ and 6 of the thread are 
the same in both single-start and double-start threads, 
the only factor which changes is A, this being twice 
as much for the latter as for the former. Hence the 
closed-discharge pressure is approximately twice as 
great for the single-start thread as for the double-start 
thread of the same pitch. This neglects the variations 
in cos 6, which are not considerable. 
It will be appreciated that the pressures calculated 
above are the maximum pressures that can be developed 
in the die chamber. Under ordinary extrusion condi- 
tions, equilibrium of pressure will be reached before it 
reaches this value, when the open discharge equals 
sum of the flow-back and discharge through the die. 
For such a condition, for a given machine, 
A=Bp+Cp@... - (12) 
where d is the die diameter for any given machine and 
temperature condition, and A, B, and C are constants, 
Hence we obtain 








P= 5708 ~izee «+ 8) 
Similarly, and since 
Ix. =K, pd’, ° . (2 bis) 
2 
we have ais 
foot 2 A, 
P1408" 1 : 
att: 


It will be observed that A, is the open discharge of a 
machine, and A, the closed-discharge pressure. 

Reference has been made to a machine of 1} in. dia- 
meter screw. The industries using extrusion machines 
normally define their machines in this fashion, and they 
appear to appreciate its capabilities from this unique 
description. If they truly do so, it is probably only 
because they have used machines of very similar types, 
designed (or, by some chance, able) to do all jobs with 
a measure of success. It is obvious that such a state of 
affairs is very unsatisfactory, and an appeal is therefore 
made to manufacturers of extruders for a more 
thorough rating of their machines. This appeal is also 
directed to the users of extrusion machines, to ascertain 
that the design they are preparing to buy will actually 
fulfil their requirements, 

A consideration of the foregoing discussion will show 
that a few simple experiments can determine the be- 
haviour of an extruder under a variety of conditions. 
Thus, eliminating d between (13) and (14), for example, 


we obtain 
Ais A, P 
=(1 _ zB) e A ae 


This relation is linear between p and q and therefore 
requires only two points for its complete determination. 
The required data can therefore be chosen (i) at p = 0 
(open discharge), and (ii) g = 0 (closed-discharge pres- 
sure). This latter may be measured, say, for an oil of 
known viscosity and converted to the viscosity of the 
material in question by means of (1). In selecting a 
machine for a specific purpose by the study of its p — q 
characteristic, a certain amount of caution must be 
observed. It should be noted, for instance, that the 
same characteristics will not be obtained for hot and 
cold feed, the latter showing a characteristic always 
lower than that of the former, as in Fig. 7, page 359. 
The temperature, or viscosity of the plastic, should be 
always clearly stated and kept constantly in mind. 

Suppose, as an example, the characteristics for two 
machines were given as in Fig. 8, page 359. The 
machine with characteristic (a2) would be useful in a 
film-making plant where the film thickness was not too 
great. Economically, such a machine could be built 
with a short screw of large diameter and a fine pitch— 
two-start or possibly three-start—and run at a high 
speed. The rate of fall of pressure with discharge 
would be smaller as the screw | was increased. 
The machine with characteristic (b) would be more use- 
ful in a plant designed for extrusion moulding and 
would be obtained from a machine with a longer screw 
and heavier pitch. 





BRITISH HOSIERY-MACHINERY INDUSTRY.—According 
to the report of the Hosiery Working Party, published 
recently, the British hosiery-machinery industry com- 
prises less than 20 firms with under 4,000 employees. 
Technical co-operation between the firms and with the 
hosiery industry is slight. A substantial amount of 
machinery was exported before the war (46 per cent. 
of the ouput in 1938). Imports of machinery were 
also considerable (39 per cent. of the value of British 
production in 1938). The total orders accepted for 
delivery in 1946 and 1947 are valued at 5,400,0001., 
but the output during those two years is unlikely to 
exceed 4,000,0002. At the end of 1947, the outstanding 
home orders may be about 680,0007. It is recommended 
that to fill this gap the Government should facilitate the 
importation of machinery. Ancillary machinery should 
be obtained from America. 
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AERONAUTICS. 


578,978. Aircraft. Miles Aircraft, Limited, of Reading, 
and G. H. Miles, of Reading. (3 Figs.) April 27, 1943.— 
The invention is an aircraft of the tandem-wing type. 
The fuselage includes an engine bay at its after end, 
the engine driving a pusher airscrew 9. The whole of 
the fuselage forward of the engine bay is left available 
for the accommodation of the crew and disposable load. 
The rear wing structure 10 is of greater area than the 
forward wing structure 11. Both edges of the rear wing 
structure are swept back and at its tips are mounted fin 
and rudder units 12. The leading edges of the forward 
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wing structure are straight and the trailing edges are 
swept forward and carry the elevators 13. The rear 
wing structure is of the low-wing type, while the forward 
wing structure is of the high-wing type. The invention 
provides a compact aircraft for a given wing area. Owing 
to the sweep-back of the rear wing structure, the fins 
and rudders are well aft of the centre of gravity and are 
therefore fully effective. The rudders are differentially 
controlled, moving out more than in, so as to produce a 
drag effect to augment the yawing moment. (Accepted 
July 18, 1946.) 


579,316. Cooling of Gas-Turbine Blades. Metropolitan- 
Vickers Electrical Company, Limited, of London, H. Con- 
stant, of South Farnborough, and D. M. Smith, of Man- 
chester. (3 Figs.) May 7, 1941.—Troubles arise in axial- 
flow turbines and compressors due to the high temperature 
at, which the blades operate. The invention provides a 
cooling system for such blades when they are fixed in 
serrated grooves formed longitudinally in the rotor drum. 
Each blade is secured in a groove in the rotor drum 3, 
the sides of the groove and the root of the blade being 
serrated. Spacers are provided between each blade so 
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as to divide the severalrows. The under side of the roots 
are recessed to provide a longitudinal duct 6 in the rotor 3, 
and the spacers in the grooves between the blades are 
similarly recessed. The stator 7 carries a row of guide 
blading 8. The continuous duct 6 is fed with cooling air 
taken from the discharge end of the air compressor of the 
gas turbine. This air is guided by a member 10 into the 
duct where it cools the blades while passing along the 
rotor drum. The rotor drum is not weakened by having 


SHIPS AND NAUTICAL APPLIANCES. 

578,219. Under-Water Lamp. Under-Water Welders 
and Repairers, Limited, of London, and R. H. Boot, of 
London. (3 Figs.) November 22, 1944.—An ordinary 
lamp in a water-tight case has feeble penetrating power 
in the turbid water produced by a diver’s operations, 
partly owing to glare. The invention is an under-water 
lamp in a watertight case has feeble penetrating power 
A cylindrical casing 1, strong enough to resist the pressure 
of sea water at the depths at which the diver is to work, 
is closed by end plates 5 and 6. In the casing, a shelf 8 
carries the sockets for a meroury-vapourlamp. The lamp 
is mounted in a metal case 10 having an aperture 11 on 
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one side, facing the end plate 6 of the casing. In front 
of the aperture is an optical condenser 12, consisting 
of a pair of plano-convex lenses. In the end plate 6, 
in line with the condenser, is a window 15 of “ Pyrex ” 
glass. The supply leads for the lamp are carried into 
the casing through a watertight gland 22 and connected 
to the electrical connections 23 of the sockets for the 
mercury-vapour lamp. A handle 24 and a pair of legs 25 
are secured to the outside of the casing. The casing is 
mounted on a hinged bracket arm, carried by a permanent 
magnet. The lamp can be used to find and inspect 
damage to ships under water, and can then be placed to 
illuminate a particular area by fixing the magnet to the 
hull of the ship. (Accepted June 19, 1946.) 


INTERNAL-COMBUSTION ENGINES. 


578,468. Exhaust Valve. Sir W. G. Armstrong 
Whitworth and Company (Engineers), Limited, of London, 
and J. J. Smith, of Slough. (4 Figs.) September 1, 
1944.—The invention is an exhaust valve for a two- 
stroke engine. It enables the point of closing of the 
valve to be varied without necessarily varying the point 
of opening. The exhaust port has two seatings closed 
by valves b, c. The outer valve c controls the closing 
of the port, and is made to open slowly and close quickly, 
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while the inner valve, which controls the opening of the 
port, opens quickly. The stem of the inner valve passes 
through the hollow stem of the outer valve and a com- 
pression spring d, between two abutments on the stems, 
holds the valves firmly op their seats. Separate cams 
operate the valve mechanisms and these are mounted 
on the camshaft so that the timing, relative to the engine 
crankshaft, may be varied. A separate valve-carrying 
bush ¢ in the cylinder head enables the outer valve to 
be placed in position from the top of the head. (Accepted 





cooling ducts cutinit. (Accepted July 31, 1946.) 








June 28, 1946.) 
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IMPROVED ELECTRONIC 
ENGINE INDICATOR. 


By A. H. B. Watxer, B.8c.(Hons.), 
A.C.G.I., D.1.C., A.M.1.E.E. 

To the designer and tester of engines and com- 
pressors, aM accurate and reliable indicator, or 
device for recording pressure-time curves, is essential, 

and many methods have been used in the attempt 
to produce a device which will meet in all 
the stringent requirements of modern research and 
testing practice. It is most improbable that the 
perfect indicator will ever be but it is 
worth while to consider what perfection implies. 

Although individual and specialised requirements 
cannot be included in such a summary of perform- 
ance, it may be stated broadly that the ideal indi- 
cator would have an infinite range of pressure 
sensitivity over an infinite frequency range; it 
would be mechanically robust and would respond 
to steady pressures; it would produce no disturb- 
ance of cylinder volume and would have no zero 
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drift ; it would be unaffected by vibration and by 
temperature variations, and would not respond to 
pressure applied to any point other than the 
diaphragm ; the connecting cable would not be 
critical or unduly limited in length, and changes 
in the cable would not upset the calibration, which 
would be absolutely constant; and finally, the 
instrument would be simple to operate and would 
produce a brilliant and steady diagram, easily 
photographed without special technique 

Phase ecto tho tyusiheed tah 40 plovide the wis 
frequency response capable of recording transient 
pressure changes lasting for only a few milliseconds, 
electronic methods must be used, and the most 
convenient form in which to present the information 
is to draw the diagram on the screen of a cathode-ray 
tube. Present cathode-ray tube technique is well 
developed, and very little trouble can arise in this 
portion of the equipment. The equipment there- 
fore becomes divided into.two sections; one 
section consists of the cathode-ray tube and its 
associated power supply and amplifier ; and the 
other section consists of the -sensitive 
element in its housing (hereinafter referred to as the 


this latter section of the equipment that the most 
troublesome problems arise, and in which there has 
been the greatest variation of method. 

The function of the first section of the indicator 
is to convert the pressure changes applied to the 
pressure-head into corresponding voltage changes 











which can then be passed on to the second section 
of the equipment and theré amplified and made 
visible on the screen. Four different principles 
have been used to provide this effect, these being 
(a) resistive ; (b) magnetic ; (c) piezo-electric ; and 
(d) capacitative. In the resistive type, the prin- 
ciple usually employed is the change of resistance 
of a block of carbon mixture when subjected to 
pressure, and the pressure is applied to this block 
from a diaphragm suitably located in the engine 
cylinder. If the carbon block is connected as one 
limb of a@ Wheatstone-bridge network, it can be 
arranged to throw the bridge out of balance to an 
extent dependent on the applied pressure, and thus 
produce an output voltage from the bridge which is 
proportional to the pressure in the cylinder. The 
main troubles with this type of element are that 
it is sensitive to vibration, is inconsisteat in cali- 
bration, and has a high temperature coefficient. 
Although the latter defect can be overcome to some 
extent by the use of double carbon elements, this 
system has been virtually abandoned. 

In the magnetic type, a pressure-sensitive dia- 


Fig.5. Double 
Cable 















Berthed). 


Capacity Modulator 


(@e77.8) 
Fig.7. 















8 eS 











Inner 













WY) 


RAE ARRAN AANA ANNAN AANA ANNA AARNE LENE SN NANA 


<< 
We 


SS 


ZZ 
SS 


SS 


Reertttlhescheccceethhbdge 
N NS 
SSS 


Glédsd) 





i= 
Vi 





phragm is used to vary the air-gap in & small 
magnetic circuit built into the pressure-head. The 
change of inductance or displacement of flux thus 
produced may be used to a “signal” 
voltage in the pressure-head amplifier which is 
proportional to the cylinder pressure. This method 
has the advantage of greater sensitivity over the 
resistive method, but it is not easy to extend the 
'y range sufficiently to ensure response to 
transient changes in the pressure wave. 

In the piezo-electric type, the property of certain 
crystals to generate voltages when subjected to 
mechanical deformation is used. Pressure is applied 
to the crystal from a diaphragm suitably placed in 
the cylinder, and if the diaphragm movement is 
directly proportional to the pressure, the deforma- 
tion of the crystal, and also the generated voltage, 
will be proportional to also. Thus the 
system is inherently linear, but it will not respond 
to steady The low-frequency cut-off 
point can be reduced in direct proportion to the care 














taken in insulating the system ; and theoretically, if 
the insulation were perfect and a steady pressure 
were applied, a steady charge would be built up on 
the crystal, and this could be seen as a steady deflec- 
tion on the screen (assuming that the amplifiers 
would respond to a steady signal). This perfect 
state of things cannot be achieved in practice, 
although it has been claimed that by using great 
care in insulation, the response can be relied upon 
down to a frequency of one cycle per second. This, 
however, is insufficient for steady calibration against 
pressure gauges, and will not give an “‘ atmospheric 
line ” on the screen. A further difficulty is that the 
capacity of the cable connecting the pressure head 
to the amplifier greatly reduces the voltage avail- 

able, and the cable must therefore be kept short. 

In the capacitative type of shead, the 
movement of the diaphragm is made to vary the 
capacity of a small condenser built into the head. 
This may be done by forming a condenser between 
the actual diaphragm and an insulated plate, or the 
movement of the centre of the diaphragm may be 
conveyed to a parallel-plate condenser separated 
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from the diaphragm. In this way a somewhat 
greater sensitivity is achieved at the expense of 
increased inertia. The change of capacity produced 
by pressure is made to generate a voltage propor- 
tional to the air pressure by various methods. The 
pressure-head capacity may be used as one element 
of a bridge circuit which is thrown out of balance 
by the diaphragm movement, or a steady direct or 
alternating potential may be applied to the head in 
such @ way as to produce the required signal. It is 
evident that in the capacity head, inertia may be 
reduced to a minimum, since the diaphragm itself 
may be the only moving part, and a steady response 
to steady pressures can be provided if the electrical 
problems involved can be overcome. 

Although perfection cannot be reached, the 
minimum requirements of an indicator for modern 
compressor research do not fall far short of it. 
These requirements are a pressure sensitivity from 
— 14 bb. to + 100 Ib. per square inch ; a frequency 
response from zero to about 4,000 cycles per second, 
and response to steady pressures for calibration 

. The connecting cable is not to be sensi- 
tive to deformation by bending or pressure, and 
must not be too limited in length. The overall 
calibration should be linear and should not be 
affected by temperature or supply-voltage changes, 
while the zero drift should not exceed 5 per cent. 
over short periods. The calibration must not be 
affected by vibration of the pressure head, and the 


. | temperature coefficient in the head must be kept 


small. The entire equipment should be mains- 
driven and preferably constructed double-channel 
throughout, in order that conditions in two cylinders 
may be observed simultaneously. The problem of 
the design of an indicator to fulfil all those require- 
ments is not easy, as many of the conditions are 
mutually conflicting. Undoubtedly the most diffi- 
cult inherent problem is the provision of “ zero- 
frequency,” or “‘ steady-pressure ” sensitivity at the 
pressure head, while at the same time providing a 

reasonable length of connecting cable to the amplifier 
which is not sensitive in itself to external pressure or 
bending. These difficulties will be dealt with in 

detail in the following section. 

It will be cléar from what has been said that in 
order to obtain the required performance it is neces- 
sary to employ a capacity-type pressure head. 
Once this decision has been made, the main problem 
of the capacity-type head has to be overcome. 
This is that the head must be connected to the 
amplifier by a screened cable, and it is at once 
obvious that the capacity of this cable will be many 
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times greater than the capacity of the pressure head, 
and thus will be enormously greater than the 
minute variations in the capacity of the head which 
represent the pressure-wave “signal” it is desired 
to record. For example, a 12-ft. length of low- 
capacity cable might have a capacity of about 
150 picafarads, compared with the incremental head 
capacity (under full pressure) of about 0-3 picafarad. 
This means that the output voltage from the head is, 
in effect, injected into a capacitative potentiometer 


0-3 
ratior=5.3 so that only about 0-002 of the head 


output is available at the amplifier. The most 
obvious way out of this difficulty lies in the use of a 
capacitative balance circuit, the fixed cable capacity 
being neutralised by the condenser in the amplifier, 
but this leads to further difficulties. In the first 
place, it is not possible to balance out the cable 
capacity accurately with a single variable pre-set 
condenser, since the cable presents a complex 
impedance to the amplifier input, and therefore, in 
order to obtain perfect balance, a bridge containing 
retin capacitative and resistive elements would 


be necessary. 

This complication is not in itself serious, but it is 
clear that the overall calibration would be greatly 
affected by very small percentage changes in any 
of the components comprising the bridge, whether 
due to time, temperature, or vibration ; in other 
words, by using such a sensitively balanced circuit, 
the “drift” problem inherent in carbon-resistance 
type pressure heads would have been re-introduced 
in a different form. However, a second problem 
arises if a balanced circuit of this type is used, and 
this is the great sensitivity to mechanical deforma- 
tion of the cable which inevitably results, whether 
this is due to direct external pressure, or twisting or 
bending. To return to the example used above, for 
instance, it is most probable that moving the cable 
about the floor of the test room would produce a 
change of at least 0-5 per cent. in its capacity, i.e., 
0-75 picafarad. This would then produce a signal 
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from the pressure head, completely swamping the 
readings being taken, and necessitating a rebalance 
of the circuit. As the cable has to lie on the floor 
in & compressor or engine test shop, it is not likely 
to remain completely undisturbed ; portions may 
become warmed owing to the proximity of hot 
motors, exhaust or air delivery pipes, thus causing 
drift in calibration ; while if the cable were acci- 
dentally trodden on, the result would be disastrous 
to the test in progress. These considerations 
evidently preclude the use of a balancing circuit or a 
tuned circuit to neutralise the cable capacity, if 
the equipment is to be reliable and constant in 
calibration. 

At this point it would be well to bear in mind that 
these troubles of the capacity-type head and its 
associated cable are unaffected by the type of 
polarising voltage used, whether this is continuous, 
medium frequency alternating, or very high fre- 
quency alternating. It is sometimes said that high- 
frequency polarisation of the head is the solution, 
but it is clear that this will not, of itself, overcome 
the trouble. . 

The amplifier to be used in conjunction with the 
pressure head presents several difficulties. In the 
first place, it must retain the steady component of 
the signal in order that overall calibration of the 
head, amplifier and cathode-ray tube, may be made 
with steady air pressures against standard gauges 
over the working range of pressure for the diaphragm 
in use. This is ne , first, in order to check 
overall linearity (proportionality of screen indication 
to pressure) throughout the working range; and 
secondly, in order to permit steady reference to an 
atmospheric line at any time. If the signal has to 
be handled by the amplifier in the form of fluctuating 
direct current, then the well-known problem of con- 
structing a stable direct-current amplifier arises. 
As very high magnification is required from the head 
to the cathode-ray tube, such a direct-current 
amplifier would be very elaborate, and it would not 
be easy to retain calibration free from drift. 
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of high-frequency carrier system, the pressure head 
being made to modulate the amplitude or the fre- 
quency of a high-frequency carrier in proportion to 
the air pressure. All subsequent amplification, 
including steady pressure conditions, may then be 
performed at carrier frequency, which presents no 
difficulty. Demodulation of the carrier can be 
carried out immediately prior to the application of 
the signal to the deflecting plates of the cathode-ray 
tube, so that there is no necessity to handle a direct- 
current signal in any stage of the amplifier itself. 
The conclusion already reached is that, to provide 
the performance demanded, it is necessary to use a 
capacitance-type head, but it has been shown that 
neither direct current nor high-frequency polarisa- 
tion in itself solves the problems. The consideration 
of the amplifier has shown that a high-frequency 
carrier system should be used preferably, from the 
point of view of simplification. Evidently, then, 
the best solution lies in the use of a capacity-type 
head, polarised at high frequency. Considering 
the essentials of such a system, we require to vary 
the amplitude of a high-frequency carrier wave 
in proportion to the value of a variable capacitance. 
The most straightforward method of achieving 
this is to use an oscillator and an amplifier, and to 
couple these by means of the variable capacitance. 
Such an elementary system is shown in Fig. 1, page 
361, in which the oscill. tor, amplifier and pressure 
head are lettered a, b, and c, respectively. From this 
diagram it will be apparent that the strength of the 
signal from the oscillator which reaches the amplifier 
will vary in direct proportion to the value of the 
variable capacitance (representing the pressure head). 
This, however, will be strictly true only if the 
impedance of the capacitance is high compared 
both with the output impedance of the oscillator 
and the input impedance of the amplifier. Such a 
combined system will be referred to as a “ capacity- 
modulator.” 
Unfortunately, the ideal state of affairs represented 
by Fig. 1 would not be practicable, as the equipment 
must be earthed at some point, and the leads to the 
pressure head must be screened. With conven- 
tional earthing and screening applied, the diagram 
then becomes as Fig. 2, page 361. From this it can 
be seen that in order for both the oscillator and the 
amplifier to be earthed (and this is very desirable), 
the variable capacity representing the head cannot be 
earthed, and must be surrounded by an earthed 
screen as shown. However, for the present purpose 
it is essential for one side of the pressure head to be 








at the amplifier of more than twice the peak signal 





The best solution therefore is to use some form 


earthed, as it is required to use the earthed dia 
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phragm of the head as one plate of the variable 


condenser. Therefore, consider what the position 
is if the earth connections in Fig. 2 are removed, 
and replaced by an earth connection on one side 
of the pressure head, the arrangement then becoming 
as shown in Fig. 3. 

This has the effect of leaving one side of the 
oscillator earthed, but the amplifier is now com- 
pletely isolated from earth; in fact the entire 
amplifier chassis and screening box are now raised 
above earth potential to the full magnitude of the 
oscillator output voltage. The lead to the left-hand 
side of the head is now the earth line, and so does 
not require any screening, but the output lead 
from the head must still be screened, and in this 
case, in order to be effective, the screening must 
naturally be connected to the low-potential side 
of the amplifier input, thus raising the screening 
to the full high-frequency potential above earth. 
This disadvantage may be overcome by connecting 
an additional earthed screen over the first screen, 
and over the whole of the amplifier, so that the 
diagram becomes as shown in Fig. 4, page 361. 

The sysfem may be further simplified by utilising 
the earthed screening case of the oscillator as the 
second screen round the amplifier instead of using a 
separate screen.. As far as the author is aware, 
this arrangement was first by Frommer.* 
In order to make the connection between the 
amplifier and the cathode-ray tube, which is 
preferably earthed normally, the signal may be 
demodulated in the amplifier and taken out as a 
direct-current signal through appropriate filters. 
However, in the present case, such high gain is 
required that it is convenient to provide further 
amplification at carrier frequency in an external 
amplifier of conventional design. In order to pro- 
vide for this it is necessary to pick up the signal 
in the capacity-modulator amplifier by magnetic 
coupling only. Owing to the fact that the entire 
amplifier chassis is maintained at a steady high- 
frequency potential above earth, any electrostatic 
coupling would paralyse the succeeding amplifier 
with a steady high-frequency voltage which could 
easily exceed the wanted signal voltage. The 
method used to achieve this is explained fully in 
— detailed description of the equipment given 

low. 





* J. C. Frommer, Electronics. July, 1943. 
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The basic circuit from pressure head to cathode- 
ray tube therefore becomes as shown, for one channel 
only, in Fig. 5, page 361. A consideration of this 
diagram shows that by this means both of the 
inherent problems of the capacity head at the end of 
a long capacitative lead have been overcome. The 
outer screen of the lead is earthed, thus providing 
continuous earthed screening over the entire equip- 
ment and leaving no exposed portion at high- 
frequency potential to earth which would be sensi- 
tive to handling. Variations in the capacity between 
the central conductor and the inner screen do not pro- 
duce spurious output signals as this capacity is not 
in parallel with the head capacity. The large capacity 
between the inner and outer screens of the cable does 
not appear in the measuring circuit; it merely 
produces an additional reactive load on the oscil- 
lator. The oscillator can easily be designed so 
that it is not sensitive to changes in this capacity. 
The advantages of this system easily outweigh the 
one disadvantage, this being the use of a special 
double-screened cable and associated connecting 
plugs. Since the pressure head must be designed 
in any case to suit the equipment, there is little 
difficulty in arranging for a three-contact coaxial 
plug connection between the pressure head and 
cable in order to permit rapid interchange of pressure 
heads, or to permit the connection of the indicator 
successively to a series of pressure heads distributed 
over the machine under test. 

If the capacity-type pressure head is to operate 
satisfactorily with the system described above, 
it must conform to the following requirements. 
(a) The double screening must be carried to its ulti- 
mate limit; this involves continuing the inner 
cable screen right through the head, and to within 
clearance distance of the diaphragm. (b) External 
dimensions should be similar to those of a normal 
size sparking plug. (c) The diaphragm should 
form as far as possible a continuation of the inner 
surface of the cylinder head of the machine under 
test, so that test conditions are not disturbed by 
its presence. (d) The change in capacity should 
be as nearly as possible proportional to the change 
in pressure (including vacuum) applied to the 
diaphragm. (e) The capacity must be quite 
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unaffected by external vibration, and yet must be 
sensitive to minute changes in pressure in the 
cylinder ; this condition should hold good even 
when very thin diaphragms are used to investigate 
low-pressure problems on the induction side. 
(f) The diaphragm should be easily changed in 
order to provide alternative ranges of pressure or 
vacuum. (g) The head must be completely screened 
against high-frequency potentials so that it may be 
handled without affecting the indication given on 
the cathode-ray screen. (h) High voltage must 
not be present at the pressure head. (i) No damage 
must result to the pressure head or the associated 
amplifier if excessive pressure or rough handling 
results in a short circuit between the diaphragm 
and the fixed electrode. 

The design given below meets the above require- 
ments from (a) to (g), while (h) and (¢) are met 
effectively by the special high-frequency system 
used. The construction is shown in Figs. 6 to 9, on 

361 and on the opposite page. Of these 
illustrations, Fig. 6 is a longitudinal section of the 
pressure head, while Fig. 7 shows an elevation of 
the connecting jack with the pressure head below it. 
The photographs reproduced in Figs. 8 and 9 show 
the pressure head dismantled and assembled, 
respectively. 

The head consists of two main portions, an outer 
housing and an internal electrode assembly. The 
outer housing is provided with a standard 14-mm. 
sparking-plug thread and hexagon externally, while 
the inner surface is threaded to accommodate the 
electrode assembly, and is machined to form a 
flat seating to accommodate the diaphragm and 
spacing shims. The electrode assembly consists of 
concentric cylinders of brass and insulating material 
cemented rigidly together and ground flat at the 
end after cementing. By this means the diaphragm 
or the air-gap can be readily changed, the air-gap 
always remaining parallel, and being equal in thick- 
ness to the packing shims used. The three electrodes 
are extended outside the head in a stepped formation 
which is arranged to connect to a corresponding 
double-concentric socket attached to the connecting 
cable. A plug and socket connection at this point 
is desirable in order to avoid twisting the cable or 
straining the pressure-head assembly when inserting 
or removing the head from the compressor under 
test. The double-concentric screening is thus 
maintained without a break from the amplifier to 
the diaphragm. The necessity for this continuous 
screening can be demonstrated easily, for such is 
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the sensitivity of the equipment that if the dia- 
phragm is removed, thereby leaving the electrodes 
exposed at this point, it is possible to detect the 
movements of metallic objects some distance away 
from the head by the additional capacity which they 
produce. This property may be used for the purpose 
of investigating actual valve movements, eto., for 
by merely removing the diaphragm and fixing the 
head near to the moving object to be investigated, 
a diagram of its movement to a time base will be 
drawn on the screen. 
The capacity between the diaphragm and the 
electrode system is inversely proportional to the air 
gap ; this means that even if it be assumed that the 
displacement of the diaphragm is proportional to 
pressure, which is only true for very small move- 
ments, it is impossible to obtain an absolutely linear 
relationship between pressure and capacity. This 
difficulty can be overcome in two ways: one is to 
include in the air gap a wafer of insulating material 
having a high dielectric constant, such as mica ; the 
Foe method is to work rer.» verzsboe per ot 
curve connecting pressure capacity, 80 

considered, the calibration becomes 


range 

effectively a straight line. latter method has 
great attractions in a demountable head which is to 
be used with various disphrams and air but 
with conventional apparatus it would in a 
serious loss of sensitivity. However, the sensitivity 
of the capacity-modulator is so high that 
this: objection .becomes and it is 
possible to work over a very short part of the curve. 

A capacity-pressure calibration curve fora vacuum 
or low-pressure head, using a 5-mil phosphor-bronze 
diaphragm, is shown in Fig. 10, page 362. Note that 
the substantially linear portion extends up to only 
approximately 14 lb. per square inch for this dia- 
phragm, and that the resultant capacity variation 
produced is only approximately 0-3 picafarad 
(0-3 x 10-* microfarads), yet it is possible even to 
tread on the connecting cable without producing 
any screen deflectiou or change in calibration. 

In order to maintain atmospheric air pressure in 
the air gap behind the diaphram, a small bleed hole 
is provided in the earthed ring of the electrode 
structure ; this can be distinguished in Fig. 8. For 
high-temperature work with high-pressure heads, 
inlet and outlet channels for a cooling fluid may be 
provided, but these are not shown in Fig. 8. 

The term capacity-modulator unit is used to 
describe the entire oscillator and screened amplifier 
unit shown to the left of Fig. 5, and as it is perhaps 
the least conventional part of the equipment, it will 
be described in detail. In order to avoid trouble 
with frequency drift, whether due to temperature, 
ageing or supply-voltage fluctuations, the whole 
system should be made flatly tuned. (Herein lies 
another great advantage of the present system over 
those systems which work on the change of response 
on the steep side of a resonance curve in order to 
detect capacity variations, as such systems demand 
exceptionally high frequency stability.) The main 
requirement of the oscillator is therefore only that 
it shall maintain a constant radio-frequency voltage 
output across the large capacity between the inner 
and the outer cable screens, and that this voltage 
shall be unaffected by small changes in tnis capacity. 
Isolation of oscillator and load circuits is therefore 
desirable, and to avoid the use of a separate buffer 
valve, an electron-coupled oscillator has been used, 

In the circuit diagram shown in Fig. 11, page 362, 
Y, is the oscillator, and V, the amplifier. V, is 
arranged as an electron-coupled oscillator, to isolate 
the load circuit from the oscillator section. The fre- 
quency is, of course, determined by L, and (C,, and is 
chosen to accommodate conveniently the maximum 
modulation frequency required. In the present case 
it was necessary to record pressure-wave frequencies 
up to 4,000 cycles per second, and since a carrier fre- 
quency of 110 kilocycles per second would be ade- 
quate for this purpose, and would enable standard 
radio parts to be used, this frequency was chosen. As 
the complete amplifier chassis is connected to the 
anode of V, through C,, the anode load effectively 
consists of R, in parallel with L,, L, and the capacity 
between the inner and outer screens of the cable. 
This capacity, plus the stray capacity of the ampli- 
fier chasis to earth, is resonated by L, and L, in 


ance R, provides heavy damping of this tuned cir- 
cnit, so that it is not at all critical to frequency drift 
or deformation of the cable. 

The amplifier must be completely screened, and 
it is therefore assembled on an independent chassis 
which is insulated from the main chassis. All the 
amplifier components and wiring are enclosed in 
this box chassis, while the only components project- 
ing above the box are the two screened coils and the 
fully-screened valve. The only two components 
external to the amplifier are the gain (or sensitivity) 
control resistance R,, and the “‘ zero-balance ” 
variable condenser C,. These components are 
both mounted on the main panel, and connected 
to the amplifier by screened leads; the screening, 
however, is connected to the amplifier chassis 
and not to the oscillator chassis. The double- 
screened cable from the head enters at 
the front panel, where it is clamped, and at this 
point the outer screen terminates. The inner 
screen, however, is carried right into the amplifier 
chassis before terminating. The amplifier circuit 
itself is conventional with the exception of the 
output coupling between L, and L,. For the reason 
given above, electrostatic coupling between the 
two must be prohibited, but magnetic coupling must 
be permitted. It has been found that a very 
satisfactory electrostatic screen which yet permits 
magnetic coupling at the carrier frequency used, 
can be made by painting the coil L, with two or 
three coats of Aquadag colloidal graphite and drying 
this thoroughly. The coil is connected directly to a 
screened cable brought out through the top of the 
coil screening can, but insulated from it. The 
cable screening is earthed to the oscillator chassis, 
and the Aquadag screen is earthed by connection 
to the cable screen. 

The coil L, in conjunction with C, is provided to 
permit neutralisation of the steady capacity of the 
pressure head itself, and is chosen to provide a 
convenient range of balance adjustment on the 
variable condenser C, which is mounted on the panel, 
and designated “‘zero-balance.” The power sup- 
plies are orthodox, with the exception that ‘an 
independent heater winding must be used for V,, 
and the heater connections to the transformer 
should be screened preferably, as the whole of this 
stage is at high-frequency potential to earth. 
The transformer winding itself need not be screened. 
The driver amplifier unit is a conventional single- 
stage pentode amplifier which must be capable of 
handling an input voltage of about 20 volts at 
carrier frequency. 

It is at the demodulator stage that the carrier 
voltage is rectified and thus converted into a varying 
continuous voltage suitable for direct connection 
to the deflecting plates of the cathode-ray oscillo- 
graph. It is necessary that adjustable “ shift ” 
voltages should be generated in this unit which 
enable the position of the indicator diagram on the 
screen to be controlled. This is necessary as it is 
impracticable to use the shift voltages provided 
in the cathode-ray oscillograph unit, as a direct- 
current coupling must be provided from the demodu- 
lator to the deflection plates, and this renders the 
cathode-ray oscillograph “ shift ” controls inopera- 
tive. The complete indicator was required to give 
simultaneous diagrams from two pressure heads, and 
the demodulator was therefore designed to accom- 
modate two channels. The circuit diagram is shown 
in Fig. 12, page 363, from which it will be seen that 
the two independent demodulator circuits are fed 
from a common power pack. The series feed 
condensers C, and C, are made very small in capacity 
as it is essential that any demodulation voltages 
appearing, at the anodes of the valves in the driver 
amplifier, due to non-linearity, should not be trans- 
ferred to the output terminals. These spurious 
signals are reduced to negligible proportions by the 
potentiometer effect of C, and Cy The time con- 
stant of R,, C, and R,;, C, must be chosen to suit 
particular conditions, but in the present case, using 
a carrier frequency of 100 kilocycles per second and 
handling a maximum modulation frequency of about 
4 kilocycles per second, values of 0-001 mfd. and 
100,000 ohms were used, giving a linear response up 
to 4 kilocycles per second. The last traces of 
carrier are removed by the radio-frequency filters 





parallel, L, being adjusted to optimum. The resist- 





L,, C, and L,, C,, in order to ensure a sharp trace 


on the screen, since any residual carrier would 
naturally result in a blurred line similar to that 
produced by defocusing. The “shift” Voltages 
above referred to are provided by the centre-tapped 
bridge metal rectifier in conjunction with the two 
potentiometers marked ‘‘ shift controls ’’ in Fig. 12, 
on page 363. By using a centre-tapped transformer 
winding in conjunction with a bridge rectifier in this 
way, it is possible to generate either positive or nega. 
tive voltages with respect to earth by moving the 
sliders on the shift potentiometers to either side of the 
centre position, and thereby moving the diagram up 
and down upon the screen. These two “shift” 
potentiometers constitute the only panel controls 
on the demodulator unit. 

For providing simultaneous observation of two 
indicator diagrams, the double-beam cathode-ray 
oscilloscope is particularly convenient, and a Cossor 
double-beam unit (Model 42) was used. The time 
base used depends on the application ; an electronic 
time base of the conventional gas-filled or hard. 
valve type may be used for providing a linear time 
scale, while an electro-mechanical time base, such as 
a sliding resistance driven from the engine under 
test, may be used if a “stroke” base is essential. 
Experience has shown that the linear time base is 
adequate for most problems, and that the engineers 
using the indicator very soon become accustomed to 
the appearance of the indicator di 

The complete indicator for double-channel work- 
ing becomes as shown in the block diagram, Fig. 13, 
page 363. A “Stabilistor” alternating-voltage, 
stabiliser is used to eliminate the variations in cali- 
bration which would result from variations in the 
supply voltage. This stabiliser provides an undis- 
torted output wave, and is therefore particularly suit- 
able for supplying apparatus of this type, where recti- 
fiers are included for high-tension supply purposes. 

No difficulty has been found in extending the 
pressure sensitivity over a very wide range, by suit- 
able choice of diaphragm. An example of the high 
degree of linearity of response which is obtained is 
given in Fig. 14, page 363, which shows the calibra- 
tion curve of screen deflection against air pressure for 
a low-pressure diaphragm. The overall departure 
from perfect linearity does not exceed about 5 per 
cent. at pressures below 5 lb. per square inch, and is 
less than 2 per cent. over the upper half of the work- 
ing range. By taking advantage of the “steady 
pressure ’’ response of the system, this calibration 
has been measured with steady pressures against a 
standard gauge, and it will remain constant up to a 
pressure-wave frequency of about 4,000 cycles per 
second. By the use of a higher carrier frequency, 
the upper limit of response could be extended to the 
mechanical limit of response of the diaphragm. 

An example of the results obtained is given in 
Fig. 15, page 363, which shows the indicator 
diagram obtained from an air compressor running at 
800 r.p.m. Two reference pressure lines are shown 
on the diagram, which greatly enhance its usefulness. 
The lower line is the ‘‘ atmospheric”’ line, below 
which the cylinder pressure is seen to dropUuring the 
induction stroke, while the upper line denotes the 
pressure in the delivery pipe ; the rise of the cylinder 
pressure above the delivery-pipe pressure during the 
delivery stroke will be noticed. The mean pressure 
in delivery pipe is 100 lb. per square inch. 

In conclusion, it may be said that the advantages 
of having such reference pressures continually visible 
on the screen, and in particular the ‘‘ atmospheric ” 
line, will be very evident to those engineers who 
have had experience of normal cathode-ray elec- 
tronic indicators. 

The work described was carried out in the Re- 
search Department of the Westinghouse Brake and 
Signal Company, Limited. 





PROGRESS IN THE USE OF BAKELITE.—We regret that 
two errors occurred in the paragraph bearing the above 
title which appeared in our issue of October 4, on page 
321. The address of Messrs. Bakelite, Limited, is 18, 
Grosvenor-gardens, London, S.W.1, that previously 
given being the address of the firm’s war-time evacuation 
headquarters. It was also incorrect to state that the 
manufacture of vinyl chloride for cable insulation is 
now being undertaken on a large scale at Aycliffe, 
Co. Durham. Initial production has started, but large- 
scale output will not be attained for at least eight or 
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filing and Indexing: A Study of the Principles and 

Practice of Classification as Applied to Filing Systems. 

By O. W. Rosxity. O. W. Roskill and Company 

(Reports), Limited, 14, Great College-street, London, 

s.W.1. [Price 42s. net.] 

Tus report deals largely with methods of filing 
correspondence and documents in industrial organi- 
gations and offices, although library methods also 
are discussed. Many systems are described, includ- 
ing the “* Remington Soundex,” in which consonants 
are given numbers (vowels being omitted), thereby 
bringing together similar sounding names, ¢.g., 
Cremer and Kramer. Another, better known, is 
the Kaiser system, which has had some vogue and 
was introduced by the late Sir Frederick Nathan 
into the munition works under his control. It is 
described more fully in Systematic Indexing, by 
J. Kaiser. The gist of Mr. Roskill’s recommenda- 
tions seems to be that alphabetical systems, although 
not always applicable, are usually best. This 
may hurt the feelings of those gentlemen of the 
Science Museum library and the British Society for 
International Bibliography who have advocated for 
years the use of the Universal Decimal Classification, 
which is an extension (and, unfortunately, sometimes 
a perversion) of the original Dewey Decimal Classi- 
fication. Cataloguing in Special Libraries, by J. L. 
Thornton, is quoted to show that the decimal 
classifications are the most popular systems in the 
libraries of Great Britain. To be fair, the case 
against the alphabetical methods of indexing is that 
they are dependent on language, whereas the 
Decimal systems are not; 621-1 will be “‘ Steam 
Engineering,” no matter what language may be 
used. It is a common experience, however, that 
no two indexers can be relied on to choose either the 
same alphabetical subject names or the same decimal 
numbers. In any case, the decimal system must 
have an alphabetical key. 

The chief interest of many readers, no doubt, will 
lie in the application of filing systems in offices, 
where the problem of differentiating between matter 
of permanent importance and that of only transient 
interest creates difficulties, especially when it is 
remembered that a large organisation may file 
50,000 papers a week. The filing system needs to 
be planned to meet the requirements of the individual 
firm’s work, and preferably should not be too 
elaborate. The study of Mr. Roskill’s survey should 
help in sorting the matter out, for he covers many 
conditions and methods, and includes the use of 
micro-film, filing instructions, the management of 
files, secrecy, tickler methods, the use of colour, 
etc. The use of coloured signals on cards has been 
found to be of substantial assistance in Government 
war departments and in industry in sorting out 
officers with similar qualifications ; and in gathering 
together records and information on related topics. 
Quick selection may be aided by this method when 
a mass of detailed information is required at short 
notice. The author quotes Dr. J. E. Holmstrom 
on this subject, remarking that 20 different coloured 
signals are possible, and may be used for an extensive 
system of cross-references, running into thousands 
of items, by using the colours in conjunction with 
the letters of the alphabet. 

In the section dealing with equipment, it is 
remarked in referring to card indexes that wooden 
cabinets were often replaced by metal on account 
of fire risk ; but experience has shown that a hard- 
wood such as teak will protect the contents against 
charring better than metal. As, however, all wood 
will burn eventually, if exposed to sufficient heat, 
probably the safest method is to install cabinets 
eonstructed of steel with a lining of insulating 
material. At the end of the report, a list of suppliers 
of filing equipment is given. 

Indexing may be described as a technique in 
which, while accuracy and consistency are important, 
convenience is not less so. One aspect of the last- 
mentioned quality is the use of plentiful cross- 
references. In general, it is probably better to 
overdo cross-referencing (as we have been accused 
of doing in the half-yearly indexes to ENGINEERING) 
rather than to economise in this direction. Possibly 
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this is treating users too much like children, for 
Mr. Roskill considers that some cross-references 
may be left to the common knowledge of those 
using the index; for instance, if information is re- 
quired on the combustion of coal, he would expect 
the user to refer automatically to the main head, 
“Fuel,” as well as “Coal.” But would he? It 
is doubtful, to say the least. In the matter of 
abstracts of literature, the author quotes an estimate 
that some 750,000 scientific and technical journals 
are prepared each year. By “journals” he evi- 
dently means articles in periodicals. This figure 
agrees with that given in A Survey of the Present 
State of Engineering Bibliography, by Mr. Alfred R. 
Stock, which was reprinted in ENGINEERING of 
March 15, 1946, on page 247; but Mr. Roskill 
goes on to say that “it is estimated that on the 
average between two and three abstracts of any 
given paper are likely to be published,” a view 
which is at variance with Mr. Stock’s opinion that 
“one-third of the articles published on technical 
subjects are abstracted or indexed several times, 
while two-thirds are not included at all.” Of the 
report as a whole it may be said that any business 
man who is considering the initiation of a filing 
system will find in it a lucid exposition of the 
methods available to him. 





An Index of Mathematical Tables. By Dr. A. FLETCHER, 
Dr. J. C. P. MILLER, and Prorgessor L. ROSENHEAD. 
Scientific Computing Service, Limited, 23, Bedford- 
square, London, W.C.1. [Price 75s.]} 

MaTHEMATICAL tables have a history almost as long 

as that of mathematics itself. The heroic period in 

table-making opened in the Fifteenth Century, and 
from that time to the middle of the Nineteenth 

Century a vast array of tables of mathematical 

functions were calculated, mainly by the unremitting 

industry of individual computers. More recently, 
the introduction of special, or the adaptation of 
existing, calculating machines for the construction 
of tables has enabled tasks beyond unaided human 
endurance to be carried out expeditiously by trained 
teams of operators. Many of these machines print 
their results and permit of differencing—one of the 
most valuable of checks. Modern tables substan- 
tially exempt from error can be compiled at a rate 
well illustrated by the 20 extensive volumes pub- 
lished within five years by the Work Projects 

Administration for the City of New York under 

the supervision of Dr. A. N. Lowan. An even 

more accomplishment was that of the 

Scientific Computing Service directed by Dr. L. J. 

Comrie, which not only computed some 800 pages 

of tabular material, but also saw them through the 

press on behalf of the War Office in the first twelve 
days of the war. 

Considering the great and growing mass of mathe- 
matical tables and the wide diversity in their places 
of publication, it is surprising that so few serious 
contributions have been made to their bibliography. 
Every scientific worker, at some time or another, 
must have required the numerical values of a mathe- 
matical function covering a particular range at a 
certain interval and have been in doubt whether 
they existed, and, if so, where they could be found. 
Often, lacking proper equipment and specialised 
experience, he has laboriously worked out the needed 
values only to learn, too late, that they have already 
been recorded in a memoir in some comparatively 
inaccessible set of “Transactions” or “ Pro- 

.”’ The publication of the present Index of 
Mathematical Tables will do more than any other 
single work to remedy this state of affairs. Not 
only does it provide a comprehensive guide to 
published tables; it also includes a number of 
references to tables existing in manuscript or in 
active preparation. The book is divided into three 
parts: an introduction of 15 pages, an index 
according to functions, occupying 350 pages, and 

a bibliography of some 80 pages. 

The introduction, describing in detail the plan 
and arrangement of the work, includes a selected 
list of references to collections of mathematical 
formule, and to books dealing with methods of 
numerical computation and statistics. It is followed 
by a list of symbols concerning means of interpola- 
tion. The index proper is divided into 24 sections, 
each comprising a number of subsections dealing 





with tables of a single function or a small associated 
group of functions. Only mathematical functions 
are included; tabular values dependent upon 
experimentally determined constants are excluded. 
Some of the tables, such as those giving mathe- 
matical constants to several hundred figures, can 
only be of theoretical interest to the pure mathe- 
matician. The majority, however, are of practical 
concern to the scientist and the engineer, even 
though such specialists may seldom require a 
tabulated value to more than seven significant 
figures and usually find four or five sufficient. The 
prefatory remarks to the respective sections, besides 
pointing out variations in notation liable to cause 
confusion, contain much interesting material inter- 
spersed with occasional useful suggestions; for 
instance, that on page 121, concerning the canonical 
form of an n-figure table of natural trigonometrical 
functions. 

The information relating to the tables them- 
selves is commendably complete. Each item listed 
normally occupies a line, on which appears the 
number of decimals or figures given, the interval 
and range of argument adopted, whether and what 
provision is made for interpolation, the authorship 
and the date. Attention is directed to the more 
important and reliable sets of tables by bold-face 
type. Though no claim is made for completeness, 
so little of real significance can have been over- 
looked that it is interesting to compare the “ density” 
of tabulation of the various functions and to consider 
what yet remains to be done. In one respect, the 
list is, perhaps, unduly complete. Little purpose 
is served by the inclusion of references to tables 
in a text-book when such are explicitly stated to 
have been copied from easily accessible existing 
tables. Where a table has been reproduced from 
another source without acknowledgment (of which 
one particularly flagrant example is quoted) it is 
well that the action should be exposed with the 
disapproval it so richly deserves. 

Perhaps the most valuable feature of all, however, 
is the care that has been taken to indicate the trust- 
worthiness of individual tables. Many corrections 
are given and every user of tables should read 
through this index, if only for the purpose of 
amending his own copies of the tables concerned. 
In other cases, references are given to published 
lists of errata. An error-free table is a permanent 
asset; an inaccurate one, a perpetual liability. 
Errors are particularly apt to escape detection in a 
column of numbers since the context affords no 
clue to their existence, and any that are found 
should be noted and reported. The absence of a 
list of errata, as De Morgan said, is no guarantee 
that none exist, but merely that they have not been 
found out. The bibliography includes some 2,000 
items, arranged alphabetically by authors and in 
order of date under each author, an asterisk being 
employed to denote that the actual book or paper has 
not been available for inspection. Though the date 
of Leau’s Table des parties proportionelles, queried 
on page 410, is omitted in Gauthier-Villars’s cata- 
logue, it is given as 1921 in Hermann’s catalogue. 

The reputation of the authors is a guafantee of a 
scrupulous regard for accuracy. The only misprints 
noted occur on page 59, where the 039, corrected to 
093, is itself correct and where the two zeros on the 
following line appear to be superfluous. The state- 
ment has been made, too—though we cannot recall 
its source—that the Essay on Probabilities, ascribed 
to De Morgan, on page 389, and which certainly 
bears his name upon the title page, was not, in fact, 
written by him. The Index is as much a delight 
to handle as to consult. Nothing comparable to it 
in scope has appeared hitherto and, despite its 
inevitable high cost, every serious scientific worker 
will wish to add a copy to his reference library. 
Its authors have filled brilliantly a genuine gap in 
technical literature, and every user of their work 
owes a debt of gratitude to Dr. Comrie for having 
shouldered the responsibility for its publication. 





Tuomas HAWKSLEY LECTURE.—The 33rd Thomas 
Hawksley Lecture of the Institution of Mechanical 
Engineers, entitled ‘“‘ Unexploded Bomb Disposal,” will 
be delivered before the Institution in London, at 5.30 
am November 15, by Dr. H. J. am 

, F.R.S. 


p.m., on 
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OPTICAL GLASS IN WAR.* 
By Sm Hvuexu Caanosg, M.A., F.LIA. 
(Concluded from page 344.) 

ly recent months, a problem of considerable interest 
has been studied, namely, the preparation of a flint 

lass having a high refractive index free from colour. 

n the past, it has been generally accepted that the 
colour in such glass is inherent. Thus, the Schott 
catalogue on Jena optical glass states “many glasses 
(for example, heavy flints). cannot be made without a 
strong yellow colour, even with chemically pure 
materials.” Itis regarded by H. Mohl and H. Lehmann 
(Sprechsaal, 1929, vol. 62, page 463) that the brown 
colour of lead glasses is due to the molecular solution 
of free lead oxide, while W. A. Weyl suggests that the 
spectral absorption of the lead oxide is dependent on 
the strength of the lead-oxygen bond. Others have 
suggested that colouring oxides, such as copper and 
iron, are responsible for producing intensive colours in 
heavy flint glasses, and our researches were carried out 
to settle the question of the specific effects of various 

ing oxides. Using the purest available com- 
mercial red lead and synthetic silica, a glass was pre- 
pared calculated to have the following composition : 
PbO, 78-5 per cent.; SiO,, 21-3 per cent; Fe,0,, 
.0-0006 per cent.; CuO, 0-0025 per cent., Cr,0,, 
0-00002 per cent., with a small percentage of alkalis 
and a trace of alumina. The glass was melted in a 
platinum crucible and had a refractive index of 1-915. 
It was not entirely free from colour but, using it as a 
base, meltings were made with added amounts of iron 
oxide varying from 0-0005 per cent. to 0-04 per cent. ; 
of copper varying from 0-0025 per cent. to 0-025 per 
cent.; of chromium varying from 0-0005 per cent. to 
0-01 per cent.; and of t.tanium oxide up to 1-0 per 
cent. Spectronvhotometric measurements were made 
of the glasses and it was found that up to 1 per cent. 
of .TiO, there was little effect on the colour, so that, 
for concentrations at which this constituent is nor- 
mally present as an impur'ty, its effect would be 
negligible. Without going into the detailed measure- 
ment of the glasses containing the other oxides, it may 
be stated that, for an equal weight percentage, the effects 
of iron oxide, copper oxide and chromium oxide on 
absorption were in the ratio 1 : 2: 40, chromium oxide 
being by far the most powerful colouring agent. The 
curves relating absorption with concentration were 
practically linear, and extrapolation to zero concentra- 
tion suggested that the colour obtained could be 
attributed to the colouring oxides alone, together with 
the possible effect of platinum solution. The next 
step was the attempt to prepare a glass as free as 
possible from the colouring oxides and also to eliminate 
the’ effect of platinum. Pure lead nitrate was pre- 
pared. from “‘ Specpure ’’ lead, and pure silica was pre- 
pared. by precipitation from hydrofluosilicic acid 
obtained by distillation from sodium-silico-fluoride and 
sulphuric acid.. The raw materials in the required pro- 
portions were melted in a sintered thoria crucible and a 
smal] piece of colourless glass of refractive index 1-902 
was obtained. Thus, it was evident that the result had 
been achieved, by eliminating, so far as was practicable, 
the-effect of the various colouring oxides and made it 
clear that it is practicable to produce colour-free very 
denge flint glasses. 

Optical glass having a maximum degree of chemical 
homogeneity in the melting container being obtained, 
there remains the problem of conversion. The finished 
product may be a minute component of a microscope 
lens, or a prism weighing several pounds, or, more 
rarely, a telescope lens weighing several hundred 
pounds. ‘The number of shapes and sizes is very large 
and the quantities involved are generally small. In 
time of war, instruments such as binoculars, telescopes 
and gun-sights call for exceptionally large quantities 
of optical components. For instance, during the late 
war, the Ministry of Supply produced 620,000 binocu- 
lars, each of which embodied not less than 10 lenses 
and 4 prisms. Quantities onsuch a scale make possible 
mass-production methods, but under normal cond - 
tiops the optical glass manufacturer must adopt the 
conyersion process most suitable for his usuil run of 
orders and which gives him the maximum of flexibility 
combined with economy. Of the var ous convers on 

rocesses which are current, the following may be men- 
tioned : (1) the traditional process, ey developed 
by Guinand (1748-1824). This involves the cooling 
down of the pot after stirring has been completed and 
then breaking up the cooled mass into pieces for subse- 
quent re-heating and either running into fireclay 
moulds, pressing into slabs in metal moulds, or merely 
heating at the end of a holder and pressing into lenses or 
prisms. Though this process may appear somewhat 
barbarous and inefficient it still holds the field where 
moderate quantities of a given type of glass are required 
and where the average size of the article is not large. 





* Parsons Memorial Lecture delivered at the Institu- 
tion of Civil Engineers, London, on Thursday, Septem- 
ber 26, 1946. 
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The conversion losses, however, are high. More than 
half the glass is lost before the sorting stage is reached, 
sorting involving the rejection of any glass containing 
strie or bubbles, while the further losses in trimming, 
moulding, grinding, etc., may reduce the finished pro- 
duct to some 27 per cent. of the original material. 

(2) The casting process, which was progressively 
introduced by Schott, to replace the traditional process, 
some years prior to 1939, involves the removal of the 
pot, after stirring, from the furnace and the pouring of 
two-thirds of its contents into a metal mould. The 
remaining third is not emptied as the material adhering 
to the sides and bottom of the pot is of different com- 
position from the mass and, if allowed to flow into the 
mould, would contaminate the rest of its contents, 
The resultant block of glass in the mould measures 
about 4 ft. 6 in. square and about 8 in. thick. It is 
annealed in an electric furnace and is then cracked 
into blocks by the following method. A flaw is chipped 
in the block at the point where it is desired to break 
t, and the block is then placed on a knife edge in a 
hydraulic press with the flaw uppermost. Pressure is 
applied to the top of the block at two points equidistant 
from the centre and the block cracks into halves with 
a very clean fracture. The process is repeated until 
blocks of about 8 in. cube are obtained, these being 
finally sawn into slabs or prisms of the desired sizes. 
The process is economical if the output of the factory 
is relatively large and if the average size of the lens 
or prism required is not too small, but to be operated 
effectively, pots containing some 500 litres of glass are 
necessary in order that the ratio between the glass 
poured and the glass left in the pot shall be satisfactory. 
The glass lost in sawing to size may be relatively large ; 
for example, to saw a block of 8 in. cube into plates 
} in. thick involves a theoretical loss of material of not 
less than 40 per cent. A variation of this process is a 
technique developed by the late Sir Charles Parsons 
which was used in the manufacture of large telescope 
lenses. 

(3) The plate glass process, involves casting the 
contents of the pot either on to a table where the 
glass is rolled out into a sheet, or through rolls by 
the so-called Bicheroux technique. The plain casting 
method will produce a sheet up to 2 in. thick, but 
with formation between rolls it is difficult to obtain 
a sheet much thicker than 1} in. The plate glass 
method is satisfactory enough for making optical 
glass for ophthalmic purposes, but for lenses and 
prisms of the highest grade the quality of glass pro- 
duced by it leaves something to be desired, as it is 
necessary to cast the glass at temperatures at which 
it is fa.rly fluid so that too much of the pot-contami- 
nated glass gets mixed with the otherwise homo- 
geneous bulk. The process, however, was found very 
useful in war-time as it made available for optical glass 
the equipment ‘of existing plate-glass manufacturers, 
while it produced glass in a form which could be easily 
and economically cut up for subsequent moulding, 
even though the resultant product was liable to contain 
strie and had, in consequence, a higher rate of rejec- 
tion. As an example of its war-time utility, it might 
be mentioned that the very large production in England 
of prisms for tank periscopes could not have been 
met adequately by other production methods. (4) 
Finally, there is a method of production which does 
not involve the use of a pot. The raw materials are fed 
continuously into one end of a furnace and the glass is 
withdrawn at the other end in the form of either 
a ribbon ora rod. This process is still in the develop- 
ment stage and, although suitable for large-scale 
production of a given tYpe of glass in pre-determined 
shape, it is relatively inflexible as it is not possible to 
change from one glass to another, or to alter the dimen- 
sions of the finished product, without emptying the 
furnace. For certain purposes, however, it may be 
convenient to have the glass in the form of a rod or 
ribbon and, when the difficulties involved in chemical 
homogeneity are overcome, the losses in conversion 
will be materially reduced. 

When the optical glass manufacturer has produced 
the glass in manageable form, the customer can have 
his requirements met either in random-sized slabs, 
which he cuts up to suit his particular needs ; in slabs 
of specified dimensions, achieved by sawing up blocks 
by means of diamond-charged or carborundum circular 
saws; by cutting up and moulding the blocks into the 
desired size or slab; or in the form of mouldings or, 
as they are sometimes called, pressings. One of the 
most fundamental differences between the practices 
of 1914-1918 and 1939-1945 was the almost universal 
adoption by instrument makers of mouldings in 
preference to slabs. This was made possible by 
improvements in moulding technique, which pro- 
duced mould‘ngs accurately dimensioned and having 
a finish which required the removal of the minimum 
quant ty of glass in the roughing process ; and in anneal- 
ing technique, which eliminated variations in physical 
homogeneity and mechanical stresses, which had 
previously made the product insufficiently reliable for 
first-class optical work. The supply of glass as mould- 
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ings transfers the wastage occasioned by conversio 

from the optician to the glass manufacturer, and during 
the war intensive study was made of the various cau 8 
of the loss of glass and a system was evolved for fron 
ing and controlling the losses in each process section, 
With these losses plotted in a graph for glass made by 
the traditional process, if the quantity of raw material 
expressed as oxides and therefore not including losse, 
by volatilisation in melting, are indicated as 100 the 
first-stage reduction through loss at the furnace is 
indicated as being to 97-5. Then comes a reduction to 
75-1 by breaking down, followed successively to 57+] 
by trimming, to 54-6 by moulding, to 48-6 by grindin, 

and polishing, to 40-7 by sorting, to 30-8 by cutting 
and smaller amounts by spindle grinding, re-mouldj e 
fine annealing and packing to the final 27-0. It should 
be possible to raise this latter figure to 50, if the losses 

incurred in breaking down, trimming, moulding, and 

grinding could be avoided. A process of continuoys 

manufacture could eliminate these losses to a large 

extent, but it has disadvantages in that it requires a 

large output of each type of glass and limits the size of 
the finished product to relatively small mouldings 

Moreover, the finished product must be such as to be 
cut or sawn from the sheet without excessive losses. 

The optical glass manufacturer may be required to 
hold in stock a minimum of 50 different types of glass 

and even in the case of the traditional process, each 
melt represents from 300 lb. to 1,000 Ib. of saleable 
glass. Since the demand for some of the minor types 
may only amount to a few pounds weight a year, it 
will be realised that the economics of manufacture enter 
largely into choice of a production process. 

The demands during the war were for bulk production 
and little opportunity presented itself for the develop. 
ment of new optical designs. The changes in optical- 
element production were chiefly those affecting manu- 
facturing technique, and so far as mass-produced 
instruments were concerned, did not involve the use of 
new glass types. Improvements in the quality of 
mouldings made possible substantial savings in material 
and production time, especially with medium-sized to 
large-sized lenses and prisms. Previously, before 
polishing could be commenced, slabs of glass had to be 
cut or slit approximately to size, roughly shaped and 
roughly ground. By using diamond cutting tools, 
moulded lenses can be inserted directly into the chucks 
of roughing machines and given a surface which is 
ready for polishing after a fine smoothing operation 
only. Lenses made in this way are of uniform thickness 
circumferentially and are so well centred that subse- 
qvent edging operations are easily performed. Mould. 
ings of even complicated prisms can be mounted directly 
in jigs which are ideally suited to modern methods of 
milling ; thus, large quantities can be produced accu- 
rately by semi-sk lied labour. 

Two outstanding developments in optical design were 
the use of “‘ bloomed ”’ surfaces and the replacement of 
metal by glass as the material for carrying engraved 
scales for linear or angular measurement in surveying 
instruments, engineers’ measuring equipment and 
precision instruments for research.  “ Bloomed” 
surfaces, that is, surfaces having an anti-reflection 
film, are causing the optical designer to pay less 
attention to the need to reduce air-glass surfaces to a 
minimum and give more scope for improvement in 
optical systems. Glass engraved scales have definite 
advantages over metal scales in that they are less liable 
to distortion, thus making possible greater permanent 
accuracy ; very thin and clearly defined lines may be 
cut or etched into the glass surface; and optical 
methods of reading are more easily applied, since the 
transparency of the medium makes possible very clear 
illumination leading to greater accuracy of setting. 
Development of new types of glass possessing extreme 
optical properties came too late to be of practical 
importance in the production of optical munitions, but 
improvements in the quality of dense barium crown 
glasses were effective in facilitating the development of 
improved aerial camera lenses. Optical computation 
is a lengthy business and it is likely to be some years 
before the effect of the introduction of extreme glasses 
gan be translated into new and improved optical systems. 





MIDDLESEX AND Bucks EXECUTIVE ENGINEER’S AssO- 
CIATION.—This Association held a general meeting on 
September 19, after a year’s trial period, and Mr. F. W. 
McCartney, of Messrs. Black and Decker, Limited, Har- 
mondsworth, presided. In view of a successful year it 
was decided to draw up a proper constitution and the 
following officers were elected: chairman, Mr. F. W. 
McCartney, Black and Decker, Limited ; vice-chairman, 
Mr. R. H. Try, Reliance Precision Tools, Limited, 
Staines ; secretary, Mr. J. E. Skidmore, The Power Plant 
Company, Limited, West Drayton; treasurer, Mr. G. 
Pearson, The Power Plant Company, Limited. Member- 
ship is open to foremen and executives of engineering 
firms in the district and firms will be requested to 
subscribe two guineas and to nominate eligible members 
of their staffs. 
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NOTES FROM SOUTH AMERICA. 


Latin America is undoubtedly the most promising 
world market at present for engineering and other 
heavy goods, There is a vast amount of constructional 
work in progress or being planned, while the money is 
available to pay for none goods. In these circum- 
stances, one of the brightest spots in Britain’s post-war 
export drive has been the recent conclusion of trade 
and financial agreements with both Argentina and 
Brazil, which may be taken as indicative of the tradi- 
tional preference on the part of both countries to trade 
with Britain, Other things being equal, these leading 
South American countries would r to obtain 
British equipment because of its high reputation, but 
the need ee goods is so os that, apart — 

rice and credit terms, same. elivery will probably 
- the decisive factor. erefore, the sake i ure 
of the agreements should not lead to undue com y 
in this country ; there must be every assistance fror 
the Government to British manufacturers, while the 
latter, on their part, must keep in the closest possible 
touch with South American requirements, especiall 
through the personal visite of directors or other high 
executives. 

Considerable publicity has been given already to the 
Anglo-Argentine agreement, and it is outside the sco 
of this article to deal with investment for 
Argentine railway stocks in the light of section’ of 
the agreement which vides for the British-owned 
railways to be acquired and operated by an Argentine 
company. So far as concerns British man urers, 
an important point is that both Argentine and British 
interests are to participate in the new company, and 
this joint ownership would a to imply that 
important purchases of railway equipment, etc., will 
continue to be made in Britam. The new company 
will be granted freedom from customs duties for 
imported materials and equipment. 

The new agreement with Argentina provides that 
future sterling received by ina will not be 
“ blocked”, but will be freely available for payment 
for current transactions ; this implies ample funds to 
pay for imports from Britain. The main opportunity 
lies in railway equipment, motor vehicles, and machin- 
ery, of which there is an acute shortage, but ships and 
aeroplanes also are urgently required, and there is a 
great demand for all kinds of agricultural machinery. 
British manufacturers of agricultural machinery would 
have an excellent market in Argentina now, if they were 
in a position to take advantage of it. There is also a 
widespread demand for oil-drilling machinery, lack of 
which has led to a decline in oil production in Argentina. 
The need for immediate action is illustrated by orders 
already placed or contemplated with Britain’s .com- 
petitors, such as ships from Holland and Italy, and 
textile machinery from Belgium, France, Holland, Italy 
and the United States, Fortunately, the existing 
Anglo-Argentine trade agreement is to continue in force 
until the end of 1946 (pending discussions about a new 
agreement) and it is most satisfactory that the customs 
duties payable upon imports from Britain under the 
most-favoured-nation principle will be maintained at 
least until the end of the present. year. 

The new Argentine Government undoubtedly intend 
to pursue a long-term economic plan embracing 
sections of national activity. Among the schemes 
to be considered by the Senate is that known as “ El 
Plan Siderurgico Argentino.”” This is a scheme to 
establish a complete steel industry in Argentina, the 
capital to be subscribed jointly by the Government 
and private enterprise. Some time ago, the latter were 
invited to co-operate with subscriptions of capital, 
but offers were forthcoming from a few local industrial 
firms for only about 10,000,000 pesos, whereas the 
initial outlay of the scheme is reckoned at 100,000,000 

. It is evident, therefore, that there is no great 
public enthusiasm for the scheme. In fact, there 
are several difficulties in the way, ne Argentina’s 
sho of coal and raw material, as well as the fact 
that plans for the development of a steel industry in 
Brazil and Chile are already in an advanced state, 
and doubtless those countries will compete eventually 
in the Argentine market. There is also a shortage of 
technical personnel in Argentina. In Uruguay, 
similarly, there is urgent need of engineering 
transport items. 

The new Anglo-Brazilian agreement covers generally 
future trade and financial relations between the two 


countries, and was concluded rapidly and without hitch | i 


during the brief visit to London of 

experts, headed by the Brazilian Minister for Foreign 
Affairs. In an official statement, the Minister said 
that the new national Constitution in Brazil offers full 
guarantees to foreign capital, the entry of. which is 
welcome. Much importance is attached to the develop- 
ment of industry in il, where the Government wish 
Britain to take part in it, especially by supplying 
machinery, patents and designs, and technical ski 


The Minister stated that his Government, without 
excluding the possibility of organising mixed Anglo- 


ve 
xpenditure 20,000,0001. 

from | sterling, portiogs of whieh have already been or 
- Plan Sor witicopened deseetl 


all| there last year will be made until 1947. Meanwhile, 


and | bridge across the River Mapocho. 


Brazilian companies to take over and operate certain 
British-owned public utilities, were willing to lend 
sterling for the purchase of material for their rehabili- 
tation, and he suggested that mixed Commissions 
should be appointed in Brazil as soon as possible, to 
study the needs of each of these companies in the way 
of new equipment. A British delegation will visit 
Brazil to negotiate a civil-aviation convention; and 
the Brazilian Government will shortly send to the 
United Kingdom a special purchasing mission to discuss 
the procurement of materials urgently required for the 
modernisation of Brazil’s t rt system and industry, 
and the utilisation of Brazil’s sterling balances for 
such purposes. These balances are estimated to be 
about eee. sterling. In — to the Five- 
Year general trans’ hydro-electric 
development, the Brazilian Ghrecmmont ha 

a Ten-Year Plan of railway re-equipment 
foreshadows-a total e: of about 120, 


cation and the acquisition of about 17,500 wagons and 
970 locomotives, the construction of 156,500 km. 

permanent way, the renewal of rails over 14,000 km. 
of track, and the ipment of workshops. Under 
the Plan, the Central of Brazil Railway alone is autho- 


rised to buy material and equipment in the United 
States to a total of 24,000,000. dols., and 1,500,0001. 
in the United Kingdom ; of the latter having been 


contracted for already. same railway recently; 
invited tenders for the supply of , amounting 
to about 700 tons, for the construction of eight bridges. 


by cred'ts from the Export-Import Bank of Washing- 
ton, although it is not yet clear whether such cred'ts 
will be granted directly or passed on to the International 
Bank of Reconstruction. Apart from the financial 
aspect of the matter, the expected post-war influx of 
urgently-needed imports into Brazi] has been delayed 
by industria] d'sturbances in the United States and 
Br'tain, as wel] as by home requirements in both 
countries ; del'ver'es of North American steel, and of 
motor-lorr‘es and road-building materials, for example, 
are much behind schedule. It is certain, however, 
that the United States will continue the strong endea- 
vours to capture a major part of the enormous Brazilian 
market. The New York firm of Messrs. Parsons, 
Brinckerhoff, Hogan and Macdonald have made a 
detailed proposal to the Séo Paulo municipal authori- 
ties to construct an underground railway in that city, 
and it is said that they are willing to accept payment 
in Brazilian currency, 

In view of Brazil’s difficulty in obtaining imported 
farm machinery and implements, the Federal Council 
of Foreign Trade have a resolution urg ng that 
a national industry. should be set up to manufacture 
these articles, and should be fostered by means of 
Government purchases of its products. One of the 
greatest difficulties encountered in executing the 
Brazilian Government’s Emergency Plan of Foodstuffs 
Production—introduced in 1945—is the lack of tractors, 
machinery and farm implements. The Ministry of 
Agriculture recently obtained a number of tractors 
and lorries from the United States, but it is not expected 
that regular del: ver‘es of agricultural equipment ordered 


agricultural implements have been granted exemption 
from import duty in Brazil, and a 50 per cent. reduction 
in freight rates is allowed by Federal-owned railways 
on these and other materials required to foster agri- 
cultural production. 

The Chilean State Railways.have applied to the 
Export-Import Bank of Washington for a loan of 
12,000,000 U.S. dols. to electrify the line between 
Santiago and San Fernando and to renew and modernise 
electrical equipment. It was expected that 300 out of 
approximately 1,200 wagons recently acquired 
in the United States by the State Railways would 
arrive during September, and that eight Diesel loco- 
motives purchased in Switzerland would be shipped in 
October. Representatives of British Insulated Callen- 
der’s Cables, Limited, have visited Chile, it is under- 
stood, in connection with the projected electrification 
of the railways. A tender has been accepted by the 
Santiago municipality for the construction of a new 


Work is being speeded up in connection with the 
construction of port facilities at Iquique, for storing 
and shipp.ng nitrate of soda, in order to deal with the 
opened demand from the United States and Europe. 
It is stated that buildings now being erected will have 
a capacity for some 300,000 tons, and that loading 
will be poss:ble at the rate of 500 tons an hour. The 
necessary capital, amounting to 40,000,000 pesos, is 
to be suppl.ed by the Cia, Salitrera de Tarapaca y 
Antofagasta and will be refunded by the Government 
from taxes over a period of three to four years. As 
part of the general electrification plan in Chile, work 
was to commence in October on the construction of 
another hydro-electric plant, situated approximately 





It is hoped to finance the greater part of the Plan | design 


THE ‘THESEUS I’’ PROPELLER 
GAS-TURBINE AERO-ENGINE.* 


It is generally known that various firms are engaged 

in the development of gas-turbine aero-engines which 

embody a combination of jet and propeller drives. The 

basic. purpose of this work is to adapt the gas turbine to 

commercial flight, for which the very high speeds 

associated with the best efficiency of the pure jet 

machine are unsuited, at least at the present stage of 

commercial aviation. The Br'sto] Aeroplane Company, 

Limited, Filton House, Bristol, claim to have touched 

the first stage in this line of development as long ago as 

1923, when a Bristol Jupiter engine was fitted with an 

exhaust-driven turbo-supercharger. Several successful 

flights were made with the arrangemert, but as at 

that time it was considered more important vo concen- 

trate attention on —— development, the matter was 

not pursued. The subject was taken up again in 1937, 

on account of the results obtained with the sleeve- 

valve engine a further exhaust-driven turbo- 

supercharger was designed, built and tested. The 

outbreak of the war prevented the continuation of 
further practical tests, but theoretical investigations 

were continued, additional impetus being given to the 

work by the successful performance of pure jet machines 

pioneered by Air Commodore F. Whittle. 

As the experience of the Bristol Aeroplane Company 
has been mainly in connection with large, long-range 
mom ond yn work on — was 
taken developed should cater for 
this eld of application. This, policy dictated the 
of units suitable for aircraft with a cruising 
speed of 300 miles per hour, which was increased to 
400 miles per hour in the course of some five years. As 
at speeds of this order, the propulsive efficiency of a 
pure jet is low, it was decided from the first that any 
engine embody a ee ped drive. 
The primary target set was the design of a propeller 
turbine engine having a fuel ¢onsumption comparable 
with that of a piston engine when operating at 20,000 ft. 
and 300 miles per hour. After general consideration 
of the problem, it was decided that high thermal effici- 
ency should be attained by utilising the waste heat of 
the exhaust gases, and a heat exchanger was accordingly 
designed to transfer this heat to the air delivered by the 
compressor, at a point ahead of the combustion cham- 
bers. Work carried out along these lines has resulted in 
the production of the Theseus I propeller gas-turbine 
eng.ne which has now completed several hundred hours 
of bench tests, including a 100-hour endurance run. 
Initial flight tests are to be carried out on an Avro 
Lincoln aircraft, in which the two outboard reciprocat- 
ing engines will be replaced by turbine sets. 

In its main features, the Theseus I consists of an axial- 
flow compressor, with a centrifugal stage, driven by a 
two-stage gas turbine. The compressor delivers to a 
heat exchanger in which the temperature of the com- 
pressed air is raised by heat transfer from the turbine 
exhaust gases. The air then passes to the combustion 
chamber of the two-stage turbine, part of the energy 
of the air being used to drive the compressor. The 
gases then pass through g second, single-stage turbine 
which drives the propeller. From this point, the gases 
pass to the hot side of the heat exchanger and finally 
to the exhaust nozzle, providing an appreciable amount 
of thrust from the reaction of the jet. The main part 
of the power available is transmitted from che second 
single-stage turbine to a tractor propeller through an 
epicyclic reduction gear. The ratio between the power 
used in driving the propeller and that used in providing 
jet thrust is roughly 4 to 1, or 80 per cent. and 20 per 
cent., respectively, at 300 m.p.h. As the whole com- 
bination forms a single power unit, the two-stage 
compressor turbine and the single-stage propeller 
turbine may be looked upon as constituting a single 
three-stage machine, but the two turbines are mechani- 
cally independent and run at different speeds. It is 
stated that the use of a heat exchanger greatly improves 
fuel consumption and that the independently-driven 
propeller provides adequate take-off thrust and gives 
efficient propulsion at moderate speeds. Longevity 
has been ensured by limiting both the thermal and 
tensile stresses of the rotating parts to safe yalues. 

A genera] view of a Theseus I, seen from the forward, 
or propeller, end, is reproduced in Fig. 1, on page 368. 
The main parts of the assembly, taking them from left 
to right, consist of the intake casing, which carries the 
reduction gear; the compressor casing; the turbine 
casing, surrounded by the combustion chambers ; 
the heat exchanger ; and the jet pipe. The airenters the 
compressor through a forward-facing annular intake, 
situated around the periphery of the reduction-; 
casing and immediately behind the propeller. This 
intake car be seen in Fig. 1, and some of vhe fixed 
blades of the compressor are visible through the intake. 
The reduction-gear casing, carrying the gear assembly, 
which is bolted to the intake casing, is shown inde- 
pendently in Fig. 6, on page 372. The compressor 
consists of nine stages of axia] blading, combined with 
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pression ratio is approximately 5 to 1 when flying at 
300 m.p.h. and at 20,000 ft. The compressor rotor is 
illustrated in Fig. 7, on page 372. A combination of 
axial and centrifugal compressors was adopted, firstly, 
because the last-stage centrifugal impeller provides a 
convenient means of delivering the air from the smaller 
diameter of the axial compressor to the larger diameter 
of the heat exchanger and, secondly, because, although 
the axial compressor operates more efficiently at higher 
comprezsion racios, the centrifugal impeller has a wider 
operating range, with the result that the arrangement 
adopted provides a compressor of high efficiency 
combined with flexibility. 

The intake casing is of aluminium alloy, and consists 
of inner and outer shells connected together by eight 
radial, hollow, vanes of aerofoil section ; the arrange- 
ment can be seen in Fig. & The whole casing is a 
single casting which is provided with seatings for the 
attachment of the starter motor on the horizontal 
centre line, and the oil sump at the bottom. The 
connections to the starter and sump pass through the 
hollow vanes. The compressor casing is also of alu- 
minium alloy and is cast in halves, one of which is 
illustrated in Fig. 8, on page 372. The axial section, 
and part of the centrifugal section, are of double-skin 
construction in order to relieve the portion of the 
compressor carrying the stator blades from stresses 
due to propeller loads. The rear portion of this casing 
forms the front face of the centrifugal-impeller chamber, 
and, together with the delivery manifold and the rear 
casing, forms the centrifugal stage of the compressor. 
Blow-off valves are provided for starting purposes. 
The compressed air from the impeller, after diffusion 
through a vane ring, passes through the delivery mani- 
fold to the cold side of the heat exchanger through 
eight transfer tubes. The manifold is a one-piece 
magnesium-alloy casting, the diffuser vane ring being 
of the same material, cast in halves. The rear casing, 
forming the back face of the centr.fugal impeller cham- 
ber, is an aluminium casting and is extended backwards 
to carry the main compressor thrust bearing; it is 
joined to the compressor casing by long bolts passing 
through the diffuser vanes. 

The axial-compressor rotor, of drum construction, 
as shown in Fig. 7, is built up of aluminium-alloy 
forgings. There are three identical drum sections, this 
arrangement being adoums for ease of manufacture. 
One of the sections, unbladed, is shown separately in 
Fig. 9, on page 472. The rotor is mounted on a steel 
shaft, which is carried in a front roller bearing and a 
rear ball bearing which also supports the compressor 
turbine wheel. Both the stator and rotor blades are 
aluminium-alloy stampings. Those on the rotor are 
fixed by means of serrated slots running axially. There 
are nine stages, each containing 69 blades. The 
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impeller is machined from a solid aluminium forging 
and is bolted to the axial rotor drum. It has 23 
straight radial vanes and is double shrouded. Under 
full-throttle conditions, the compressor runs at 8,200 
r.p.m., and delivers 30 lb. of air per second at sea-level 
static conditions; its drive absorbs approximately 
3,500 h.p. 

The eight diffusing transfer tubes through which the 
air — from the compressor delivery manifold are 
of aluminium construction. They are spaced equally 
around the periphery of the engine, between the com- 
bustion chambers. Some of them, with the flanges and 
elbows of the manifold, to which they are bolted, can 
be seen in Fig. 1. The heat exchanger consists of some 
hundreds of straight tubes lying parallel to the axial 
centre line of the engine. These offer the minimum 
resistance to the turbine exhaust gases, which pass 
straight through. The combustion air is in contact 
with the external surfaces of the tubes, which are 
arranged in 16 sets, divided into eight inlet and eight 
outlet, the sets being separated by headers. The air 

from the transfer tubes radially inwards towards 
the centre of the heat exchanger, where its direction is 
reversed, and it travels radially outwards to the outlet 
headers, which are connected to the combustion cham- 
bers, as shown in Fig. 1. The combustion chambers, 
one of which is illustrated in Fig. 10, on page 372, are 
spaced around the engine between the transfer tubes. 
They are straight, as will be seen from the illustration, 
and are of sheet-metal construction throughout. They 
are interconnected for even-flame distribution and equa- 
lisation of pressure. Two of them are provided with 
sparking plugs to initiate combustion at starting, and 
provision is made for the admission of secondary 
cooling air to the burning mixture to lower the tempera- 
ture to a degree compatible with satisfactory service 
from the turbine-blade material. The mounting of the 
combustion chambers provides for expansion. 

As mentioned at the outset, there are two inde- 
pendent turbines. The first, a two-stage machine, 
drives the compressor and auxiliaries, and the second, 
single-stage, turbine, drives the propeller. It is stated 
that this separation of the compressor and propeller 
turbines was decided on only after much caret consi- 
deration. With mechanically-coupled turbines, the 
question of relative speed control would have been 
difficult and would have rendered the performance of 
the engine very critical; the separation of the two 
drives simplifies operation. A mechanism has been 
incorporated which automatically controls the propeller 
pitch, so as to maintain a constant speed ratio in 
relation to the compressor. e separation of the two 
drives also has the advaritage that the starter motor 
has only to rotate the compressor and not the propeller, 
so that it can be of smaller power. 





Fig. 2. Compressor-TURBINE Rotor. 


The products of combustion pass to a delivery 
manifold provided with 48 tangential nozzles which 
direct the gases to the first-stage rotor blades. Passing 
these, the gases are re-directed to the second-stage rotor 
by the second-stage stator blades. The first- and 
second-stage rotor blades are carried on a single wheel, 
as shown in Fig. 2, on this page. Leaving the second- 
stage blades, the gases are directed to the single-stage 
re sey turbine, which forms, in effect, the third stage, 

y the third-stage stator blades, The propeller-turbine 
wheel, shown in Fig. 11, on page 372, is carried on a 
shaft which is connected to the propeller reduction 
gear. This turbine runs at 9,000 r.p.m. Leaving it, 
the gases pass through a diffuser to the heat exchanger, 
from the rear end of which they are discharged to 
the jet pipe. The turbine casing is formed from three 
separate castings of heat-resisting steel, the third-stage 
casting providing a support for the rear bearing of 
the propeller shaft, the bearing being carried by eight 
radial vanes similar to those described in connection 
with the intake casing. The compressor-turbine 
wheel is of forged high-temperature heat-resisting 
steel to Jessop’s specification G.18B. The hollow hub 
is forged integral with the disc and is splined to transmit 
the drive to the compressor shaft. The propeller 
driving wheel is a Staybr.te forging with an integral 
forged stub to provide support from the rear bear- 
ings. The extended driving shaft is bolted directly to 
the disc, as shown in Fig. 11. The rotor blades are 
forged from heat-resisting alloy and are fixed to the 
wheels by fir-tree type slots, formed by broaching. 
The stator blades are precision castings of the same 
material as the rotor blades. 

The turbine assembly is mounted a from the 
rest of the unit by a secondary triangulated structure 
supported from the main mounting face ; the mounting 
can, be seen in Fig. 1. The arrangement allows for 
any longitudinal expansions and also provides freedom 
for rad.al expansion, while maintaining concentricity. 
The maximum gas temperature at the entry to the 
turbine does not exceed 800 deg. C., and provision is 
made for cooling the wheels by tappings from the 
axial compressor. 

The assembly of the epicycle reduction gear can be 
seen in Fig. 6, on page 372. It is driven by the pro- 
peller-turbine shaft, partly shown ir Fig. 11, which runs 
through, and is co-axial with, the compressor assembly. 
This shaft is supported on a roller bearing at the front 
end and a ball thrust bearing at the rear. It is con- 
nected to the sun wheel of the gear by a gear-type 
coupling, and the sun wheel drives the larger gears of 
four sets of compound planet wheels, which are carried 
in a cage bolted to the propeller shaft. The action of 
the smaller planet wheels on a fixed annular gear causes 
the cage, and hence the propeller shaft, to rotate at 








B.H.P. 


“< 


a 


= 


—— =-_— -—S ee ee eS hh UMD LS ho ae 








Oct. 18, 946. 


ENGINEERING. 





369 











— 


“THESEUS I” 


(e007.c) 






40,000 


PROPELLER GAS-TURBINE AERO-ENGINE. 


MESSRS. THE BRISTOL AEROPLANE COMPANY, LIMITED, BRISTOL. 


ei 7 
-¥ 
wee 
3 

oO. 


? 
+ 





400 600 #00 


Power to 
Airscrew 


= 
2 
N 
2 

















Fie. 5. Om-Pump ASSEMBLY. 


approximately 1,070 r.p.m., the gear reduction being 
about 8-4 to 1. The fixed annular gear is mounted on 
torque dynamometer pistons which serve to equalise 
the tooth load on all the planet wheels. A single-row 
ball bearing is provided to take the propeller thrust. 
The starter and oil sump, as already mentioned, and 
as shown in Fig. 1, are mounted on the intake casing. 
The oil sump incorporates the drives to the oil-pressure 
and scavenge pumps, and a fuel pump, the drive being 
taken from the compressor rotor through bevel gears 
contained in an auxiliary gear casing. The pumps are 
illustrated independently in Fig. 5, on this page. The 
auxiliary casing includes the drive from the starter 
motor, which is connected to the compressor rotor 
through a Bendix drive, the arrangement for controlling 
the propeller pitch-change mechanism also being 
located in this casing. There are six main bearings 
in the complete unit ; two of these carry the propeller 








shaft, two the compressor-rotor assembly, and the 
other two the propeller turbine wheel-and shaft. The 
rear compresscr bearing and the tear propeller-turbine 
bearing are of the single-throw ball type and are capable 
of carrying thrust; in the case of the compressor 
bearing, the thrust of the compressor is balanced as 
far as possible against the thrust of the compressor 
turbine, so that the bearing has to carry only the 
resultant. The forward bearings of both the com- 
pressor and propeller turbine are of the roller type 
and allow for the differential longitudinal expansion 
between the casings and the rotors. 

The only parts of the unit requiring lubrication are 
the bearings, the reduction gear, and the auxiliary- 
gear drive; the latter is taken from the rear of the 

ropeller turbine through an extension shaft and a gear- 

x. A small cooler is provided in the lubricating-gear 
circuit. The oil consumption is of the order of 3 pints 
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an hour. The fuel system is of the design developed 
by Messrs. Joseph Lucas, Limited, and incorporates 
a fuel pump, a barometric control, accumulator and 
dump valve, and fuel injectors; the fuel employed is 
kerosene. Single-lever contro] is arranged for, and this 
will normally operate the fuel delivery only in order 
to obtain the appropriate propeller speed for any 
given flight conditions ; if desired, however, the lever 
may be arranged to control the propeller feathering, 
although under normal conditions the propeller-pitch 
control is automatic. 

The overall] diameter of the Theseus I is 48 in., and 
the overall length 106 in. The dry weight is 2,130 Ib. 
The heat exchanger weights 500 lb., and on an Atlantic 
or other Jong-distance flight will save its own weight 
in fuel after the first few hours. It is claimed by the 
makers that if, for short journeys, the heat exchanger is 
omitted the engine will still have a lower fuel consump- 
tion than other jet engines. Initial flight testing of 
Theseus I is to be carried out on an Avro Lincoln air- 
craft, with the two existing outboard engines replaced 
by the new units. At maximum power, the propeller 
rotates at 1,070 r.p.m. Calculated maximum power 
outputs, under I.C.A.N. conditions, are 2,350 equivalent 
brake horse-power at sea level and 300 m.p.h., and 
1,500 equivalent brake horse-power at 20,000 ft. and 
300 m.p.h. Equivalent brake horse-power is defined 
as the propeller shaft horse-power plus the jet horse- 
power divided by the propeller efficiency. At maxi- 
mum power at sea level, and at 300 m.p.h., the fuel con- 
sumption is 0-57 In. per equivalent brake horse-power 
hour, and at maximum power at 20,000 ft. and 300 
m.p.h., 0-50 lb. per equivalent brake horse-power hour. 
Calculated curves of power and fuel consumption are 
reproduced in Figs. 3 and 4, on this page. Fig. 3 shows 
the airscrew power and the total effective power at 
various altitudes under I.C.A.N. conditions. The air- 
screw efficiency is taken as 80 per cent. and the reduc- 
tion-gear efficiency as 97-5 per cent. Fig. 4 gives fuel- 
consumption curves under I.C.A.N. conditions, the 
airscrew and reduction-gear efficiencies being taken as 
in Fig. 3, and the calorific value of the fuel as 10,300 
C.H.U. per pound. 





BAILEY BRIDGING MATERIAL.—We are informed that, 
owing to the ample provision of Bailey bridging material, 
referred to in the article on “‘ The Evolution of the 
Bailey Bridge,” on page 245, ante, and also to the fact 
that many of these bridges have been replaced by more 
permanent structures, considerable supplies of material 
for the construction of Bailey bridges are now available 
for disposal. Inquiries for this material, which should 
be accompanied by full particulars of the span to be 
crossed and the load to be carried, will be welcomed by 
the Director of Disposals (R.E.), Ministry of Supply, 
Great Westminster House, Horseferry-road, London, 
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THE IRON AND STEEL INSTITUTE. 


THE annual autumn meeting of the Iron and Steel 
Institute will be held in the lecture theatre of the 
Institution of Civil Engineers, Great George-street, 
London, S.W.1, on Wednesday and Thursday, Novem- 
ber 13 and 14. The meeting opens at 10 a.m., on the 
first day, when, after the conclusion of the official 
business, there will be a joint discussion on two papers, 
namely, “‘ The Influence of Port Design on Open-Hearth 
Furnace Flames,” by Dr. J. H. Chesters and Mr. M. W. 
Thring (constituting the Institute’s Special Report No. 
37); and “‘ A Heat-Flow Meterfor use in Furnaces,”’ by 
Mr. R. H. Baulk and Mr. M. W. Thring. An introduc- 
tory address on the purpose and plan of the experiments 
given in Special Report No. 37 will be delivered by 
Dr. Chesters. Three aspects of the report have been 
selected for discussion, and the first, entitled ‘‘ Special 
Instr ts and Technique,” will be introduced by 
Dr. Chesters. The morning meeting is timed to close 
at 12.30 p.m., and the afternoon session willopen at the 
Institution of Civil Engineers at 2.30. The two remaining 
aspects of Special Report No. 37 selected for discussion, 
namely, ‘‘ Thermal Conditions within the Open-Hearth 
Furnace,” introduced by Mr. M. W. Thring, and 
“* General Conclusions,” submitted by Mr. W. Geary, 
will be discussed, and the meeting will close at 5 p.m. 
In the evening from 8 p.m: to 9.30 p.m., there will 
be a display of films on steel manufacture and other 
metallurgical subjects in the lecture theatre of the 
Institution of Civil Engineers. 

On Thursday, November 14, the morning session will 
be from 9.30 a.m. to 12.30 p.m., and three papers will 
be presented and discussed. The first, entitled ‘‘ The 
Origin and Constitution of Certain Non-Metallic Inclu- 
sions in Steel,” is by Dr. J. R. Rait and Mr. H. W. 
Pinder. The second paper, on ‘“‘ The Neutralisation of 
Sulphur in Cast Iron by Various Alloying Elements,” 
is by Mr. H. Morrogh, and the third, on ‘‘ The Removal 
of Hydrogen from Stee!,” is by Professor J. H. Andrew 
and Drs. H. Lee, A. K. Mallik and A. G. Quarrell. 
The afternoon session will commence at 2.30. Four 
papers are on the agenda for this session, namely, 
“The New Annealing Plant for Steel Strip in 
Coils at the Whitehead Iron and Steel Company, 
Limited, Newport, Mon.,” by Dr. B. Jones and Mr. I. 
Jenkins ; “‘The Formulation of Anti-Corrosive Com- 
positions for Ships’ Bottoms and Under-Water Service 
on Steel ; Part II,” by Mr. F. Fancutt and Dr. J. C. 
Hudson; “‘ Report on Anti-Fouling Research, 1942 to 
44,” by the Marine Corrosion Sub-Committee; and 
“Interim Descriptive Statement on the Leaching Rate 
Test for Ships’ Anti-Fouling Compositions,” by the 
Joint Technical Panel on the Leaching-Rate Test of the 
Marine Corrosion Sub-Committee. 








CANADIAN PaciFIC BEAVER FLEET.—An attractive 
brochure has just been issued by Messrs. Canadian Pacific 
Railway, 62, Trafalgar-square, London, W.C.2, giving 
particulars of the express freight service between London 
and Canada provided by the turbo-electric vessels, 
Beaverdell, Beaverglen, Beaverlake and Beavercove. 
A description of the first of these vessels was given in 
ENGINEERING, vol. 161, page 511 (1946), but the brochure 
is concerned more with the transport facilities available 
than with the construction. 

RoOyAL INSTITUTION LECTURES AND DISCOURSES.— 
The Friday evening discourses of the Royal Institution 
for the forthcoming session will be held each week at 
the normal pre-war hour of 9 p.m., and the customary 
procedure and arrangements at the meetings are to be 
restored as speedily as possible. While the Managers 
express the hope that evening dress will be worn, 
they have made no rule on the matter, which is left 
to the discretion of the members. The Managers’ 
aim is to improve the arrangements as circumstances 
permit and eventually to restore the full amenities. 
The first discourse will be delivered, on November 1, 
by Dr. Percy Dunsheath, C.B.E., M.A., whose subject will 
be “‘ New Problems in Electrical Engineering,.’”’ Another 
discourse of interest to our readers will be one on “‘ Com- 
passes: Past, Present and Future,” to be delivered on 
November 29, by Captain H. L. Hitchins, C.B.E., R.N. 
The following courses of lectures are to be delivered 
before Christmas: ‘“‘ Three Astronomical Centenaries,” 
by Sir Harold Spencer Jones, M.A., Sc.D., F.R.S., on 
November 26, December3and10; “ History of Alchemy 
and Early Chemistry,’’ by Dr. J. R. Partington, M.B.E., 
on October 31 and November 7 and 14; “ Problems 
Before Theoretical Physics,” by Mr. N. F. Mott, M.A., 
F.R.S., on November 21 and 28 ; and ‘‘ What Chemistry 
Owes to X-Rays,” by Dr. Kathleen Lonsdale, F.R.S., 
on December 5 and 12. The lectures commence at 
5.15 p.m. in all cases. The 1946-47 Christmas Lectures 
are to be delivered by Professor H. Hartridge, M.D., 
Se.D., F.R.S., whose subject will be ‘“‘ Colours and how 
we see them.” The lectures, which are adapted to a 
juvenile auditory, will commence at 3 p.m. on Decem- 
ber 28 and 31, 1946, and January 2, 4, 7 and 9, 1947. 





BRITISH STANDARD 
SPECIFICATIONS. 


THE following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 


Phosphate Coatings on Steel.—Recommendations for 
phosphate coatings as a basis for painting steel have 
just been issued by the British Standards Institution 
as an interim measure for the assistance of industry. 
In broad terms, phosphating processes consist in the 
treatment of clean steel surfaces, free from mill-scale 
and rust, with solutions of heavy-metal phosphates. 
The treatment can be carried out by immersion or by 
spraying, and results in the formation of a crystalline 
non-metallic coating composed of the insoluble phos- 
phates of the heavy metals. This film possesses some 
protective properties and serves as an excellent basis 
for paints or other organic ‘corrosion-resisting coatings. 
In the new publication, instryctions are given on the 
method of application of satisfactory coatings, and 
elementary tests of the suitability of the coating are 
described. Research is now in progress, and it is 
intended to prescribe performance tests as soon as the 
necessary data are available. The reference number 
of the publication is P.D. 539-1946. [Price ls., postage 
included. } 

Domestic Electric Ovens.—With a view to assisting 
loeal authorities and others responsible for the selection 
of electric cookers for domestic purposes, to assess 
the performance of such cookers, a British Standard 
schedule of tests has been issued as B.S. No. 1315, 
Part 1-1946. The performance of an oven depends 
on a variety of factors, some of which could, perhaps, 
be expressed in scientific terms. At present, however, 
the only really satisfactory basis for the assessment of 
the performance is a series of actual cooking tests. In 
the new specification, a series of tests for a wide variety 
of cooking operations is prescribed, and in each test 
the ingredients and the method are described in detail. 
[Price 2s., postage included.1 





BOOKS RECEIVED. 


The British Electrical and Allied Industries Research 
Association. Technical Report W/T11l. Artificial 
IUumination in Horticulture. Critical Résumé. By 
DOROTHY BRANDON. Offices of the Association, 15, 
Savoy-street, Strand, London, W.C.2. [Price 4s. net.] 

The Institute of Petroleum. General Discussion on Trans- 
jJormer Oils. Offices of the Institute, 26, Portland-place, 
London, W.1. [Price 7s. 6d., post free.) 

Homes by the Million. An Accownt of the Housing Methods 
of the U.S.A., 1940-1945. By HueH Casson. Penguin 
Books, Harmondsworth, Middlesex. [Price 2s. net.) 

** Mechanical World”’ Monographs. No. 28. Starting a 
New Industry. By A. Laszio. Emmott and Company, 
Limited, 31, King-street West, Manchester 3. [Price 
2s. 6d. net.) 

The Institution of Mechanical Engineers. Proceedings. 
Volume 153. War Emergency Issues, Nos. 1 to 12, 
1945. Offices of the Institution, Storey’s-gate, St. 
James’s Park, London, S.W.1. 

Electricity in the Building Industry. By F. ©. ORCHARD. 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 15s, net.) 

End of a Chapter. 1939 to 1945. 
Limited, Albion Works, Sheffield. 

House Out of Factory. By. Joun GitoaG and Grey 
WorNUM. George Allen and Unwin, Limited, Ruskin 
House, 40, Museum-street, London, W.C.1. [Price 
15s. net.) 

Colliery Explosions and Recovery Work. A Tertbook for 
Candidates for the First-Class Managers’ and Under- 
Managers’ Certificates. By Dr. J. W. WHITAKER and 
Dr. H.L. WILLETr. Second edition. Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 12s. 6d. net.] 

Finishing Metal Products. By HERBERT R. SIMONDS 
and ADOLPH BREGMAN. Second edition. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4 dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 20s.] 

The Transport Situation in Europe. No.9. June, 1946. 
Compiled by the EUROPEAN CENTRAL INLAND TRANS- 
PORT ORGANISATION. Offices of the Organisation, 
79, Avenue des Champs Elysées, Paris (8e), and 40, 
Grosvenor-square, London, W.1. [Price 5s. net.] 

Co-Partnership To-Day. .A Survey of Profit-Sharing and 
Co-Partnership Schemes in Industry. The Advisory 
Committee on Policy and Political Education, 58, 
Victoria-street, London, S.W.1. [Price 1s.] 

City and Guilds of London Institute. Department of 
Technology. Report on the Work of the Department for 
the Year 1945. John Murray, Albemarie-street, 
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PERSONAL. 

Mr. T. H. SEATON, assistant to Engineer (Main- 
tenance), London and North Eastern Railway, has been 
made Assistant Engineer (Maintenance), London. Mr, 
J. I. GAMPBELL, assistant to Engineer (Construction) js 
to be Assistant Engineer (Construction), London, and 
Mr. J. RaTTER, district engineer, Guide Bridge, is to be 
permanent-way assistant to Engineer, London. Mr, 
C. B. GLENESK has been made district engineer, Guide 
Bridge. Mr. S. Kina, assistant to Chief Mechanical 
Engineer (General) is to be Assistant (Cost Control), aid 
Mr. R. Hart-DavisEs, technical assistant, Chief Mec},- 
anical Engineer’s Office, Doncaster, is made Assist. it 
(Locomotive and General). Mr. 8. C. H. Fossrvr, 
assistant docks-machinery engineer, has been appointed 
principal assistant, Carriage and Wagon Works Manag-r, 
York. Mr. J. ATHEY, district docks-machinery engin<e,, 
Grimsby and Immingham, will also assume responsibiliiy 
as deputy docks machinery engineer. 

Mr. J. E. MACLAREN has been appointed to sucew «| 
the late Mr. E. C. FARRELL as managing director of the 
B.S.A. Tool Group of Companies and will take up this 
appointment on November 1. 

Mr. W. H. SHarp has been appointed assistant mana:- 
ing director of Messrs. Thomas Smith and Sons (Rodley ), 
Limited, crane and excavator manufacturers, of Rodl: 
Leeds. Mr. F. JOHNSON has been made a local directo: 
of the company. 

Mr. A. L. NICKERSON, chairman of the Vacuum (i! 
Company, Limited, has accepted an important assign- 
ment in the head office of the Socony-Vacuum Oil Com- 
pany, Incorporated, New York, and will leave shortly 
for the United States. Mr. H. W. Rocke, who joined 
the Vacuum Oil Company in 1933, has been appointed 
managing director. 

Mr. G. J. Dickrns has been appointed acting divisional 
superintendent, Trams and Trolley-buses (Northern 
Division), London Passenger Transport Board. 

Mr. JAMES W1tson, M.1I.Mech.E., is now Principal of 
the Birmingham Central Technical College. 

Mr. WILFRED Hirst, A.M.I.Mech.E., has relinquished 
his position as industrial engineer with Messrs. David 
Brown and Sons (Huddersfield), Limited, to take up an 
appointment as technical representative with Messrs. 
George Angus and Company, Limited, St. Anthony’s, 
Newcastle-upon-Tyne, 6. 

PRoFEssOR DUNCAN McMILLAN, M.C., M.I.Mech.E., 
has been appointed Dean of the Faculty of Engineering 
of the University of Cape Town. 

Mr. A. J. Gress Smrru, 477, Streetsbrook-road, Soli- 
hull, Warwickshire, has resigned hix office of honorary 
secretary to the Birmingham and Midlands branch of 
the Institute of Export, owing to pressure of work. 

Mr. G. A. J. Beac, B.Sc. (Tech.), M.I.Mech.E., 
A.M. Inst.C.E., is now chief engineer and delegate director 
of I.C.1. (Alkali), Limited, Northwich. 

Mr. R. L. MrrcHELt has been appointed secretary of 
the Society of British Aircraft Constructors. Mr. R. T. 
Hueues has joined the Society as secretary of the Export 
Division and of the Export Committee. Mr. E. C. 
BowveEnr is the chief executive and director of the Society. 

Mr. C. G. McCAULIFFE, B.A., on relinquisbing his 
appointment as Controller of Light Metals in the Ministry 
of Supply, has taken up an appointment as a depart- 
mental manager in the sales division of the British 
Aluminium Company, Limited, Salisbury House, London 
Wall, London, E.C.2. i 
Mr. F. BavaGu, for many years crucible and refractory 
representative in the Midlands of the Carborundum 
Company, Limited, has resigned, and has been succeeded 
by Mr. R. G. HOLMEs. 

Mr. JoHn H. BunNTING, British manager, Ateliers de 
Constructions Electriques de Charleroi, Belgium, 56, 
Victoria-street, London, S.W.1, is retiring under the age 
limit at the end of this year. He will be succeeded by 
Mr. W. H. WApMORE as from January 1, 1947. 

Messrs. SHILLAN’S ENGINEERING COMPANY, LIMITED, 
Britannia House, Ampton-street, London, W.C.1, have 
taker over the exclusive rights for the sale and service of 
Briggs and Stratton engines in the British Isles. 

Messrs. SANDBERG, consulting engineers, 40, Gros- 
venor-gardens, London, S.W.1, have been reappointed 
by the administration of the Royal State Railways of 
Siam to act for them in connection with the purchase and 
inspection of railway materiais. 

Messrs. THE FAIREY AVIATION COMPANY, LIMITED, 
Hayes, Middlesex, now have a London office at 24, Bruton- 
street, London, W.1. (Telephone : MAYfair 4448.) 





ROYAL STATISTICAL SocteTY.—The inaugural meeting 
of the recently formed study section of the Royal 
Statistical Society will be held at the Royal Society of 
Arts, John Adam-street, Adelphi, London, W.C.2, at 
6 p.m., on Wednesday, October 23, when the policy, 
programme and scope of the section, and the arrange- 








London, W.1. [Price 1s. net.] 





ments for the current session, will be discussed. 
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NOTES FROM THE NORTH. 
GrLascow, Wednesday. 

Scottish Steel.—The bricklayers strike continaes. The 
men have found employment in other directions, chiefly 
jn the building industry, and so long as steady work is 
available to them in building there is little likelihood 
of a general return to the steelworks. The output of 
steel has fallen to about 60 per cent. of normal as a 
result of idle furnaces, awaiting relining and repair, but 
methods improvised in an endeavour to maintain pro- 
duction have met with some success. This week, four 
melting furnaces at Dalzell Works, Motherwell, have 
been brought into working condition, but the arrears of 
repairs are slowly overpowering all efforts at improvisa- 
tion, and steelmakers may be brought to a complete stop 
in another few weeks. Cold-steel stocks are rapidly dis- 
appearing. No. 4 bar mill at Dalzell is now out of action, 
which is seriously embarrassing many of the smaller 
section and bar mills which depend on the No. 4 unit 
for their billets and rounds. Solid-drawn tubemaking 
will be affected seriously by the failure of their supplies 
of rounds, and re-rollers generally will have their deliv- 
eries of semis restricted. No. 4 mill, however, will be 
restarted, it is understood, as soon as raw material to 
cover a full week’s work at the mill is available. Shipyards 
and engineering shops so far have managed to obtain 
exceptionally good tonnages, but they are now finding 
the position increasingly difficult. Structural engineers 
are feeling the position more acutely than others. 
Shortage of railway wagons is an acute problem for steel- 
makers at present. 

Scottish Coal.—Supplies have been comparatively easy 
this week, due to steady working at the pits and the better 
weather. The demand for heating purposes generally 
is moderate, and there is, therefore, no special pressure on 
producers to increase supplies for these purposes. House 
coal, for example, is being consigned in quantities equal 
to the full basic allocation, and stocks at the depots 
have been increasing fairly satisfactorily. A new winter 
supply programme, due to commence at the end of 
October, is mooted. The low level of stocks at electric 
power-stations rather suggests that the new programme 
will be arranged so as to permit more coal to reach them, 
but otherwise no great change is expected in the existing 
programme. The outlook for industrial consumers is 
still rather gloomy. It is believed that there is in 
Scotland no more than 75 per cent. of the tonnage 
it is estimated industry will need during the winter. 
The hint of a cut in gas and electricity consumption 
suggests @ revival of the compulsory cut imposed in 
previous years, but it is not known here how the Minister 
can make the cut effective without inflicting serious 
injury on production generally. At all events, the 
market here is not unduly pessimistic, the general opinion 
being that any hardship to industry will be only for 
short periods. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Tron and Steel.—Steady progress is being made with 
the modernisation and re-equipment of iron and steel 
foundries, in spite of the delays in the execution of orders 
for plant. There is a large and growing demand for light 
repetition castings, but delays in the national building 
programme are retarding work in some of the foundries. 
Steel production is steadily increasing as additions to the 
labour force are made. There is still a shortage of skilled 
men, in spite of special efforts to attract them to the 
rolling mills and forges. Users of high-carbon steels are 
complaining of interruptions in the delivery of sheets 
and bars to the agricultural and othtr steel trades. 
Considerable pressure is being exerted to expedite the 
delivery of agricultural-machine parts and tools. High- 
speed tool steels are in strong demand, and there are 
heavy arrears in the orders for stainless and heat- 
resisting steels. 

South Yorkshire Coal Trade.—One dispute has affected 
the output of coal, which, at the majority of the pits, 
has shown a little improvement as a result of the pro- 
duction drives. Further curtailment of export business 
has made it possible to maintain deliveries to industrial 
users and public utilities at a fairly satisfactory level. 
More coking coal would be welcomed. Merchants are 
making some small additions to the reserve of house 
coal they are building up for use in émergency. 





Stk WILLIAM J. LARKE MEDAL.—The Council of the 
Institute of Welding, 2, Buckingham Palace-gardens, 
Buckingham Palace-road, London, 8.W.1, have conferred 
the Sir William J. Larke Medal and a prize of 501., upon 
Dr. H. Gottfeldt, for a paper, entitled “‘ Welded Drag- 
Line Booms of 150 ft. Length,” which describes the 
fabrication of welded drag-line booms for use in open-cast 
coal workings. The paper will be read at a meeting 
of the Institute, to be held in London on October 31. 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Welsh Coal Trade.—A scheme devised to obtain 
the increased output of coal so urgently needed has been 
put before the Government by Mr. D. J. Williams, M.P. 
for Neath, and is being considered by the Minister of 
Fuel and Power. It is a points output plan, points 
being awarded to miners to enable them to get extra 
rationed foods. It is also suggested that the scheme 
might be extended to an extra allocation of clothing 
coupons and priority dockets for furniture and bedding. 
The privileges, however, would only be enjoyed by 
miners who put in regular attendance at the collieries 
and whose outputs reached a certain level. It has been 
stated that some miners have no inducement at present 
to work and earn extra money because there is nothing 
on which they can spend their earnings. Outputs at the 
South Wales mines have shown steady improvement, 
but in spite of this there has been an acute scarcity of 
supplies on the steam-coal market. A heavy home 
trade is being conducted, substantial quantities being 
sent under contracts to the railways and other public- 
utility concerns, all of whom hold large contracts for 
some time to come. In addition, there is a sustained 
demand from home industrial consumers, and domestic 
requirements are showing the usual] seasonal increase. 
Consequently, there is very little coal for export. Practi- 
cally the only coals released were some of the inferior 
sorts for shipment to Eire and a little coke breeze for 
delivery to Denmark and Switzerland. Some cargoes 
of the better grades are being sent for use as bunkers 
at the foreign coaling stations, and there is good business 
in hand for bunker supplies at home ports. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The conditions in the North of 
England iron and allied trades are viewed with grave 
coneern. The total tonnage output is considerably below 
current requirements, and the demand is still increasing. 
Makers of commodities urgently needed in large quan- 
tities are overwhelmed with orders and are unable to 
meet the delivery claims under running contracts. 
Formidable among the impediments to an increase in 
production are the fear of a fuel famine and the shortage 
of suitable map-power. The tonnage of ironstone from 
the Cleveland mines reaching the blast-furnaces is still 
considerably less than is desirable, but the supplies of 
high-grade foreign ore coming to hand are satisfactory. 
An increase in capacity for the production of pig iron is 
much needed. Larger outputs of semi-finished steel or 
substantial imports of overseas products are essential to 
cope with the requirements of the re-rolling mills. 

Foundry and Basic Iron.—The make of ordinary 
foundry pig iron has diminished considerably, and users 
are largely dependent on regular deliveries from other 
producing areas. Most of the iron reaching North-East 
Coast light foundries is from the Midlands,and much larger 
supplies from that area would be welcomed. There is 
no basic iron on the gnarket, the whole of the output 
being retained for the makers’ own consuming plants. 

Hematite, Low-Phosphorus and Refined Iron.—The 
distribution of East-Coast hematite is maintained at a 
sufficiently high level to cover requirements for home 
purposes and producers are understood to have moderate 
stocks, but merchants are unable to secure permits for 
the shipment of cargoes to customers abroad. Rather 
larger supplies of low- and medium-phosphorus grades 
of iron are promptly taken up by consumers. Refined-iron 
manufacturers have good bookings and are handling 
their orders satisfactorily. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers are turning out substantial tonnages 
and dealing efficiently with customers’ requirements, 
but all classes of steel are wanted in much greater 
quantities than are obtainable. There is a heavy demand 
for finished steel. Sheet and plate makers are fully sold 
over the next six months, and are not inclined to entertain 
business offered for supply over periods up to the end 
of June next. Rail mills are very busily occupied, and 
branches of the industry producing railway chairs and 
fishplates are also actively engaged ; locomotive and wagon 
builders are demanding larger deliveries of steel requisites. 
Colliery equipment continues in great demand and 
makers of pit props, arches and colliery roofings have 
extensive contracts in hand. 


Scrap.—There are abundant supplies of good scrap to 
meet the continued heavy demand; the commodities 
most needed are cast iron, machinery metal, and heavy 
steel scrap. 





WEIsH INDUSTRIES FaiR.—A Welsh Industries Fair 
will be held from January 1 to 7, 1947, at the Royal 
Horticultural Hall, London, S.W.1. Particulars are ob- 
tainable from the Secretary, 17, Windsor-place, Cardiff. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





NORTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Students’ Section: Saturday, 
October 19, 2.30 p.m., Neville Hall, Newcastle-upon- 
Tyne. Presidential Address, by Mr. S. B. Rochester. 


INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 
North Wales Centre: Monday, October 21, 6 p.m., Royal 
Institution, Colquitt-street, Liverpool. ‘‘ Power Supply 
for Generating Station Auxiliary Services,” by Mr. W. 
Szwander. London Students’ Section: Monday, Octo- 
ber 21, 7 p.m., Victoria-embankment, W.C.2. Chair- 
man’s Address, on “The Power Transformer,” by Mr. 
R. V. Darton. North Midland Installations Group : 
Tuesday, October 22, 6 p.m., Electricity Department, 
Whitehall-road, Leeds. Inaugural Address, by Mr. 
J. G. Craven. Scottish Centre: Wednesday, October 23, 
6 p.m., Heriot-Watt College, Edinburgh. “ Rural 
Electrification : the Single Phase System,’ by Messrs. 
J. 8. Pickles and W. H. Wills. Measurements Section : 
Friday, October 25, 5.30 p.m., Victoria-embankment, 
W.C.2. Chairman’s Address, by Mr. L. J. Matthews. 


CHEMICAL Society ; Royal INSTITUTE OF CHEMISTRY 
and Socrety or CHEMICAL INDUSTRY.—Monday, Octo- 
ber 21, 6 p.m., School of Hygiene and Tropical Medicine, 
Keppel-street, W.C.1. “A New Notation for Organic 
Chemistry,’’ by Dr. G. Malcolm Dyson. 


INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.— North-East Coast Branch: Monday, Octo- 
ber 21, 6.30 p.m., Neville Hall, Newcastle-upon-Tyne. 
*“ Boiler Construction,” by Mr. J. Smith. 


INSTITUTION OF MECHANICAL ENGINEERS.— Midland 
Graduates’ Section: Monday, October 21, 7.15 p.m., 
James Watt Institute, Birmingham. ‘“‘A Century of 
Naval Engineering,” by Engr. Vice-Admiral Sir John 
Kingcome. North-Western Administration and Pro- 
duction Group: Thursday, October 24, 6.45 p.m., 
Engineers’ Club, Manchester. ‘‘ Use of a Standard 
Limit System,” by Mr. John Loxham. Southern Branch : 
Thursday, October 24, 6.45 p.m., Royal Aircraft Estab- 
lishment, Farnborough. ‘“‘ Development of Gas Turbine 
Power Plants for Traction Purposes in Germany,” by 
Lieut.-Col. E. H. Bright. 


INSTITUTION OF CriviL ENGINEERS.—Tuesday, October 
22, 5.30 p.m., Great George-street, S.W.1. Debate : 
“That this Meeting is in Favour of New Works Being 
Carried Out by the Contract System in Preference to 
Execution by Direct Labour.” Yorkshire Association : 
Friday, October 25, 7 p.m., Great Northern Station 
Hotel, Leeds. “‘ Drainage Works in Holland,” by Mr. 
H. J. Paul. 


INSTITUTION OF PRODUCTION ENGINEERS.—North- 
Eastern Section : Tuesday, October 22, 6.30 p.m., Neville 
Hall, Newcastle-upon-Tyne. “‘ Production Engineering in 
Shipyards,” by Mr. J. Botwright. Wolverhampton Section : 
Tuesday, October 22, 7 p.m., Wisemore Schools, Walsall. 
“Fine Measurement,” by Mr. J. Loxham. London 
Section: Thursday, October 24, 6.30 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, S.W.1. “ Plain 
Bearing Design,”’ by Mr. W. H. Tait. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, October 22, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ Powdered Metals and the 
Engineer,” by Mr. H. W. Greenwood. 


Royal UNITED SERVICE INSTITUTION.—Wednesday, 
October 23, 3 p.m.; Whitehall, S.W.1. ‘“‘ The Luftwaffe 
and Its Failure,”’ by Air Vice-Marshal Sir Thomas W. 
Elnhirst. 


RoyYAL AERONAUTICAL SoOcrETY.— Wednesday, October 
23, 6 p.m., Institution of Civil Engineers, Great George- 
street,S.W.1. ‘“‘ Blind Landing,” by Mr. H. F. Pritchard. 


RoyAL SratistTicaL Socretry.—Birmingham Industrial 
Applications Section : Wednesday, October 23, 6.30 p.m., 
95, New-street, Birmingham. ‘“‘ Market Research,” by 
Mr. A. 8S. Wharton. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
October 24, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
Presidential Address, by Professor H. J. Collins. 


INSTITUTION OF SANITARY ENGINEERS.—Friday, Octo- 
ber 25, 6 p.m., Caxton Hall, Victoria-street, S.W.1. 
“ Codes of Practice,” by Dr. C. Rowland Woods. 


JUNIOR INSTITUTION OF ENGINEERS.—Friday, October 
25, 6.30 p.m., 39, Victoria-street,S.W.1. ‘‘ Water Purmp- 
ing Machinery,” by Mr. H. K. Hewitt. 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 25, 6.45 p.m., Engineers’ Club, Manchester. 
Discussion on “ Production of Flat Surfaces,” to be 
opened by Mr. R. Whibley. 
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“THESEUS I” PROPELLER GAS-TURBINE AERO-ENGINE. 
MESSRS. THE BRISTOL AEROPLANE COMPANY, LIMITED, BRISTOL. 
(For Description, see page 367.) 





4 L 
y 4 


"4 


ae th oe ae 




















Fie. 6. Repuction-GeaR ASSEMBLY. Fia. 7. Compressor Rotor. 


























Fig. 8. Hair or Compressor CasIna. Fie. 9. Section or CompressoR Rotor BreroreE BLapDIna. 





‘a4 
2 























Fie. 10. CompBusTion CHAMBER. Fig. 11. Propeciter-TurBINE Rotor. 











PR. 




















Oct. 18, 1946. ENGINEERING. - 373 
CONTENTS. wieldy for convenient organisation ; that they had 
EN GIN EERIN G. PAGE | under-estimated the amount of organisation involved 
Improved Electronic Engine Indicator (JUus.)........ 361] and the time required for it; that they were not 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection existe between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMP.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
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Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
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Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £2 18 6 
Thick paper copies ............ 3 0 
For all other places abroad— 
Thin paper copies ................ £3 3 0 
Thick paper copies _........ £3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty- two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 





Classified advertisements intended for insertion in 
the current week's issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors wil] not hold themselves eee 
for advertisers’ blocks left in their possession ore 
than two years, 
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THE ‘‘FUEL AND THE 
FUTURE ’’ CONFERENCE. 


More than 180 papers, apart from introductory 
addresses and closing summaries, were presented 
during the three days, October 8, 9 and 10, occupied 
by the ‘‘ Fuel and the Future ” Conference held in 
London by the Ministry of Fuel and Power. Not 
all were of equal merit, as was to be expected, but 
comparatively few could be dismissed as a sheer 
waste of time, and some—for instance, the opening 
series on ‘‘ The Availability of Water-Tube Boilers ” 
—contained in themselves almost enough justifica- 
tion for a conference ; for it must be admitted that, 
however cogent may be the arguments presented in 
a pamphlet, there are always some minds which 
absorb information more readily through the ear 
than the eye. The symposium on “ District Heat- 
ing,” too, must have had a considerable propa- 
ganda value, the fruits of which may appear in the 
near future. These are but two of the numerous 
subjects covered (or, at least, given some publicity) 
by the Conference, and it may well be that a sub- 
stantial proportion of those delegates and members 
who, as time wore on, found themselves becoming 
more interested in the hardness of the official chairs 
than in the good advice which was being distributed, 
may consider that the eventual volume of reports is 
not an inadequate compensation for their penance. 

Having suggested that possibility, however— 
without necessarily subscribing to its probability, 
so far as concerns the executive experts in the 
impressively large audience—we are still led to 
wonder who conceived the idea of this particular 
conference, whether the actual extent of the pro- 
gramme was visualised at the outset, and why this 
particular time should have been chosen for it. It 
gave the impression of a propaganda device intended 
to induce some support (or, at least, tolerance) of 
a Ministry which, to put it mildly, is not regarded 
universally as being either essential or conspicuously 
successful, but which is certainly expensive. Gran- 
diose as the conception was, or the realisation 
became, there were signs at times which might be 
variously interpreted as evidence that the origina- 
tor(s) hardly appreciated the magnitude of the 
undertaking until it was already almost too un- 








quite sure to whom the primary appeal should be 
addressed ; and that there was some confusion of 
purpose between those who sought to lay the 
principal stress upon the technical aspects of the 
subjects under discussion, and those (presumably 
on a fairly high level) who regarded the occasion 
chiefly as an opportunity for political publicity. 

Undoubtedly, there were some addresses which 
were excellent in manner and matter, well-illus- 
trated, and calculated to stimulate a hearer’s mental 
processes. A certain proportion were of fairly 
general applicability, not too technical for lay 
appreciation, and containing advice which, properly 
followed, would enable the inexpert in fuel tech- 
nology to obtain improved performance from 
various combustion appliances and fuel-consuming 
processes. Others, however, attained technological 
levels hardly to be explored to full advantage with- 
out a printed text as guide ; and that guidance was 
not always forthcoming. Others again tended to 
rely unduly upon mere exhortation, of a kind to 
leave the hearer wondering whether it was really 
worth the expense and inconvenience of coming 
from a distance to hear; and in far too many cases 
the presentation of the arranged addresses took 
up the whole of the time available, leaving none for 
discussion. There is a time factor in these things 
which has a very important bearing on ultimate 
utility ; and when no copies of papers are available 
before or at the meeting, and discussion is only 
possible subsequently, by correspondence, ideas and 
opportunities are likely to be lost, and a feeling to 
be induced that, after all, a pé@rsonal attendance 
was hardly warranted. There were indications, 
incidentally, that this feeling was not confined to 
the audiences ; some of the spokesmen in different 
sessions inclined to be critical of the basic idea of a 
conference of such magnitude. 

One of the most outspoken critics in this respect, 
and of the Ministry’s attempts to restrict fuel 
demands to conform to the diminution in supplies, 
was Colonel P. G. J. Gueterbock, the President of 
the Institute of Metals. While urging the import- 
ance of the scientific approach to fuel economy on 
the part of industry, he emphasised that the Ministry 
and those acting on its behalf should not be back- 
ward in adopting the same attitude of mind. Cuts 
in fuel consumption, he considered, should be made 
more scientifically than by merely suggesting an 
overall percentage saving, penalising the users 
who had been maintaining a high standard as 
compared with those who continued to use fuel 
wastefully and whose operating conditions therefore 
offered more opportunity to effect substantial 
economies. His most pointed comment, however, 
came in his concluding remarks, in which he ex- 
pressed the view that some enthusiasts, in the 
Ministry and outside of it, were losing a great deal 
of goodwill by constantly harassing managements 
with an excess of conferences and committees. 
‘* There is a tendency,” he said, “‘ to treat the matter 
as if they were organising a flag day; I have heard 
a good deal of grumbling on that score in the course 
of my own contacts with industry.” 

That there is reason for this complaint was evident 
enough in the various Ministerial speeches at the 
opening and close of the Conference, and especially 
in those of the Minister of Fuel and Power himself, 
who appears in general to be much more concerned 
to stick dialectical pins in his political opponents, 
for the entertainment of his supporters, than to 
make an impartial appraisal of a situation which is 
unquestionably disturbing and to remedy it by the 
only effective method, namely, by an increase in 
the output of coal. That the maximum economy 
in the use of fuel is not yet attained is undeniable, 
and that every possible effort should be made to 
promote improved efficiency is a principle which 
no industrialist is likely to oppose, if only because 
waste of fuel is an extravagance for which he must 
pay out of his own pocket; but that is no excuse 
for the kind of electioneering rhetoric in which Mr. 
Shinwell indulges so often, in and out of season. 
It would seem, indeed, that he has been so long 
engaged in this kind of cut and thrust that he is 
now quite unable to resist an opportunity to attempt 
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to discredit the opposition, whatever the occasion, 
or to distinguish between mere prejudice (to which 
he has been exposed much less than he appears to 
imagine) and serious criticism: based on demon- 
strable facts. It is our own firm belief that the 
average user of fuel, whether an industrial or a 
domestic consumer, cares little or nothing about 
the colour of the Fuel Minister’s tie if only a 
steady and sufficient supply of the right kind of 
fuel ean be assured, at an economic price. 

To judge by the Minister’s remarks at the con- 
cluding meeting of the Conference, however, he 
still fails to appreciate that this is so. That 
he should decry as ‘‘a complete perversion of the 
facts ” any suggestion that the Ministry of Fuel and 
Power had “only realised within the past few days 
the possibility of a grave breakdown in fuel supplies ” 
need not be taken too seriously ; a certain ration 
of hyperbole may be allowed to any Government 
spokesman on occasion. What is less easily con- 
doned is the kind of comment typified by Mr. 
Shinwell‘s statement, with regard to the coalmining 
industry, that “‘there has been a persistent search 
for additional labour, but in this matter we are 
suffering from years of disparaging and gloomy 
propaganda”; an interesting admission that the 
disparagement and gloom were, after all, only 
‘ propaganda,” but one which must seem, to any 
persistent reader of Hansard, to come rather curi- 
ously from that particular quarter. Then, too, it 
must be regarded as a little inconsequential, at the 
least, for a responsible Minister to say that ‘“‘ the 
rise in consumption of electricity compared with 1938 
has been phenomenal,” and that “the position was 
disturbing ; ” since, right up to the outbreak of war, 
strenuous efforts were being made to extend electrifi- 
cation, and practically the whole of the war-time 
and subsequent extensions of industrial plant have 
represented additions to the electrical load of the 
country, this result must have been predictable 
with some exactitude a long way in advance and can 
hardly be correctly described as ‘‘ phenomenal.” 

In his assertion that “the present labour force, 
provided wastage can be made good, is capable of 
producing sufficient for our purpose,” the Minister 
can be assured of general agreement ; but the fact 
remains that the present labour force is not produc- 
ing nearly enough. The Minister must know as well 
as anyone that the reason can be given in a single 
word—absenteeism, the cure for which appears to 
elude him as persistently as ever. How, in view of 
this disability, he proposes to implement his perora- 
tion, that ‘‘ This fuel problem must be solved and 

. we are determined that it shall be,”’ remains to 
be seen; but here again he does not help matters 
by yielding to temptation and declaring that, of the 
“many difficulties” in the way, “‘ most are not of 
our making, but derive from a disordered and ugly 

.” There may be occasions in which such an 
interjection would be in order, but a presumably 
technical conference hardly appears to be one of 
them ; it is merely another example of propaganda, 
of a completely unhelpful sort. 

It is a little invidious, perhaps, to attempt to 
single out particular technical aspects of the Con- 
ference for special prominence, because their relative 
importance is not necessarily reflected in the num- 
bers attending individual sessions but depends on 
many other factors, not always obvious. Neverthe- 
less, the opinion may be repeated that those deal- 
ing with “‘ The Availability of Water-Tube Boilers” 
and with “ District Heating” appear to offer the 
most promising prospects of large-scale improvement 
in the efficiency of fuel utilisation as a direct result 
of the added publicity afforded by the Conference. 
Yet, neither of these sessions brought out any 
appreciable amount of information that was not 
available already to those in a position to take 
advantage of it, and only district heating, as a 
subject, appeared to make any notable appeal to 
the daily Press. If there is any moral in this, it is 
that the organisers of the Conference should consider 
carefully, before repeating the experiment, whether 
it would not be better to make a clear division 
between the technical and the lay public and not 
attempt to deal with both at once. In any case, 
they should realise that it is not possible to hold 
seven or eight meetings simultaneously and score 
100 per cent. “* coverage ” with their appeal. 








THE DOMESTIC AND 
INDUSTRIAL LOADS. 


“THE average use of electricity by domestic 
consumers has become a recognised criterion of 
the standard of living.” This statement is made in 
the Thirty-Eighth Annual Report of the Hydro- 
Electric Power Commission of Ontario, which deals 
with the Commission’s activities in the year ended 
October 31, 1945. Mr. V. Z. de Ferranti, who 
referred to the matter in his recent presidential 
address to the Institution of Electrical Engineers, 
referred to on page 350, ante, would evidently be in 
agreement with this opinion. The Hydro-Electric 
Commission’s report quotes the Edison Electric 
Institute to the effect that ‘“‘a new milestone of 
100 kilowatt-hours per month average residential use 
of electricity has been reached in the United States.” 
Mr. Ferranti, from his analysis of present trends, 
suggested that an average annual consumption per 
head of population of 2,850 kWh might be attained 
by 1960. This figure is not directly comparable with 
the 1,200 kWh (100 per month) given by the Edison 
Electric Institute, as it includes the industrial load, 
but Mr. Ferranti stated that for many years the 
consumption in his own “all-electric” house had 
been 6,000 kWh per person per annum. There are 
probably not many dwellings which have reached 
this standard, and no useful comparison can be 
made between selected cases and the average. 

Probably, it would generally be expected that 
United States consumption per head would be near 
the top of any comparative list, but the Hydro- 
Electric Commission state that the 1,200 kWh per 
annum was reached in the cities in its area of supply 
by 1925, in the towns by 1929, and even in villages 
by 1937. In the cities, the average domestic con- 
sumption passed the 2,400 kWh mark in 1941. 
In 1944, the average consumption per domestic 
consumer in 300 “urban communities ’’ was 2,280 
kWh, and in two cities and one town exceeded 
4,800 kWh. As these comparisons with the United 
States figures are given in the report, they are 
presumably justified, but there is not sufficient 
information given to enable this to be checked. 
The Hydro-Electric Commission furnish current 
to municipalities, supplies directly to large power 
consumers, and operates rural services. The report 
states that, in all, 922 municipalities in Ontario 
are served, but about one-third of these come under 
the rural service and 45 are supplied directly by 
the Commission. A list of rates charged in 321 
urban municipalities for domestic service, com- 
mercial light service and power service is given, 
but the information provided does not make it 
possible to determine whether the rate of consump- 
tion of 4,800 kWh per inhabitant quoted represents 
the total supply to a town and includes commercial 
lighting and power. If so, it does not appear 
to be directly comparable with the 1,200 kWh 
United States figure if this means what it appears 
to and refers only to the “residential use of 
electricity.” 

Although, on general grounds, the United States 
would appear to be likely to show a high figure of 
consumption per head, it is quite possible that a 
Canadian town may surpass that country’s average. 
In the great American cities, electricity has to meet 
the competition of a highly-developed gas industry, 
and that of solid and liquid fuel in their use in 
central-heating installations, whereas there may 
well be Canadian towns in which no alternative 
heating service is available. The Report of the 
Hydro-Electric Power Commission is not mainly 
concerned with comparisons between electrical 
progress in Canada and elsewhere, but its incidental 
reference to this matter serves to illustrate the 
important position which the domestic load is 
taking in the overall economic stability of the 
electricity-supply industry. The end of the war 
naturally resulted in a decrease in power load, owing 
to the closing down of munitions plants or the cur- 
tailment of their production, and, particularly, to 
the falling-off in the demand from aluminium and 
other metallurgical plants. In spite of this, the 
load on the Commission’s systems in 1945 was 
the highest ever reached, municipal demand more 
than compensating for the decrease in industrial load. 
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The Hydro-Electric Power Commission of Ontario 
operates three independent systems of widely 
different types. They are known, respectively, as 
the Southern Ontario System, the Thunder Bay 
System, and the Northern Ontario Properties, 
The first, which includes Toronto and Hamilton, 
is by far the most important. It had a 20-minutes 

horse-power of 2,185,012 in December, 1945, 
On the Thunder Bay system, the coincident peak 
horse-power was 140,483; and on the Northern 
Ontario Properties, 291,517 h.p. All these systems 
showed an increased consumption in 1945 as com- 
pared with 1944, but it was mainly in the Southern 
Ontario area that the growth in the municipal load 
compensated for the drop in industrial demand ; 
munition plants were naturally mainly situated 
in this industrialised and highly-developed part of 
the Province. Incidentally, it should be noted that 
the increase in the non-industrial load can he 
explained partly by a return to standard time in 
the winter months and partly to the abandonment 
of the appeals for economy in the use of current in 
the home. 

The Thunder Bay area, which lies to the north 
of Lake Superior, in the neighbourhood of Lake 
Nipigon, contains six municipalities to which current 
is supplied. The two larger are Port Arthur and 
Fort William, in both of which the average load 
increased by 7 per cent. during the year. The 
average load on the Thunder Bay system was 
120,010 h.p. in 1945, and of this, supplies to Port 
Arthur and Fort William represented about a 
quarter; consumption by the remaining four 
municipalities was very small. The major part of 
the demand comes from mining properties and pulp 
and paper mills ; in some of the gold mines, however. 
in which operations were curtailed during the war 
by lack of labour, the pre-war position had not been 
restored by 1945, and the overall increase of 3 per 
cent. in the area was due largely to expansion in 
the pulp and paper industries. Clearly, the growth 
in the municipal load was a material contribution 
to the overall rise in output. Nipigon village 
showed an increased demand of 9 per cent. during 
the year, and the rural area an increase of 18 per 
cent. In both cases, these supplies were of small 
magnitude, but the rate of progress indicates the 
growing importance of the domestic load. 

The Thunder Bay System also supplies power 
to the Rainy River district of the Northern Ontario 
Properties, lying to the west, the load averaging 
18,300 h.p. The Northern Ontario Properties 
cover districts sparsely settled, which depend for 
their prosperity mainly on mining activities. As 
the provision of an electric supply in areas of this 
type is an important aid to their development, 
the hydro-electric installations have been placed 
in the hands of the Commission, in trust for the 
Province. The financial responsibility is taken 
by the Ontario Government. The whole area is 
very scattered and contains a number of hydro- 
electric systems’ not intereonnected in any way. 
There are, in all, 18 generating stations. The 
average load of the various systems totalled 238,000 
h.p. in 1945, this figure representing an increase of 
20 per cent. during the year. To a large extent 
this rise was explained by the fact that the Com- 
mission took over the Timiskaming district from 
the Northern Ontario Power Company in March, 
1945. This district contains generating stations of 
a total capacity of 60,000 h.p. Power is supplied in 
the whole of the scattered Northern Properties to 
30 municipalities and town sites, four rural areas, 
42 gold mines, three nickel mines, one iron mine, 
and seven silver and cobalt mines. The main part 
of the load is necessarily an industrial one and the 
progress achieved was largely due to increased 
demand from pulp and paper plants. These indus- 
tries employ electric boilers on a large scale, and this 
particular type of load was deliberately curtailed 
during the war in order to free supplies for more 
nrgent services. Mining activities in the Northern 
Properties had not attained their pre-war level in 
1945, labour and supply shortages still affecting 
operations. Municipal loads increased in practi- 
cally every case, but it was not possible to take 
advantage of much new business which was offered 
in rural areas owing to shortages of materials handi- 
capping extensions to distributing networks. 
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NOTES. 


Tue West or Scottanp IRon anp STEEL 
INSTITUTE. 


Dr. J. W. DonALpson, President of the West of 
scotland Iron and Steel Institute, delivered his 
idential address at a meeting held in Glasgow 
on Friday, October 11, his subject being ‘‘ Recent 
Developments in Ferrous Metallurgy.” During the 
t year, said Dr. Donaldson, advances in metal- 
lurgy had been characterised by the maturing of 
developments started prior to 1945, and to certain 
changes in the technique and application of ma- 
terials brought about by the cessation of hostilities. 
Outstanding changes in ferrous materials were the 
continued and wider use of alloy steels and the 
development of high temperature alloys. Con- 
siderable attention had also been paid to the 
hardenability of steel, to induction methods of 
heating, to processes for the surface hardening of 
steel, and to the extension of precision casting by 
the investment method to certain of the newly 
developed ferrous alloys. There had been other 
advances in welding technique, machining pro- 
blems, surface finish and inspection and control. 
The extended use of alloy steels by engineers and 
designers had been brought about to a certain 
extent by developments which have taken place in 
the use of light alloys, powder metallurgy products 
and plastics. Interest in hardenability had been 
stimulated by researches on that subject and by the 
wider use of alloy steels, which were generally used 
in their heat-treated or hardened condition. As the 
inherent grain size of steel, which could be con- 
trolled by small and critical additions of aluminium 
or titanium, affected hardenability, grain size was 
beginning to be specified for certain steels. The 
development of the gas turbine had necessitated 
the production of materials of exceptional strength 
and highly resistant to heat and corrosion, and 
investigations had been carried out to produce new 
alloys suitable for blades and discs rotating at 
speeds of 15,000 r.p.m. at temperatures in the 
vicinity of 700 deg. C. The possibility of producing 
many parts from those newly developed heat- 
resisting alloys, which were difficult to machine or 
grind, by the precision investment-casting process, 
was considered promising. Close control of the 
amount of heat within definite and pre-selected areas 
of a part being heat-treated was important in many 
metallurgical operations, with the result that induc- 
tion heating for hardening, annealing, brazing and 
soldering, and other processes, apart from its use in 
melting operations, had come to occupy an important 
place in the metallurgy of steel. The trend was for 
a wider application of induction hardening for many 
engineering parts, including gear teeth and cylinder 
liners. The production of hard surfaces to resist 
wear and abrasion had resulted in the development 
of surface-hardening processes, including the nitrid- 
ing of special alloy steels; the flame-hardening of 
outer surfaces; hard surfacing with low and high 
alloy steels, non-ferrous alloys, and tungsten and 
boron carbides ; hard chromium plating and induc- 
tion hardening of outer and inner surfaces. As such 
methods had been made available for industrial 
practice, engineers had now materials suitable for 
better design and service conditions. Methods of 
inspection and testing, such as radiography, mag- 
netic particle inspection, electronic inspection and 
supersonic inspection, had shown considerable pro- 
gress. In magnetic inspection, investigations had 
led to means for increasing the sensitivity of the 
methods in the location of deep-lying subsurface 
discontinuities and to improvements in equipment. 
With electronic inspection equipment it was possible 
to determine case depths, plating thicknesses, and 
internal stresses and variations in structure. With 
supersonic inspection, using ultra high-frequency 
radio waves, voids and cracks in steel could be 
detected. 


INTERNATIONAL Trn CONFERENCE. 


_The prospective world supply and demand for 
tin was reviewed at an international conference 
held in London from October 8 to 11. Delegates 


from the Governments of Belgium, Bolivia, China, 
France, the Netherlands, Siam, the United States, 
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and the United Kingdom were present, and the 
chairman of the conference and head of the United 
Kingdom delegation was Mr. G. Archer, of the 
Ministry of Supply ; the vice-chairmen were Mr. A. 
Groothoff, head of the Netherlands delegation, and 
Mr. D. D. Kennedy, head of the United States 
delegation. The conference tried to assess the 
probable trend of consumption in relation to 
production, and, in doing so, had to bear in mind 
the great amount of rehabilitation work required 
on mines and dredgers in the Far Eastern tin- 
producing countries. The world mine production 
of tin in 1946 is estimated to be 94,000 tons, while 
the potential consumption is 137,000 tons. The 
production in 1947, it is estimated, will be in the 
neighbourhood of 142,000 tons, and when pro- 
duction permits and restrictions on use are re- 
moved, it is expected that world consumption 
may reach an annual rate of about 190,000 tons. 
On the other hand, it is not expected that world 
production will attain a rate of over 200,000 tons 
per annum until some time during the year 1949. 
The conference has reached the general conclusion 
therefore, that, after allowances have been made for 
the uncertainties of the future, there is not likely 
to be an excess supply of tin during the next two 
years. Thereafter, however, there is the possibility 
of the productive capacity of the mines exceeding 
the world demand for the metal; much, of course 
depends on the movement of world consumption. 
The delegates at the conference agreed that there 
was need for a continuous inter-governmental review 
of the world tin situation. Bearing in mind that 
the existing International Tin Agreement is due to 
expire on December 31, 1946, the representatives 
agreed to recommend to their governments the estab- 
lishment, as soon as possible, of .an International 
Tin Study Group, which would make full use of 
existing statistical services and would hold a first 
meeting at an early date. They also agreed to 
recommend the continuance of the Combined Tin 
Committee in Washington to make allocations of 
tin during the period of short supply; and the 
holding of discussions between the principal inter- 
ested countries concerning the continuation of the 
Tin Research Institute. 


INSTITUTE OF FUEL. 


The Institute of Fuel held their annual dinner 
on Wednesday, October 9, at the Connaught Rooms, 
Great Queen-street, London, W.C.2. The retiring 
President, Dr. E. W. Smith, C.B.E., explained that 
the dinner marked two events of significance to 
the Institute, namely, the grant of the Royal 
Charter on August 12 of this year, and their success 
in obtaining a new headquarters, which would be a 
great improvement on the temporary premises 
they had occupied during the war. The new 
building was at 18, Devonshire-street, W.I. There 
had been no time to call a general meeting to consider 
the purchase, so a member had purchased it on their 
behalf. Thus, it was now necessary to raise 25,0001. 
within a year, or, if possible, by the end of 1946. 
The President then presented the Institute’s 
Melchett Medal for 1946 to Sir James Chadwick, 
F.R.S., for his work in connection with atomic 
energy. Sir James had delivered a lecture before 
the Institute on this subject the previous evening. 
The new President, Dr. C. H. Lander, C.B.E., was 
duly installed, and Dr. Smith, after three years’ 
service in that office, retired. The Rt. Hon. E. 
Shinwell, P.C., M.P., Minister of Fuel and Power, 
in proposing the toast of the Institute, referred to 
his acquaintance with Dr. Lander since the days 
of their mutual collaboration at the Ministry of 
Mines in 1924. Dr. D. T. A. Townend proposed the 
toast of the guests, to which Dr. H. Roxbee Cox 
responded. 


Tue InstrruTs oF Roap TRANSPORT ENGINEERS. 


The first annual general meeting of the newly- 
formed Institute of Road Transport Engineers was 
held at the Royal Society of Arts on October 4. 
The chair was taken by the President, Mr. G. 
Mackenzie Junner, M.I.A.E., who gave a brief 
outline of the formation of the Institute. It was 
first s ted, he said, in February, 1943, but it 
was not until May, 1945, that it was incorporated. 





The main purpose was to bring together those engi- 





neers employed in the maintenance of lange fleets of 
road vehicles for the interchange of ideas, and to 
arrange for lectures dealing with the problems of 
maintenance rather than those of design; already 
lectures have’ been given by Sir Miles Thomas, 
D.F.C., and Mr. V. W. Pilkington, M.B.E. As 
membership grows it is proposed to open provincial 
centres ,in addition to those already functionifg in 
the North-East, at Leeds, and in the Midlands, at 
Birmingham. As regards future policy, the Presi- 
dent stated that the main function of the Institute 
will continue to be the raising of the status of 
transport engineers generally, and, with this end 
in view, emphasis will be placed on educational 
matters. Furthermore, it is hoped to get into closer 
touch with the manufacturers of road vehicles and 
allied equipment, in order to convey to them the 
views of those engineers responsible for the upkeep 
of their products, and to assist in this, a suggestion 
to form panels of engineers connected with the 
maintenance of particular makes is receiving the 
attention of the Council. Mr. Mackenzie Junner was 
unanimously re-elected President for the ensuing 
year. 


HELICOPTER ASSOCIATION OF GREAT BRITAIN. 


Information on the history of any branch of 
engineering is of considerable assistance in furthering 
its development. It avoids waste of time and money 
on avenues of investigation which have proved to be 
culs-de-sac in the past, and by bearing past develop- 
ments in mind it may be possible to assist present 
progress when new materials or facilities render an 
old idea practicable. Although it is not many 
years since the first successful helicopter flight, 
the subject has been studied for very much longer. 
Leonardo da Vinci's notebooks show sketches of 
men equipped with devices for lifting them into the 
air, and the patent offices of the world contain 
innumerable designs which never got beyond the 
drawing-board stage. The Helicopter Associa- 
tion of Great Britain, Limited, therefore, did well 
in arranging for Group Captain R. N. Liptrot, 
C.B.E., to inaugurate their winter session with a 
lecture giving ‘“‘ A Historical Review of Helicopter 
Development.” The lecture was given at Manson 
House, Portland-place, London, W.1, on Saturday, 
October 12, and, considering the specialised nature 
of the subject, was well attended. The lecturer re- 
called that the earliest experimenters in the field of 
flight invariably postulated that the lifting surfaces 
should actuate independently of the body of the 
machine and that the latter should hover or fly as 
required. It was thought that the crux of the pro- 
blem was to become airborne ; movement from place 
to place could come later. As was now known, 
however, success in flight had been achieved by 
making the lifting surfaces rigid with the body and 
obtaining lift from constant movement through the 
air. The capacity to hover involved special pro- 
blems which had only been mastered recently, and 
contemporary designs provided direct lift, forward 
motion, stability and control. The lecture was well 
illustrated by lantern slides and was followed by 
several cinematograph films showing helicopters in 
flight. As announced on page 267, ante, the Asso- 
ciation are offering an annual prize of 25/. for a 
paper on rotary-wing flight. The address of the 
Association is Finsbury-Circus House, Blomfield- 
street, London, E.C.2. 





SCHOLARSHIPS IN NAVAL ARCHITECTURE AND MARINE 
ENGINEERING.—The Council of the Institution of Naval 
Architects have awarded the Sir William White post- 
graduate scholarship in naval architecture for 1946, 
valued at 1507. per annum and tenable for two years, 
to Mr. Thomas Corin, of the Ship Division, National 
Physical Laboratory. They have also awarded the 
Aluminium Development Association Research Scholar- 
ship, which is worth 4001. per annum and is tenable for 
two years, to Mr. E. C. B. Corlett, and the Elgar Scholar- 
ship in Naval Architecture to Mr. R. L. Townsin, of 
H.M. Dockyard, Portsmouth. The Elgar Scholarship is 
of the value of 175i. per annum and will be held at King’s 
College, Newcastle-upon-Tyne, for three years. The 
Parsons Scholarship in Marine Engineering for 1946 has 
been awarded to Mr. W. G. Wade, of H.M. Dockyard, 
Sheerness. It has a value of 1701. a year and will be 
held at King’s College, Newcastle-upon-Tyne, for three 
years. 








376 


ENGINEERING. 








LETTERS TO THE EDITOR. 
THE EFFECT OF RATE OF 
STRAIN ON MILD STEEL. 

To THE Eprror OF ENGINEERING. 

Sir,—I greatly appreciate Dr. J. A. Pope’s com- 
ments in his letter, on page 304 of your issue of 
September 27, referring to my article on “The 
Effect of Rate of Strain on Mild Steel.’ The first 
question he raises concerns the properties of the 
copper crushers during static and dynamic condi- 
tions of loading. The assumption was made, based 
on unpublished experimental work, that the rate of 
strain to which the copper crushers were subjected 
was not sufficient to raise the stress-strain curve 
appreciably above that obtained in the static test. 
The experiments were initially designed to compare 
the susceptibility to crystalline fracture of two 
steels at higher rates of loading, so that in this con- 
nection any slight raising of the stress-strain curves 
of the copper crushers due to dynamic loading would 
be unimportant. Although the rate of strain in 
the steel specimens was varied, particularly in the 
case of the notched specimens, the variations in rate 

of strain of the crushers were comparatively small. 
The second question concerns the ultimate tensile 
strength . The ultimate tensile strength is 
defined as the ratio of the maximum load applied to 
the specimen to the original cross-sectional area, 
and thus no nominal stress i.e., based on the 
original cross-sectional area—can exceed this value. 
If the yield load is the maximum load applied to the 
imen, as in the load-extension curve given by 
Dr. Pope, then the yield stress is the ultimate tensile 
stress. The copper crushers give the maximum 
load values, but I had no means of determining 
where this occurred in the stress-strain curve, a 
' point which was emphasised in the original report. 
I agree with Dr. Pope that the yield load is probably 
the maximum load applied to the specimen at high 
velocities and put this forward in my article as a 
possible explanation of the fact that the absorption 

of energy increased with increased speeds of testing. 
The effect of the inertia forces of the upper shackle 
will only enter in if the spring has a definite velocity 
when the load is applied, i.e., v = 9-8 ft. per second 
in the table, and the necessary correction was made 
to the load figures as given by the copper, by con- 
sidering the kinetic energy of the shackle. 
Yours faithfully, 
Ratpx P. ANDREW. 
Department of Engineering, 
University of Cambridge. 
October 7, 1946. 





To THE Eprror or ENGINEERING. 


Sm,—Dr. J. A. Pope ends his letter on page 304 
of your issue of September 27, discussing the article 
by Mr. R. P. Andrew, by a suggestion that a general 
conference on the effect of high rates of straining 
on metals would be welcome. If this desire is 
shared by others, I should be glad to hold such a 
conference in this department. Some of the earliest 
work on high-speed testing was carried out here by 
Professor Bertram Hopkinson, and interest in the 
behaviour of materials at different rates of strain 
has since been maintained by a series of investiga- 
tions in closely related fields: of research. 

Yours faithfully, 
J. F. Baker, 
Professor of Mechanical Sciences. 

Department of Engineering, 

University of Cambridge. 

October 8, 1946. 





THE FUTURE OF THE BRITISH 
MACHINE TOOL INDUSTRY. 


To THE Eprror or ENGINEERING. 


Smr,—The writer was very glad to see that Sir 
Frank Smith’s references to the vital importance 
of machine tools, mentioned in your issue of Sep- 
tember 27, page 3v3, also received a good deal of pub- 
licity in the daily Press. It must be en i 
to the British machine tool industry when an 


publicly the tremendous results that have followed 
the impact of the machine tool upon industry 
generally. When Sir Frank says that the payment 
of good wages and, at the same time, the production 
of cheap goods of excellent quality can only be 
achieved by machine tools, he undoubtedly means 
to infer that the machine-tool maker can contribute 
to the country’s prosperity to an extent that is 
given to hardly ay other industry. 

Many people, including high Government officials, 
who should know better, still group machine tools 
as just one of the multitude of branches of modern 
engineering, and the machine-tool industry itself 
must be blamed if the views expressed by Sir Frank 
are not more widely held. Members of the Govern- 
ment have stated that British industry is now well 
equipped with productive plant, because of the 
huge installation of machine tools for war work. 
Sir Frank’s urging to a continual improvement in 
machine tools scouts such complacency, and he is 
undoubtedly right when he says it is no good 
waiting for a demand; machine-tool makers must 
create new demands by producing still better 
machines. In the past, machine tools have been 
referred to as the Cinderella of industry. If the 
present practice of measuring the country’s machine- 
tool strength by the yardstick of numbers-in-use, 
continues, they may degenerate to ‘‘ Ugly Sisters.” 

Some important engineering works in this country 
are starting “five-year” plans for machine tools. 
They argue that during any five-year period, 
machine-tool makers should be able to offer some- 
thing more productive, but in any case they say 
that if used to capacity, their machines will be of 
no more than scrap value in five years. Whether 
replacements then come from British machine-tool 
makers or have to be imported depends on the 
British maker. 
There was one other point in Sir Frank’s remarks 
which shows his insight into this little-apprehended 
subject: he refers to “‘ mechanism” receiving far 
too little attention in our technical institutions and 
universities. One has only to examine many British 
and imported machine tools—in fact, much other 
machinery—to see that designers often show barely 
a nodding acquaintance with the principles of 
kinematics. Even when “ machine tools” forms 
one of the subjects of the engineering course, 
“mechanism” gets scant attention. There is a 
great scarcity of books on the subject and before 
Dunkerley, early in this century, produced his, 
the necessary information had not been properly 
collated. There have since been very few useful 
additions in the way of text-books, but even after 
Dunkerley’s book was published, there was no 
excuse for any sketchy treatment of “‘ mechanism ” 
as a subject in general-engineering training, and 
particularly in the training of machine-tool de- 
signers and draughtsmen. 
Perhaps now that Sir Frank Smith has publicly 
mentioned what ought to have been general know- 
ledge for some time past, the machine-tool industry 
will be more conscious and, therefore, less modest 
and inarticulate, about its importance in the 
country’s economy. 

Yours faithfully, 
R. Wurrevey, A.M.I.Mech.E. 

Wilmslow, 

Cheshire. 
October 11, 1946. 





KiEwA HypDRo-ELEcTRIC STATION, VICTORIA, AUS- 
TRALIA.—The State Electricity Commission of Victoria, 
Australia, have placed an order with Messrs. Boving and 
Company, Limited, 56, Kingsway, London, W.C.2, for 
the hydro-electric plant for the Kiewa No. 4 power 
station. This will include three of the firm’s vertical- 
shaft Francis turbines, each directly coupled to a 
generator built by Messrs. Metropolitan-Vickers Elec- 
trical Company, Limited. Each turbine is designed to 
develop @ maximum brake horse-power of 21,200 at a 
net head of 612-5 ft., and a normal speed of 600 r.p.m. 
The runners will be of solid-cast stainless steel and 48-in. 
rotary valves will be provided at the turbine inlets. The 
Kiewa No. 4 station will comprise three turbo-generators 
with a total capacity of 39,000 kW, or 52,000 h.p. The 
station is entirely underground, water being led to the 
turbines through a tunnel 16 ft. in diameter and 11,300 ft, 
in length, the final 1,000 ft. being constructed as a 





independent voice of Sir Frank’s authority states 
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NAVAL ARCHITECTS AT 
GLASGOW 


(Continued from page 355.) 
ContTINUING below our report of the joint meet 
of the Institution of Naval Architects and the 
Institution of Engineers and Shipbuilders in Seot. 
land, we deal below with the technical soggion 
held on the afternoon of the first day, September 24, 
at which two papers were presented. The chair 
was taken by Sir Stanley Goodall, K.C.13., who 
called upon Professor G. Vedeler, M.Sc., who 
occupies the Chair of Naval Architecture at the 
Technical University of Norway, Trondhjem, to 
read his paper on “The Distribution of Load in 

Longitudinal Strength Calculations.” 


Loap DistrisuTion rN Sues’ Huts. 


Professor Vedeler’s paper, which was too highly 
mathematical to lend itself to reprinting, even in 
abridged form, was founded on the thesis that the 
customary method of considering the application 
of a load to a ship’s structure, by regarding it 
simply as the difference between the curves of 
buoyancy and weight, took no account of the distri- 
bution of the load, via the longitudinal and trans. 
verse members, and their end fastenings, to the ship's 
decks, bottom, and sides. By means of a method 
based on the theory of beams on elastic supports, he 
showed that it was possible to calculate the actual 
load distribution, and the strength of every trans. 
verse and longitudinal member of the decks and 
flat bottom structure, including the end reactions. 
The sum of the end reactions in the longitudinal 
members would then give the load to be carried 
by the transverse bulkheads and impart to them 
a@ more positive significance than hitherto in the 
calculation of longitudinal strength. Two exaimples 
were given in the paper, dealing respectively with 
a tanker of 15,500 tons deadweight and a cargo 
liner of 10,000 tons deadweight. 

Mr. J. L. Adam, Chief Ship Surveyor of the British 
Corporation Register, opened the discussion. The 
subject of the paper, he said, was naturally one of 
absorbing interest to the classification societies, and 
everybody would agree that, if Professor Vedeler 
had solved this outstanding problem, he would have 
served the profession very well indeed; but Mr. 
Adam doubted whether, after all, he had done so. 
Nevertheless, he hoped that Professor Vedeler would 
continue his investigations. If the internal struc- 
ture and its transverse members were not properly 
proportioned, they would not develop their full 
longitudinal strength ; bulkheads, for instance, could 
be a source of weakness. In a longitudinally-framed 
ship, trouble could result from the longitudinals 
being too stiff; in other words, their deflection was 
different from that of the other members of the 
structure to which they were connected, and from that 
of the structure as a whole. If they deflected more 
than the hull structure, again there was trouble. 
The classification societies did try to proportion the 
different parts of the structure so as to distribute 
the movement. “I am not interested in stress,” 
Mr. Adam declared, “‘ I am interested in the relative 
movement between the different parts of the struc- 
ture, which I think is the source of the trouble in 
ship structure.” Provision was made in the Rules 
for the “‘ carry-over ” from bulkheads and the degree 
of fixity or flexibility in end connections. If Pro- 
fessor Vedeler, after completing his investigations of 
an upright structure, would turn it through 15 deg. 
he would get a very different distribution. It was 
not possible to arrive at the load on a ship’s structure 
by treating it as an upright girder ; one could only 
make comparisons—and, he would emphasise, only 
between likes. To compare the load distribution in 
a tanker with that of an ordinary double-bottomed 
cargo vessel was of little value; figures might be 
obtained for a beam and for the distribution of loads 
on the different members in that compound beam, 
but the members would react very differently when 
the ship was in a seaway, and subjected to a bending 
moment when inclined at an angle. A lot of 
information had been accumulated, but there had 
not been time to analyse the results and produce 
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hoped, therefore, that Professor Vedeler would con- 
sider the problem for inclined ships, and in a seaway. 

Mr. A. Silverleaf, speaking from the point of view 
of the ship designer, thought that most practis- 
ing naval architects were familiar with the under- 
lying theme of the paper, that of the influence of 
main longitudinal and transverse structural members 
on the longitudinal distribution of the effective load 
on the ship’s structure, but said that he could not see 
dearly how the effect, calculated as the author had 
shown that it could be calculated, was to be applied, 
and to what type of calculation. In practice, it was 
agreed that those effects could be dealt with satis- 
factorily if they were considered to affect the local 
strength only in the instances that were quoted— 
for example, by fitting web frames where hatch end 
beams occurred. Longitudinal strength calcula- 
tions were still only of a comparative nature, and 
suffered from many more dubious assumptions than 
false longitudinal distribution ; hull weight distribu- 
tion was rarely accurate, and the standard wave 
profile and its buoyancy were disputable. The 
amount of effective longitudinal material to be 
included was still an indefinite quantity. Classifica- 
tion societies, for example, would give no relief if 
continuous haich-side girders were fitted, as opposed 
to broken ones, which would follow logically from 
Professor Vedeler’s analysis. All such points intro- 
duced errors into the longitudinal strength calcula- 
tion which far exceeded any that might be due to 
the effect discussed. Though Professor Vedeler had 
done @ great deal of work in his mathematical 
analysis and in calculating the constants, the evalua- 
tion of the parameters for any given case still de- 
manded a considerable amount of numerical calcu- 
lation, of a kind which was exceedingly laborious 
without computing machines. 

Mr. R. B. Shepheard observed that Professor 
Vedeler had made a particular study of what he 
called ‘‘ grillage beams,” a term not generally used 
by British naval architects, but which he under- 
stood to mean complex framing structures. The 
work Professor Vedeler had done in this direction 
had definite possibilities of practical application, 
when every endeavour was being made to attain a 
more definite degree of information on the behaviour 
of ships’ structures. That was being done at the 
practical end, by measurement of ships’ structures as 
a whole and their individual components, not only 
under statical conditions, but also at sea. That 
work was one way of approach, and it was accu- 
mulating a great deal of data which required much 
digestion. He suggested that the approach which 
Professor Vedeler was making from the more analy- 
tical mathematical direction would, in the long run, 
contribute to the common aim of building more 
efficient ships. The paper contained an interesting 
example of the uneven distribution of the load on a 
ship’s side, one of the lessons of which was the 
attention that must be paid to connections and 
reinforcements at hatch ends and at boundary 
bulkheads. There would be plenty of opportunity 
to apply those lessons. For the normal analytical 
examination of ships’ structures, as they were 
being built at present, Professor Vedeler’s methods 
were not directly applicable ; their great advantage 
was in the scientific approach, which, in the long 
run, would contribute to the main objective. 

Professor Vedeler, in reply, admitted that much 
work remained to be done to make his methods of 
practical use in shipyards; but, he added, there 
were many questions arising out of the strength 
calculations of ships about which not enough was 
known, and they had to be approached in some 
way. One way was by means of mathematics. 
The mathematical methods would be simplified, no 
doubt, when they came into common use. Sooner 
or later, naval architects would have to use such 
methods, as engineers on land were doing. Mr. 
Adam spoke of relative movement. The method 
he had outlined for determining indeterminate 
forces took account of that movement. It 
with the movements of the parts ; the basis of the 
method was that the points,of intersection of girders 
had the same deflection. Everything was distri- 
buted because of the elasticity of the structure. He 
agreed with Mr. Silverleaf that the methods were not 
simple to use at present; but sooner or later, the 
classification societies would have to look into many 


such questions; that applied to their tables and 
their rules. The calculations should not have to 
be done every time. There was one question which 
might interest especially the classification societies. 
In his book, Grillage Beams in Ships and Similar 
Structures,* he had pointed out that, in a hold with a 
double bottom and floors all the way, a floor in the 
middle of the hold gained some assistance from the 
longitudinal girders in the double bottom; but if 
the length between bulkheads were increased, the 
aid to the floor became less and less, and there 
would be a point where there was no assistance to 
this middle floor from the longitudinal members in 
the bottom. Beyond that point, the longitudinal 
members would impose an extra load on the middle 
floor. 


Ture Design OF TRAWLERS AND DRIFTERS. 


The fourth paper in the programme, and the 
second to be presented on the afternoon of Septem- 
ber 24, was entitled “‘ Some Notes on the Design of 
Trawlers and Drifters, with particular reference to 
Seaworthiness and Stability,” and was presented 
by Mr. W. F. Spanner, R.C.N.C. 

Basing his paper mainly on war-time experience 
with the 1,300 or so trawlers and drifters (apart 
from motor fishing vessels) which were requisitioned 
by the Admiralty, Mr. Spanner dealt first with the 
question of metacentric height. In view of the 
possibility of damage by enemy action, this was 
fixed at not less than 12 in. in the worst condition 
of normal operation, namely, with nearly all fuel 
and stores consumed ; the corresponding value in 
the deep condition was nearly 2 ft. The peace-time 
value being between 6 in. and 9 in., ballasting had 
to be resorted to, the amount ranging from 20 to 
80 tons. In conjunction with this, it was sought to 
preserve a minimum freeboard of 24 in. in drifters, 
27 in. in the smaller trawlers, and 33 in. in the larger 
trawlers; and to adjust the trim, by ballasting, to 
between 5 ft. and 7 ft. by the stern for drifters, and 
6 ft. to 8 ft. in the trawlers. It was considered, 
said Mr. Spanner, that the design of trawlers could 
be improved, from the points of view of seaworthi- 
ness and general suitability for fishing, if the moulded 
depth were increased 6 to 12 in. and the beam by 
12 to 18 in.; and that further improvement 
would be given by fitting a watertight bulkhead 
between the boiler room and the engine room and 
another between the boiler room and the cross 
bunker. The present hull form was regarded as 
generally desirable, and the use of steam machinery 
possessed practical advantages; but, for a given 
endurance, the weight of fuel could be reduced by 
30 to 40 per cent., and the volume by 40 to 50 per 
cent., by changing from coal to oil. To get the best 
out of Diesel engines, it would be necessary first to 
ensure a sufficient supply of well-trained engineers 
who were really at home with this type of prime 
mover. Various other points dealt with in the paper 
included deck coverings, the height of hatch coam- 
ings, and the design and arrangement of bilge- 
pumping systems. 

Mr. J. R. Barnett, opening the discussion, thought 
that unbalance of the above-water and under-water 
profiles was best corrected by increasing the draught 
forward ; a good forefoot was necessary to prevent 
the bow being blown off the course in a bad sea. The 
difference between the forward draught and the 
after draught in these vessels was too great. By 
fining the bow lines and providing a deeper forefoot, 
the vessel would be given a more efficient bow, and 
would prove a better sea-boat in a head sea. From 
long experience of designing larger lifeboats for the 
Royal National Lifeboat Institution, he was confi- 
dent that the finer bow with the deeper sections 
gave a far better sea-boat. He thought the free- 
board in these vessels was rather small, giving too 
small a range of stability. 

Mr. J. F. Allan said that Mr. Spanner’s paper was 
interesting for the description it gave of the many 
ures to which trawlers and drifters were put during 
the war, and the methods and care that were taken 
to ensure that the vessels were safe and fit for their 
duties; and, perhaps more interesting, for its 
exposition of the bearing of many design features 
of these vessels on the seaworthiness and general 








* Reviewed in ENGINEERING, Vol. 160, page 511 (1945). 





performance in service. These trawlers and drifters 
were small vessels, and they had to be very sea- 
worthy ; it was extremely important, therefore, 
that the design should be as nearly correct as pos- 
sible. He endorsed the author’s opinion that mode- 
rate increases in depth and beam were desirable 
features from the point of stability and seaworthi- 
ness, and also capacity, und pointed out that the 
paper was based chiefly on old designs. Modern 
designs, to which new vessels were being built, did 
tend in the direction indicated, namely, increased 
depth and beam. In discussing the form of trawlers 
and drifters, the author seemed to want both to 
eat his cake and have it; he could not have both a 
full bluff bow and the benefit of reduced resistance. 
As in most naval architectural problems, the solution 
appeared to lie in finding the right compromise 
between extremes, but the difficulty was to decide 
what was the right compromise. A reasonably fine 
bow with a moderate amount of flare, combined 
with a fuller midship section, was the tendency in 
modern lines for trawlers and drifters. Experiments 
carried out by Messrs. William Denny and Brothers, 
in their tank at Dumbarton, had shown that a 
form designed in that manner did not cause 
increased pitching ; indeed, the flared bow tended 
to beat down the sea. Of course, the advantage of 
the finer bow was that it reduced resistance sub- 
stantially in calm water, and even more so in rough 
water. Any loss of stability might be offset by a 
small increase in beam. In this connection, he 
proposed to show a film, made in the Denny tank, 
of experiments undertaken for the Herring Board. 
The film compared the designs of small motor 
drifters about 65 ft. long, and showed three different 
models being self-propelled through head seas. No. 1 
model had a fairly full bow, No. 2 model was finer, 
and No. 3 was finer still. He drew attention parti- 
cularly to the behaviour of the models as they met 
the sea and the behaviour of the water which was 
thrown off by the bow, the finer flare of No. 3 model 
beating down the water much more effectively than 
the bows of the other models. He did not suggest 
that the extremely fine bow should be adopted 
generally, but that progress should be in that 
direction. 

Mr. C. 8. McLay commented that Mr. Spanner’s 
paper gave his experience, from an Admiralty point 
of view, of the trawlers which were requisitioned 
during the war and their adaptation to service 
requirements; but, while such a survey of the 
problems arising from war-time activities was 
interesting, it contained little which shipbuilders 
or trawler owners could adopt satisfactorily in new 
designs, because the use to which trawlers were put 
during the war was not comparable in any way with 
their peace-time function of fishing. In the matter 
of stability, service requirements regarding top 
weight and resistance to underwater explosions were 
not encountered in peacetime operation. Moreover, 
Mr. Spanner’s experience was with vessels, most of 
which were between 20 and 30 old—in some 
cases, 40 years old. What he described as a “ large 
modern trawler ’’ did not conform to present-day 
regulations. Raked stems with good flare on the 
forecastle were quite normal and were considered 
to give improved protection to the working space 
on deck. With regard to dimensions, modern 
practice was generally in keeping with Mr. Spanner’s 
suggestions. His proposal to fit a watertight bulk- 
head between the boiler and engine room had not 
been generally adopted, as it would necessitate a 
machinery space 2 ft. longer than usual. 

The author stated that full lines forward, giving 
a bluff bow, were a necessary feature of fishing 
craft, but this was not in keeping with modern 
designs. An examination of trawler models, showing 
variations of design extending over 30 years, indi- 
cated a progressive fining of the ends and lowering 
of the rise of floor and, in the speaker’s view, sea- 
kindliness had not only been maintained but 
improved. Large trawlers were being built at 
present with a mid-area co-efficient of as much as 
0-97. Information published by the Tank authori- 
ties, and the results of trawler-model experiments, 
had been of considerable value in improving. pro- 
pulsive efficiency and steering. -Modern vessels 
had a speed/length ratio of about unity and to 
attain maximum propulsive efficiency, together 
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with suitable fishing qualities, considerable experi- 
ence was necessary to produce a successful design. 
The fitting of oil-fired boilers or Diesel engines was 
common practice, The author mentioned a paper 
read before the Institution of Naval Architects in 
1943, when proposals were made for fitting oil 
engines in trawlers, but many Diesel-engined 
trawlers had been built before then. With regard 
to auxiliaries, there was still much to be said for 
the steam traw] winch on the grounds of cost and 
flexibility, but modern electric trawl winches have 
proved quite satisfactory, and, in a Diesel vessel, 
eliminated the complication of a special boiler. A 
modern Diesel engined trawler was highly efficient 
and there were no outstanding problems in connec- 
tion with auxiliaries which had not been solved suc- 
cessfully. Driving the fishing winch by belt from 
the main engine had been established practice in 
smaller vessels long before 1938. The present price 
of coal was causing owners to adopt oil-burning for 
steam trawlers, or, alternatively, to fit Diesel engines. 
Both courses had many technical advantages. 

With reference to the author’s more general 
remarks, it was unfortunate that the extreme age 
of the vessels taken over by the Admiralty should 
lead to the conclusion that fishing vessels suffered 
inherently from choked bilge suctions, leaky decks, 
and other defects. The speaker’s experience did 
not suggest that the usual riveted-bar connection 
between the stringer plate and the sheer strake was 
unsatisfactory. The suggestion to fit a complete 
steel deck with anti-skid treads was adopted for 
trawlers built for the Admiralty during the 1914-18 
war; immediately these vessels came into private 
ownership, a wood deck was laid on top in every 
case. The height of hatch coamings was associated 
with the lead of the trawl warp to the winch. 
Fitting steel box covers (in which the fish were 
washed) to ship over the hatches had been done in 
several trawlers and was to be recommended. In 
fixing the area of freeing ports, the loss of fish 
from the working deck through the freeing ports 
must be considered. 

Dr. S. Livingston Smith thought that the author’s 
suggested. modifications to the breadth and depth 
dimensions would have a good effect upon the 
stability, although his figures for the effect upon 
cost might be open to discussion. A watertight 
bulkhead between the engine room and boiler room 
would be most unpopular with the engine-room 
staff. Oil-fuel bunkers would demand cofferdams 
(and preferably welded steel work) if the fish were 
to remain untainted. Without entering into contro- 
versy regarding the most desirable ship form, surely 
the obvious way to improve the propulsive efficiency 
was to concentrate on more efficient propellers and 
stern arrangements, coupled with efficient, but 
reasonably simple, main propelling machinery. 

Mr. W. P. Walker, referring to the various general 
statements about the relative pitching qualities of 
full-bowed and fine-bowed trawlers, observed that, 
in these two cases, the longitudinal moment of 
inertia of the water plane was quite different, the 
distribution of the fore and aft weights was different, 
and that in turn meant that the pitching period 
was different; therefore, in a given sea, the one 
trawler would be very much nearer synchronism 
with the waves than the other. It was rather 
unfair to generalise, in talking about pitching, 
without specifying that the seas were producing 
synchronism in both types of trawlers. Modern 
trawlers gained displacement, when they pitched, 
much more quickly than older designs, and might 
be expected to pitch less. If a fine-bowed trawler 
were given a fairly heavy flare, this should check 
the pitching. 

Mr. Spanner, in reply, thought that there was 
something to be said for the bluff form of bow, as it 
kept the well deck dry. It was true that the 
Admiralty had a large number of old trawlers ; 
there were over 900 trawlers at sea which were from 
20 to 25 years old, but it was also true that there 
were many modern trawlers, built just before the 


war. The paper was not based only on experience | pl@ 


with old vessels. The G.M. was designedly kept at 
a minimum of 1 ft.; that represented hypothetical 
conditions of a trawler with different figures of top 
weight and different amounts of ballast added. 

(To be continued.) 





SHIP SALVAGE.* 
By G. R. Crrrenuny, C.B.E., M.A. 
(Continued from page 341.) 

THe author now turns to the salvage of a tanker 
where the method of operations differed so much from 
what has been descri already as to fall into a 
different category. The Laristan (6,401 tons gross; 
built 1927) was one of the 16 vessels previously referred 
to which were driven ashore on the west coast of 
Scotland by a westerly gale in January, 1942, Her 
general arrangement consisted of eight principal tanks, 
sub-divided long’tudinally, and four summer tanks, 
of a total capacity of 11,888 tons—with oil at 38-5 cub. 
ft. per ton, that is, a total volume of 457,688 cub. ft., 
the transposition being relevant as the salvage opera- 
tions involved deep drainage of the tanks by com 
air. There was a deep tank forward of No. | tank, of 
a water-ballast capacity of 559 tons, with an inter- 
vening cofferdam, and above the deep tank a small 
pump room and lower hold to the main deck, and a 
superimposed cargo space in the *tween deck. The 
midship pump room was between Nos. 4 and 5 tanks. 
At the time of the stranding, the vessel was carrying 
1,600 tons of fuel oil, and she had about 4,000 tons of 
water ballast divided over the Nos. 2, 4 and 6 tanks, 
in which condition she was drawing 15 ft. forward 
and 21 ft. 6 in. aft. She stranded in Hough Bay, which 
is fully open to the Atlantic, on the north-westerly tip 
of the Isle of Tiree, and was driven inshore over out- 
lying rocks and climbed up the beach, like the Ulster 
Queen, until she came to rest, wedged so closely in a 
gulley that there was no space for divers to obtain 
access below the turn of the bilge on either side. In 
driving inshore, she suffered such damage that all 
compartments were fully tidal, and the swell motion 
outside the ship was freely transmitted to all such 
compartments except the forward and after cofferdams, 
Nos. 6, 7 and 8 port tanks and the No. 8 starboard tank. 
The sea surrounding the vessel was covered with oil. 

High-water spring tides reached the 13 ft. mark 
forward and 22 ft. 6in. aft. A salvage vessel remained 
in the vicinity for a week without being able to make a 
close approach, and in the space of three weeks there 
was only one occasion when, with great difficulty, a 
salvage officer was able, by motor |.feboat, to board 
for the short period of two hours. The crew had been 
taken off by rocket apparatus. At that time the 


value of a tanker could not be measured in terms of its | P’ 


conventional market value, and all parties, including 
the Admiralty and the Ministry of War Transport, were 
anxious that the vessel should be salved. The conclu- 
sion was reached that she could be salved by recovery 
of buoyancy, of all compartments forward of the 
machinery space, with compressed air, provided that 
the leakage into the machinery space could be dealt 
with by d.vers so that this space could be controlled by 
pump.ng, as she would depend upon the stability 
obtained from complete drainage of the machinery 
space. As the vessel had been exposed already to the 
worst cond.tions likely to be encountered, and had 
reached the position and cond.tion where she was 
unLkely to suffer further damage from normal weather, 
salvage aur were deferred until] late in the 
spring. It was not until June 10 that the salvage 
equipment could be transferred on board the wreck. 
Some emphasis must be placed upon the physi- 
cal cond.tions which governed the salvage opera- 
tions. The whole area was covered w.th outlying reefs, 
and approach to the wreck was extremely difficult and 
hazardous, even in small boats, owing to the rocks and 
swell. Access from the shore for the purpose of trans- 
port.ng salvage plant in that way was hopeless, as the 
nearest road ended 2} miles from the wreck ard from 
that point it was necessary to take a devious route, even 
on foot, through the rocks and sand dunes. There was 
thus no alternative to the transfer of essential salvage 
plant on board from seaward, and it was these factors 
which delayed operations unti] June 10, when an 
auxiliary salvage vessel succeeded in transferring 
pumps, compressors and other gear on board. It was 
useless for her to remain in the vicinity, and she returned 
to her base. Accommodation had to be found for the 
salvage personnel on board the wreck, and access to the 
beach was provided by a suspension gangway, about 
490 ft. long, supported at three intervals on the tops of 
p-nnacle rocks. On several occasions, when the rope- 


way was submerged during bad weather, supplies were | Purpose 


dropped from the air by the Royal Air Force. 

A large rock had penetrated the ship’s bottom in way 
of the after peak and engine-room well, and this was 
blasted away by gel.gnite as a preliminary to patching 
the damage and obtaining access farther forward 
under the engine room. This rock had set up the keel 
te in an arch about 18 in, high over a length of 
7 ft. 6 in., completely splitting the plate open, and 





* Paper read in Glasgow on September 24, 1946, ata 
joint meeting of the Lastitution of Naval Architects 
and the Institution of Engineers and Shipbuilders in 
Scotiand. Abridged. 





fractures extended beyond the immediate area of the 
set-up. Further blasting gave access to a bad fracture 
on the port side in way of the main injection ; this 
extended 64 ft. from a point 14 ft. abaft of the siokehold 
bulkhead and crossed the tank margin plate obliquely 
into the double bottom, The plating was split open 
irregularly for a maximum width of 12 in., with yradual 
tapering at each end, and the tank margin yjate was 
badly buckled and the angle twisted and set away from 
the tank top. The damage under the bottom: in this 
area was so extensive that it was impossible to find a 
fair bearing surface for the steel patch which it was 
in to fit. Moulds were therefore made by the 
divers and steel patches of g-in. plate were built and 
shaped on board the wreck. The patch to cover the 
damage in way of the after peak and engine-room wel} 
was of ineger form, oRpronaeting to keystone 
shape and 8 ft. 6in. long. It was welded in onc piece, 
and 79 bolt holes were drilled round the edges, Jt 
was passed under the ship in wire slings, and drawn into 
place first by stretching screws and then forced up by 
hydraulic jacks. Seventy-nine holes were drilied and 


tapped in the ship’s bottom by divers to correspond 
with the holes in the patch, and afterwards it was 
secured by tap bolts, a difficult operation in the con- 


fined space and the heavy surge which prevailed even 
on the calmest days. Watertightness was obtained by 
caulking. The fitting of this patch was completed on 
July 12. The divers were then concentrated upon 
fitting a similar built-up and moulded steel patch over 
the damage in way of the main injection, and cement 
boxes of a total length of 19 ft. were constructed in the 
port bilge, extending over the leakage through the tank 
margin plate, and securely shored. 

While this work was in progress, two 4-in. submersible 
electric salvage pimps were lowered to the engine-room 
platform, and two 6-in. and two 3-in. suction pum 
were lowered through the engine-room skylight to the 
platform, on the cylinder tops, and on to the engine. 
room gratings. A 12-in. pump suction was lowered 
into the boiler-room through the *tween deck bunker 
bulkhead, and a full pumping test at 1,600 tons per hour 
succeeded in lowering the water to a 6-ft. head. A 
scuttling hole was cut on each side of the engine room 
at low water level and fitted with valves, operated 
manually by rods, so that the tide might flush out the 
thick layer of fuel oil which was impeding the work of 
the divers, and to ensure that there was no internal 
ressure on the patches. With the main sources of 
acre closed, efforts were devoted to dealing with 
subsidiary sources of leakage, and eventually, by 
July 21, the water was lowered below the floor plates 
and brought under easy control of one 6-in. pump. 

The work of preparing the tanks for compressed air 
was ing concurrently. The to be dealt 
with were 16 cargo tanks, two deep tanks, the after 
cofferdam, and wing bunkers in way of the forward 
boiler; 21 compartments in all, each of which was 
to be tested and controlled separately. The pipe-lines 
were 8 ft. 6 in. above the bottom of the tanks, and as 
drainage was required to a lower level, it was necessary 
to blank off broken lines ; otherwise air would escape 
from one tank to another with the loss of thwartship 
stability if this occurred from port to starboard tanks, 
or vice versa. It was decided to use the gas-freeing 
line to compress the tanks, and the salvage compressors 
were moved into position and coupled up to it. All 
valves in the gas-line were dismantled and ground-in 
to ensure airtightness. All the tank lids, including 
bunkers and deep tanks, were lifted and the packing 
removed from the channels, which were then cemented 
to obviate air leakage as a result of wastage due to the 
age of the vessel. New packing was then fitted and 
the securing bolts were all overhauled and renewed 
wherever necessary, The steaming out pipes in Nos. 
1 and 2 starboard tanks had been (ual through the 
deck and the flanges were broken ; hence the protruding 
pipes and flanges had to be removed and blank flanges 
fitted and made airtight. Pressure gauges were also fitted 
to each of the air caps on the tank lids, and displacement 
gauges were erected on deck. _ Each gauge consisted of a 
pulley carrying a bight of piano wire. On one end 
of the bight was a balance weight, which moved against 


‘a calibrated board, and the other end passed through 


the deck into the tank and carried a float. An air test, 
made on June 21, showed such internal wastage of the 
gas-freeing line that it was useless for the intended 
his was a considerable set-back, as it 
involved providing and fitting a complete new air-line. 
The separate tests of each compartment disclosed 
many additional fractures, which had to be dealt with, 
but eventually the degree of control necessary for 
refloating was obtained. It was seen, however, that 
the vessel would be extremely tender and the utmost 
recaution had to be taken that she should not touch 
ttom in refloating. A minute survey of the ground 
in the vicinity of the vessel and to seawards had been 
made to discover the best path to be followed, and lines 
of minute soundings were plotted and buoys laid to 
mark this channel. Three tugs were at the scene on 
July 23, but first the vessel had to be manceuvred into 
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the channel by warping to a system of heavy ground 
moorings. Power was supplied to the vessel’s own 
windJjass and winch through flexible steam p‘pe-lines 
from the auxiliary salvage vessel, but it was not until 
July 26 that sea conditions permitted that vessel to 
come alongside the wreck. On the morning of July 27, 
compression was commenced on the after tanks by 
four air compressors of a total! output of 2,000 cub. ft. 
of free air per minute, coupled so that all machines 
could be used together or separately. By 1.30 p.m. 
(low water) all the after tanks had been blown to the 
maximum possible depth and the machinery space 
pumped down to tank-top level. By 4 p.m., the for- 
ward tanks were all blown and the vessel refloated 
forward, but remained fast aft until 6 p.m., when the 
stern was afloat ; but she was still held in way of the mid- 
ship pump room, Heaving was continued, and she 
cleared the obstruction on the still rising tide and com- 
menced to move bodily astern to the ground moorings 
at 6.30 p.m. By 7.30 p.m. she had been manceuvred 
clear of the rocks, and was in charge of the tugs ; but 
she developed fresh sources of leakage, due evidently 
to a slight change of form, and, as expected, she was 
extremely tender. She developed a list of 11 deg. to 
starboard, and, in nothing more than a slight breeze, fell 
over to 11 deg. to port. It had been pre-arranged that 
she should be taken into Gott Bay, on the north-east 
side of Tiree, to allow the divers better access to the 
leakage in the engine room and to obtain more suitable 
trim for a to the Clyde; but on the passage 
she increased the list to 15 deg. to starboard, which 
could only be accounted for by a light air of wind on 
the port side. The fresh leakage into the engine room 
created anxiety, as there was not much pumping margin. 

It had been arranged that, if she became uncontrol- 
lable she should be beached, though it was desired to 
avoid this if possible. The Ranger was at Coll, two 
hours’ steaming distance away, and had been warned 
to be ready to proceed to the Laristan on receipt of 
orders. In the early hours of July 28, she was called 
by wireless. Her divers and other personnel, with 
additional pumps, restored the situation and escorted 
the Laristan to the Sound of Mull, where the divers 
were able to locate sources of leakage which had been 
inaccessible previously. The passage was resumed 
on July 30, and the vessel was eventually docked in the 
Clyde. Although, as between underwriters and sh'p- 
owners, she was treated as a constructive total loss, 
she was sold to the Ministry of War Transport, who 
repaired her and she is still in service. Considering 
the extent of the damage and the complexity of the 
salvage operations, it may also be of interest to record 
that, after setting the salvage charges against the price 
paid by the Ministry, the underwriters were left with a 
credit balance of 24,000/. 

(To be continued.) 





ILLUMINATING ENGINEERING Society.—The Leon 
Gaster Memorial Premium, consisting of ten guineas and 
a certificate recording the award, is presented annually 
by the Illuminating Engineering Society to the author 
of the best contribution submitted to, and published by, 
the Society during the session. As no award was made 
in 1944, the Council have decided to make two awards 
this year, one to Dr. J. N. Aldington, for his paper, 
“ Bright Light Sources,” and the other to Mr. G. T. 
Winch, for his paper, ‘‘ Photometry and Colorimetry of 
Fluorescent and Other Electric Discharge Lamps.” 
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VESSEL ON TRIAL. 


THE CUNARD WHITE STAR LINER 
“QUEEN ELIZABETH ”’. 


On October 16, under the command of Sir James 
Bisset, C.B.E., Commodore of the Cunard-White Star 
Line, the Queen Elizabeth sailed from Southampton 
for New York, on her maiden voyage as a passenger 
liner. The occasion was also noteworthy for the fact 
that she is the first post-war British passenger liner to 
operate on the North Atlantic run and the first ship 
of the Cunard White Star Line to resume a normal 
passenger service since the war. Launched by Her 
Majesty the Queen on September 27, 1938, from the 
shipyard of Messrs. John Brown and Company, Limited, 
Clydebank, the Queen Elizabeth began her remarkable 
war service on March 2, 1940, when she left the Clyde 
on a secret voyage to New York. From then, and for 
a period of six years, she was engaged in trooping in 
the Pacific and the Atlantic oceans, during which time 
she carried 811,324 Service personnel and steamed 
492,635 miles ; she was released from military transport 
service on March 6, 1946. On March 30, the Queen 
Elizabeth left Southampton for the Clyde and while 
she lay at anchor opposite Greenock, her builders, 
Mewsrs. John Brown and Company, Limited, com- 
menced the work of converting her from a transport 
to a passenger liner, stated to be the greatest ship- 
refitting job ever undertaken away from a shipyard. 
The preliminary work of dismantling and removing all 
the fittings installed for the accommodation of the 
15,000 troops which she was able to accommodate, had 
been carried out at Southampton, previously. Heavy 
equipment was ferried down the river from Clydebank. 
The work of refitting progressed so well that on June 15 
the ship was able to leave Greenock for Southampton, 
where all her furniture, woodwork, etc., had been 
assembled. Of this material, 90 per cent. had been 
made before the war and had been stored in various 
safe areas, as far away as Australia and the United 
States, and this high proportion of her total require- 
ments was therefore available for immediate installation 
in the ship. On the completion of refitting, furnishing 
and decoration, the Queen Elizabeth sailed from South- 
ampton on October 6 to undergo her official speed trials 
in the Firth of Clyde; the accompanying illustration 
shows the ship at speed during a trial run. It will be 
noted that the whole of the conversion work was carried 
out between March and October, a period of only six 
months. 

Within the scope of our notice, it is impossible to 
describe adequately this magnificent example of the 
British shipbuilders’ art, and only a brief outline 
covering main dimensions and principal features can 
be given here. The overall length of the Queen Eliza- 
beth is 1,031 ft., her breadth is 118 ft., and the height 
from the keel to the superstructure is 135 ft. The 
height from keel to masthead is 234 ft. She has 
14 decks, the length of the promenade deck being 
724 ft., a gross tonnage of 83,673, and a draught of 
39 ft. 0} in. The bridge is 125 ft. long and is over 
90 ft. above the waterline. The main propelling 
machinery consists of four single-reduction geared 
turbines of 160,000 shaft horse-power, driving quad- 
ruple screws 18 ft. in diameter and each weighing 
32 tons. Steam is supplied by twelve oil-fired water- 
tube boilers, at a pressure of 425 lb. per square inch 
and a temperature of 750 deg. F. With the exception 
of the main engines, the Queen Elizabeth is an all- 





electric ship, the electricity supply being generated ‘in 


ELIZABETH”. 
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two separate power stations having a total capacity of 
8,800 kW. There are 30,000 lamps and 4,000 miles 
of wiring in the ship. The hull of the vessel contains 
140 watertight compartments and the weight of the 
hull and machinery exceeds 50,000 tons. Each of the 
two funnels has a cross-section of 44 ft. by 30 ft. 
The forward funnel is over 70 ft. in height from the 
sun deck, and internal stiffening in the construction 
of the funnels has eliminated the usual external guys 
and stays. The ship carries 26 Diesel-driven life- 
boats, each having a capacity for 145 persons, and 
each boat can be lowered fully-loaded under the control 
of one man. The Queen Elizabeth has accommodation 
for 2,288 passengers, comprising 822 first class, 668 
cabin class, and 798 tourist class. There are 35 public 
rooms, a cinema with seating capacity for some 380 
people, three jums, two swimming pools, and 
a squash rackets court. The medical arrangements 
include general and isolation hospitals, an operating 
theatre and a dispensary, and 35 lifts serve all parts 
of the accommodation. Navigation equipment in- 
cludes three radar units, one with a range of 50 miles, 
one of 10 miles’ range, and another for the detection of 
aircraft. Radio-telephone equipment enables passen- 
gers to call any country having a telephone service 
connected to an international exchange. Decorative 
schemes throughout the ship have been carried out 
in unique wood veneers, leather, plastics, glass and 
metal, and leading artists and craftsmen have contri- 
buted marquetry, tapestry and statuary, in works of 
great beauty and skill. 





TImmBER-DryInec KiLns.—A booklet entitled “‘ Report 
on the Kiln Seasoning of Timber,”’ recently issued by 
Messrs. Bachrich Patents, Limited, Tabor House, Waver- 
ley-street, Long Eaton, Nottingham, is of particular 
interest at the present time. The publication describes 
and illustrates the construction and use of various types 
of Bachrich kilns, which are arranged for firing by such 
by-products of a timber yard as sawdust, bark, chips, etc. 
Steam is not used for heating the kiln, but when high 
humidity treatment is required a small boiler is used to 
supply steam, the boiler being heated by the general 
waste-wood furnace. - 





THE FarrRey Firerty F.R. Mg. IV Naval AIRCRAFT. 
—From the makers of this well-known naval fighter 
aircraft, Messrs. The Fairey Aviation Company, Limited, 
Hayes, Middlesex, we have received a handsomely pro- 
duced brochure, illustrating and describing this interest- 
ing hine. Considerable care has been taken in the 
preparation of the brochure, which we understand is avail- 
able for restricted distribution, in order to present general, 
but comprehensive, technical information, which will 
meet the preliminary requirements of potential custo- 
mers, particularly those abroad. The brochure contains 
eight sections under the headings of design details, 
stowage, weights, range, alternative loads, performance, 
flight characteristics and topical items; and the arrange- 
ment of the numerous tables and charts is such that the 
range, performance and flight characteristics are related 
to every combination of duty and loading with the 
alternative fuel capacities. The brochure supplies all 
leading particulars required for an initial study of the 
aircraft, and, in this connection, it may be mentioned 
that descriptive articles giving details of the Firefly 
Mk. IV were published in ENGINEERING, vol. 160, page 








316 (1945), and vol. 161, page 583 (1946). 
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IMPROVED LAMINATED SAFETY 
GLASS. 


AN improved form of “ Triplex” safety glass now 
being manufactured by Messrs. The “ Triplex ” Safety 
Glass Company, Limited, 1, Albemarle-street, London, 
W.1, differs from the original glass of that name in 
having a layer of polyvinyl butyral, instead of cellulose 
acetate, between the two covering sheets of glass. The 
resulting improvement is very marked. In the first 
place, a satisfactory interlayer — a high degree 
of elasticity in order to avoid the formation of mirror- 
like areas in the region of cracks in the covering sheets. 
In this cc tion, it is stated that the elasticity of the 
new plastic material is between eight and nine times 
that of cellulose acetate, while the ultimate tensile 
stress of the latter is 2,500 lb. per square inch, as com- 
pared with 4,000 Ib. per square inch for the former. 
The net result of the increase in these two properties 
is a greatly increased resistance to impact. is is 
shown by the fact that the present B.S.I. tests require 
that laminated safety glass shall be able to withstand, 
without splintering, the impact of a ball wei $ lb. 
dropped from a height of 12 ft., while with the new 
glass, a ball weighing 1-68 lb. can be dropped from the 
same height without causing splintering. In fact, the 
only effect of dropping a ball of this latter weight 
from a height of 20 ft. is that a small amount of 
powdered glass is formed at the point of impact. 

This increase of resistance to impact enables the new 
glass to be used in conditions where it may be exposed 
to missiles, and we understand that it is now specified 
for use in aircraft. W.th the earlier form of laminated 
safety glass, the temperature range of effective resist- 
ance was restricted, but the new glass at 10 deg. or 
120 deg. F. shows safety properties at least as good as 
those of the old type at room temperatures. It is 
claimed that it will the tests described in British 
Standard Specification No. 857-1939 at either of the 
two extreme temperatures mentioned above, and even 
that it will be safe at temperatures as low as —40 deg. F., 
which is an important consideration in its application 
to aircraft. A feature of the new glass is that the 
sheets do not require to be sealed on the cut edge, 
since the interlayer has a very low capacity for ab- 
sorbing moisture and does not contain any volatile 
constituent the escape of which might affect its pro- 
perties. The new glass can, therefore, be cut to any 
desired shape or size without requiring varnishing or 
other sealing treatment of the edges. Cutting is 
effected by using an ordinary diamond on both the 
covering glasses and then pulling apart the glass sheets 
sufficiently to enable a razor blade to be inserted to 
sever the interlayer; in cold weather, the glass should 
be warmed slightly by radiation from a fire or by 
pouring warm water over it. Tests, extending over a 
period of five years, both in England and abroad, have 
been carried out by exposure of samples on a roof. 
It is stated that no discoloration has occurred and the 
loss in light transmission cannot be detected by visual 
inspection. The adhesion of the = to the covering 
glass is more effective than is the case with cellulose 
acetate, so that relative slipping, with resultant opacity, 
does not occur. It is stated, moreover, that if the glass 
were used in an aircraft having internal air-pressure 
and were cracked, the interlayer would be sufficiently 
strong to withstand the pressure without rupture. 








THE Port OF ADEN.—The administration report for 
the year ended March 31, 1945, has been issued by the 
Aden Port Trust. Full information relating to the 
shipping, trade and finance of the port is given in tne 
statistical tables, several of which include the figures 
for each year from 1909; the coaling records date from 
1902. Though the port affords safe accommodation 
for ships up to 34 ft. in draught, vessels of greater 
draught can be handled by working the tides, and the 
report states that, of a number of deep-draught stuamers 
which visited the port, 14 had a draught of 31 ft., one of 
32 ft., three of over 32 ft., and one of over 35 ft. In the 
year under review, 2,738 merchant steamers, aggregating 
10,927,873 tons, used the port, compared with 2,122 
vessels with a total tonnage of 8,769,538 in 1938-1939, 
but including Government and Admiralty vessels, sailing 
ships and dhows, the total tonnage was 13,194,208, 
against the corresponding figure of 9,288,022 tons for 
1938-1939. Excluding Admiralty coal, the coaling 
figures are given as 247,580 tons for 1944-1945, against 
46,457 tons for 1938-1939, and the highest tonnage in 
the records of 43 years is that of 274,093 for the year 
1943-1944. During 1944-1945, Aden imported 352,281 
tons of fuel oil and 683 vessels used the fuel-oil berth. 
In the same period, the value of imports and exports, 
excluding Government stores and treasure, was 
204,395,944 rupees and 115,857,087 rupees, respectively, 
the total value of trade exceeding that of the previous 
year by 40,840,710 rupees. Except for the usual main- 
tenance and repair of piers, workshops, quarters, harbour 
craft and buoys, no new works appear to have been 
undertaken during the year covered by the report. 


LABOUR NOTES. 


AN interesting, though unprofitable, discussion on 
the subject of the “closed shop” took place in the 
House of Commons on Thursday last week. Mr. W. J. 
Brown, Independent Member for Rugby, asked the 
Minister of Labour and National Service if he could 
state the Government’s policy in relation to the “ closed 
shop” issue. Mr. Isaacs replied that Mr. Brown had 
not explained what he meant by the words “ closed 
shop.” The phrase, he said, had been imported from 
America for the purpose of causing trouble for the 
Government. When the Cabinet considered it necessary 
to discuss it, he added, they would do so, and when 
they came to a decision, they would not evade the 
issue. Mr. Herbert Morrison, Lord President of the 
Council, is reported to have stated during the discussion 
that whether a man seeking work must belong to a 
particular union or lose his employment was “a 
domestic matter for the Government.” 

In view of the declared aims of trade unionism 
generally for “‘ 100 per cent.”’ organisation, the hesita- 
tion of Ministers to state the Government’s policy on 
the “closed shop ”’ issue was not easy to understand. 
The claim, for example, of the National Union of 
Municipal and General Workers which precipitated the 
strike of London catering workers, was for “ recogni- 
tion” by the hotel managements. It is not to be 
unduly biased to suggest that following recognition 
there would be a demand for “ 100 per cent.” trade 
unionism—otherwise hotels and restaurants would be 
‘closed’ to workers who were not members of the 
union. Sections of the Transport and General Workers’ 
Union—particularly the "bus and tram men, and the 
Smithfield members—have shown how narrow the line 
is which separates the “closed shop” issue from the 
“100 per cent. organisation ”’ issue. 





When the Trades Union Congress meets at Brighton 
next week, the General Council no doubt, will have 
ample opportunities for showing exactly where it stands, 
or, rather, how far the limits of its authority extend. 
As numerous little stoppages have indicated, many of 
the movement’s rank and file do not care much for 
its advice. The Minister of Fuel and Power and the 
Minister of Food went over its head, so to say, in 
increasing the meat ration of miners working at the 
coal face. The Minister of Food probably also did so 
in conceding the rations’ demand of the East Anglian 
fishermen. With many of its affiliated unions cla- 
mouring for similar treatment, the General Council 
‘‘ approached ” the Government, with the result that 
on Friday last, Mr. Strachey announced that increased 
meat rations are to be supplied, as from November 3— 
the date on which the concession to the miners takes 
effect—to canteens serving heavy industrial workers. 
What other organised workers—not to mention thou- 
sands of people who are not organised—will say to this 
remains to be seen. 





Colonel J. Hutchinson, the Conservative Member for 
Glasgow Central, asked the Parliamentary Secretary 
to the Ministry of Civil Aviation whether he would 
instruct B.O.A.C. to recognise the Aeronautical Engin- 
eers’ Association. Mr. Lindgren replied that he would 
not. The matter, he said, was one for the Corporation. 





At a meeting last week at the Ministry of Labour and 
National Service, attended by representatives of the 
three British airways corporations and the trade unions 
which are parties to existing agreements, it was decided 
to form a joint industria] council for civil air transport. 
A further meeting is to be called formally to ratify 
the constitution of the new body. 





In the latest quarterly report of the Bolton and 
District Weavers’ and Winders’ Association it is stated 
that negotiations are in progress with some firms 
witb a view to the arrangement of weaving rates for 
automatic looms. The union’s aim, it is recorded, is a 
starting wage plus a bonus on production. “ What 
we object to,” the report says, “is that the whole of 
our wage should be dependent upon output. We 
desire a more humane system of employment, one that 
does not require our noses to be at the grindstone the 
whole day long, and we believe that the general irtro- 
duction of the starting wage will tend to bring that 
about.” 





After a trial extending over two months, the directors 
of the Accrington weaving firm of Messrs. John Bury 
and Company have decided to establish the five-day, 
45-hour working week at their Union Mill on a perma- 
nent basis. According to a director of the firm, the 
output in the 45-hour week was quite satisfactory, 





The National Coal Board and the executive committee 


meeting in London last week, that the present nationa] 
conciliation machinery should be continued, with the 
necessary adjustments, and that a joint committee 
representative of the board and the union should be 
authorised to dea] with various matters in an agreed 
order. The . tages of statutory holidays and a 
continuance of the principle of the guaranteed wage 
are to be resolved forthwith, and the questions of a 
five-day week and a new wages structure, as well as 
other matters, are to be the subject of early discussion. 





Sir George Schuster, Chairman of the Cotton Working 
Party, addressing a meeting last week of the Colne. 
Nelson and District Textile Managers’ Association. 
said that the worst public enemy was the employer 
who could only say, “‘ Give us the labour and leave us 
alone.” If everyone said that, England would be a 
back number to-morrow. He agreed that they must 
try to get more labour. When the Working Party 
wrote their report they pointed out that it was not 
safe to rely on having a force of more than about 
250,000. There was an overall shortage of man-power. 
Could an extra 100,000 be spared from other industries ? 
He felt that, in the national interest, the cotton industry 
should aim at producing full supplies with a labour 
force of 250,000 in spinning and weaving. With 
improvements in methods and machinery he believed it 
could do so. 





Pending a complete re-equipment, Sir George went 
on to say, everything possible should be done to 
increase numbers as a short-range measure, but the 
industry had to fit itself to work with a labour force 
which, in comparison with conditions before the war, 
was small and highly paid. Equipment must be 
improved as the Working Party had recommended, 
but, in his opinion, the most vital matter was the 
human factor. The report had also emphasised the 
need for leadership, good relations, and a good spirit 
through all ranks. The trade unions had industry’s 
fate in their hands. It was a sellers’ market for labour, 
and if, at such @ moment, labour were to say: ‘“‘ We 
recognise the national necessity ; we will take the lead 
in increasing national production,” they would gain 
prestige and power which would never be lost. 





The Metal and Engineering Section of the Transport 
and General Workers’ Union reports, in the October 
issue of the organisation’s Record, that negotiations 
have been — with the Engineering and Allied 
Employers’ National Federation on the subject of the 
future wage structure of women employed in engineer- 
ing. Other unions in the industry are, of course, 
associated with the section’s application, which is 
stated in the Record to be that the minimum rate 
paid to women workers, 21 years of age and over, 
should be the adult male labourers’ base rate and 
national bonus, that there should be two higher 
grades with additional rates, and that women under 
21 years of age should be paid on a percentage basis 
related to the male labourers’ rate. ‘‘ The employers,” 
it is recorded, ‘‘intimated some of the difficulties 
which to them aqpeered very material. The meeting 
adjourned with the understanding that the employers 
would consult their Management Committee, who 
would probably appoint a small committee of experts 
from the various workshops to examine the position 
thoroughly, after whlch a further joint conference 
would be held.” 





In the report which they have prepared for sub- 
mission to next week’s Trade Union Congress, the 
General Council state that there is a serious lack of 
women workers in industry, and that the post-war 
drift of women back to their homes and personal lives is 
complicated by the preference of women who remain 
at work to stay on in the engineering trades which they 
entered during the war, rather than to turn to the 
older trades which depended on women before the war. 
The cotton industry, for example, is stated to be 
urgently in need of women, while in electrical engineer- 
ing there are 50,000 women workers compared with 
28,000 in 1939. 





In the Commons on Monday last, Mr. Ness Edwards, 
Parliamentary Secretary to the Ministry of Labour 
and National Service, moved a resolution to amend 
the Fair Wages clause in Government contracts. 
The new clause contained these words: ‘The con- 
tractor shall recognise the freedom of his workpeople 
to be members of trade unions.” Mr. Henry Strauss, 
Conservative Member for the English Universities, 
moved an amendment to alter the words “ of trade 
unions” to ‘‘ of any trade union,” The amendment 
was defeated by 266 to 126. In the debate, Mr. Isaacs 
said; ‘‘ Any question of recognising this union or that 
will not, be dealt with by the Government or the 
Ministry of Labour, but will be referred to some 





of the National Union of Mineworkers agreed, at a 








properly constituted authority.” 
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PLASTIC STRAIN IN ISOTROPIC 
STRAIN-HARDENING MATERIAL. * 


By Prorrsson H. W. Swirr. 


Ir axes of co-ordinates are taken in the directions of 
principal stress, the normal and ta: tial components 
of stress oR any plane, the normal of which has direction 
cosines COB a, cos B, cos y, are given by : 

p= =p, cos*« P+tge= =p} cosa . (i) 
where Py, Pg, Ps ate the principal stresses. If the 
Mohr circle di is drawn for these eae stresses, 
arranged for convenience in descending algebraic order, 
thent the components of stress on the plane defined by 
a, B y are oy by the co-ordinates ON, NP 
of the point P located by the construction shown in 
Fig. 1, herewith, ON representing the normal and NP 
the tangential stress intensity. The direction of the 
normal stress is fixed by the normal «, f, y, and the 
direction of the tangential stress may be set out as 
follows on the triangle ABC representing the plane 
a, B, Y in Fig. 2. . 

The principal stress p,, on plane OBC, gives rise to a 
shear stress 8, = p, sina cosa parallel to RA in this 
figure, and the resultant shear stress on plane ABC 
will therefore be the vectorial resultant of stresses ¢,, 
4, 6, in directions R A, R B, RC, respectively. From 
the geometry of the triangle A BC, of which R is the 
orthocentre, it is easily shown that the resultant shear 
stress is perpendicular to the line B D where 











cD _ Ps — Ps 
CA PPPs 
and 
ton D4. Lh Sree 


P—P, coop 
If the base A C is scaled as shown in Fig. 3, page 382, 
so as to represent the base P, P, of the Mohr circle 
diagram, it will be found that the point P, of this dia- 


gram is such that tan B P,A = tan 0, above. Hence 


the shear stress g on plane A B C is perpendicular to the | | 


line BP,. It may be noted that the line through R 
parallel to B P, meets the base in the point N such 
that ON =p, the normal stress on plane ABC. 
With the extension incorporated in Fig. 3, the Mohr 
circle diagram embodies complete information regard- 
ing the stress on any plane. 

fn the present treatment of the geometry of strain, 
the term “strain” is used to connote “ homo- 
geneous pure strain” of mathematical theory. Con- 
sider a row of particles forming a straight line of unit 
length in the unstrained material and having direction 
cosines cos a, cos B, cos y relative to the principal axes 
of strain. If the proportional lineal strains in the 
directions of these axes are €,, €,, ¢s, which need not 
be small, and the corresponding strained lengths 1, = 
1+ ¢,, l,, ls, the strained length of the line will be 
given by 

BP = £1? cos*a, 

while the component of its strained length J, along the 
original line «, B, y will be 1, = £1, cos*a. A compari- 
son of these expressions with equations (i) shows that 
the Mohr circle diagram may be applied generally to 
the comparison of lengths in strained material. In the 
notation of Fig. 1, if the sides of the principal cube are 
strained to O P,, O P,, O P;, then a line of unit un- 
strained length and unstrained direction a, B, y will 
have a strained length O P and will rotate through an 
angle P, O P relative to the principal axes. 

This application of the diagram is valid without 
limitation as to the magnitude of strain involved. For 
physical reasons, which will appear later, large geo- 
metrical strains are of limited in stress-strain 
correlations, but the diagram can be usefully employed, 
for example, in deriving the magnitude and direction of 
principal strains from measurements of scribed net- 
works on sheet metal before and after plastic deforma- 
tion. If the principal strains are small, it is easily shown 
that the lineal strain e and the angular displacement @ 
telative to the principal axes, here defined as the 
angular strain, of a line a, 8, y are given by: 

e= Ze, cost®a + 6 = Let costa. 


Theee expressions are exactly analogous to those for 
normal and tangential stress in equations (i) and show 
that the Mohr circle diagram can be applied to strains 
(as distinct from strained lengthg) when these strains 
are small. In Fig. 1, if OP,, OP,, OP;, represent 
ore e respectively, e is represented by ON and 
y NP. 

The definition of distortion in terms of angular strain 

6 has certain advantages, for the present purpose, over 





* Paper prepared in connection with a programme 
of research for the Deep-Drawing Panel of the Motor 
Industry Research Association and printed, by courtesy 
of the Association, for presentation to the Sixth Inter- 
national Congress for Applied Mechanics, held in Paris, 
September 22 to 29, 1946. Abridged. 

t O.Mohr, Der Civilingenieur, vol. 28, page 113, 
(1882), 


the traditional definition in terms of shear strain, 
defined as the relative rotation of two initially per- 
dicular planes. This shear strain is, of course, 2 0. 
oreover, the direction of the angular strain @ can be 
found by a method analogous to that followed in the 
case of tangential stress. Due to the principal strain 
e,, the line O R in Fig. 2 will be subject to an angular 
strain e daccsvtiate direction R A, and by pursuing 
the analogy it is easily shown that the resultant 
strain of O R will be in a direction perpendicular to B D 
wr = = 2. It will be seen, therefore, that 
_— 
a complete analogy exists between the circle diagrams 
for stress and for small strains, lineal strain correspond- 
ing to normal stress and angular strain to tangential 
stress. 
Under elastic conditions, the corresponding stress and 
strain circle diagrams are very simply related; for it 
is easily shown that 


Po — Ds = 2G (€, — 45), 





whe 


while 
mtmtMm 3K ator 


where G is the modulus of rigidity and K the bulk 
modulus. It follows that a single circle diagram can 
be scaled off to represent either stresses or strains, 
albeit, with different origins, as shown im Fig. 4, page 
382. This figure brings into evidence the fundamental 


Fig.1. Q, s 
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nature of the elastic constants G and K as compared 
with E and oa, for G controls the scale of the strain 
circles and therefore all strain differences, which con- 
stitute distortion, without reference tothe mean strain, 
while K determines the position of the origin, and there- 
fore the mean strain independent of all distortion. 

The independence of G and K is reflected also in the 
expression for the elastic resilience, which can be 
written in the form : 


1 — 1 
W= sgh + cq (PE — ve + Ea}, 


where pz, Py, Pz are the normal stresses and q,, gy, qz 
the resultant tangential stresses on the faces of. any 
cube. In this expression, the first term represents the 
volumetric resilience and the second the shear resilience. 
This latter constituent, which assumes prominence in 
the subsequent discussion, may be written : 


B= 7g [sB (ry — pet + E08} 
= eew—er= gars. ii 
where g, is the root-mean-square of the three principal 
shear stresses of the type g, = "= . Tt may also 
be noted that 
a = £2 (p, — py and S = 7 E(p, — BP. 


To examine the relationships between stress and 
strain in the plastic range it is necessary to consider 








the stress conditions under which plastic, as distinct 





from elastic, strain will occur, that is, the conditions 
under which a materia] becomes unable to preserve 
internal statical equilibrium under applied stress ; the 
conformation of the system of strain which arises when 
this equilibrium is disturbed ; and the extent to which 
the strain persists before this equilibrium is restored 
under the applied system of stress. For this purpose, 
it is conceived that the material in any condition has 
a certain “elastic strength,” measurable in terms of 
the applied stress system or its effects, and that, when 
the ee system demands greater resistance than 
this, the material provides the balance initially by 
quasi-viscous straining and ultimately by virtue of an 
increased elastic strength which is derived in some 
way from the straining process. The conception of 
any static stress-strain relationship beyond the primary 
elastic limit therefore involves the conception of 
strengthening under plastic strain, that is, strain- 


Tt is a well-established fact that plastic strain is 
essentially distortional, and hardly, if at all, volumetric 
in . Plastic strain ‘is, therefore, intrinsically 
directional in relation to the material. Moreover, in 
the process of strain-hardening, the material changes 
its mechanical properties in response to this directional 
strain. It cannot be postulated, therefore, that 
material which is initially isotropic will remain so after 
plastic strain. Provided the principal axes of stress 
remain unaltered during the development of strain, 
it is not unreasonable to asume that, in an initially 
isotropic material, any changes in directional properties 
will be symmetrical about these axes, and that the 

coerced eee suite chines Se tes a 

, in cases where t incipal axes c in ti 

material, any Cactiendl gequitian acquired during 
straining are not likely to be symmetrical with the 
current axes of stress, and there is experimental evidence 
that the axes of stress and strain do not remain coinci- 
dent. The elongation which develops in a bar or tube 
under pure torsion is a simple example. 

Even under symmetrically developed strain, how- 
ever, and therefore s etrically disposed directional 
properties, it does not follow that the response of the 
material to stresses along the three axes of symmetry 
will be similar. Sheet metal in simple tension, for 
example, responds differently in the two transverse 
directions, and Lode’s* results with tubes under sym- 
metrical stress reveal similar discrepancies. 

Any treatment of plastic strain in which the material 
is assumed to behave isotropically must be regarded, 
therefore, in some measure as 5 eae erty Neverthe- 
less, in the absence of precise knowledge of the rela- 
tionship between strain and directional properties and 
in the light of evidence that directionality is a corrective 
rather than a dominant factor, it should serve a useful 
purpose to examine the relationships between stress 
and strain in a hypothetical material which hardens 
under plastic distortion, but continues to behave , 
isotropically. In such material the principal axes of 
strain, for reasons of symmetry, will be coincident at 
all times with the principal axes of stress, but the 
question of similarity of response in the principal 
directions remains to be considered. 

In general, a polycrystalline metal, whether or not 
already overstrained, is capable of withstanding stress 
to a certain point without (further) plastic distortion. 
The intervention of plastic strain at this point alters 
the properties of the metal and from the mechanical 
standpoint it becomes a different material. In this 
sense, the conditions of elastic breakdown define the 
strength of the material in any given state. The stress 
conditions which will cause this elastic breakdown are 
still a ‘matter of some controversy, and experimental 
evidence is not entirely conclusive because, under the 


combinations of stress convenient for e iment, the 
predictions of the more eligible hypo do not 
differ greatly from one another. On the whole, the 
evidence at present available seems to s t that, 
with the exception of mild steel in the condi- 


tion, elastic strength can best be correlated with elastic 
strain energy; either total resiliencet or shear resi- 
lience.t Between these two energy hypotheses there 
is nothing to choose on experimental grounds, but 
owing to the anomaly to which the total-resilience 
hypothesis would give rise in the case of purely hydro- 
static stress, it is clear that this hypothesis cannot be 
of general application. There ap , therefore, to 
be a good case for accepting the + ye resilience as & 
working criterion for elastic breakdown in the case of a 
statistically isotropic material. 

In a material which, for any reason, is not effectively 
isotropic, whether due to technical conditions in manu- 





* W. Lode, Zeit. fur Physik, page 913 (1926). See also 
Taylor and Quinney, Phil. Trans. Roy. Soc. A., 230, 
page 323 (1931). 

+t E. Beltrami, Rend. Ist. Lomb., vol. II, 18, page 704 
(1885), 

t H. Hencky, Z. Ang. Math. Mech. IV, page 323 
(1924). ¢.f. R. V. Mises, Nachr. Geselisch. Wissensch. 





(Gott.), page 582 (1913). 
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facture or to directional overstrain, the case for an 
energy criterion is not so strong on physical grounds 
and, in the case of single crystals, slipis known to occur 
under a definite shear stress between preferred planes.* 
This reservation, however, does not affect the present 
discussion, which is concerned with assumably isotropic 
material. For present purposes, therefore, it will be 
assumed that the elastic strength of a material in any 
given condition is defined by the shear resilience : 


Reet % 
=jq> (a P= & 


following the notation of equation (iii) above. In 
adopting the shear resilience, the r.m.s. shear stress ¢ 
is ily accepted as a representative measure of 
the elastic strength of the materials and g, may be 
used, therefore, when convenient, as an alternative 
criterion of failure. 

Although the resultant strains developed under plastic 
conditions may be large, in general the material c 
its properties by strain-hardening during the develop- 
ment of this strain, and it is more convenient, therefore, 
to consider small increments of strain which produce 
small increments of elastic strength.. The stages of 
plastic strain contemplated in the discussion imme- 
diately following are therefore such that resultant 
displacements, while generally large in comparison with 
elastic deformations, are small in relation to the 
dimensions of the material. Moreover, the dimensions 
on which these strain increments are are the 
current, as distinct from the original, unstrained 
dimensions. 

For this purpose, a unit cube of material may be 
considered, the current representative elastic strength 
bi which is q,, and which is subjected to a pr} system 

wing @ representative value of gq + 8q),.and we are 
concerned with, the. strsine which covet, while the 
material is strain-hardening to the strength gq) + 5g. 

In the first place, it is implicit in the conception of 
isotropy that these strains will be related to the resultant 
stress system represented by q, and not to the parti- 
cular type of increment which is represented by 3 gp. 
For the particular system which produced the repre- 
sentative stress, g, can be replaced, without any effect 
on the material, by any other system having the same 
representative value ; so that, in the resultant system 
Go + 54, it is immaterial what particular element is 
regarded as the increment §q,. If, for example, qq is 
produced by simple tension, the resulting strain incre- 
ments will be essentially tensile in type whether 6 q, 
is @ superimposed tension or torsion. Moreover, in 
isotropic material, the principal axes of strain will 
coincide with the principal axes of the stress. system, qo. 
It remains to correlate the principal strains. with the 
principal stresses, that is, to correlate the Mohr circle 
diagrams for stress and strain. This problem is con- 
veniently approached by considering the directions of 

strain in relation to the directions of shear 


stress. 

Take any plane on which the normal stress is p and 
the resultant shear stress g, and consider the cube, 
the edges of which are all parallel or perpendicular to 
this shear stress. The stress system on this cube is 
shown in Fig. 5, herewith. On this cube there is no 
stress tending to distort the angle X O Y. Now, even 
in a viscous fluid, no component of distortion occurs 
without a corresponding stress, and it is difficult to 
conceive that an isotropic solid material, in which 
static strength is combined with viscosity, will permit 
any distortion without some induced resistance against 
that distortion. With a material of this kind it is 
clear, therefore, that there can be no distortion of 
angle X O Y; in other words, the shear strain asso- 
ciated with the line O Y normal to the plane under 
consideration will be co-directional with the shear 
stress g. It seems reasonable, therefore, to conclude 
that, in isotropic material, shear stress and shear 
strains will be co-directional on every plarie. 

An equation embodying the conception that no slip 
occurs in directions of zero shear stress was formulated 
by Levy,t without explanation or reservation, appa- 
rently by analogy with viscous flow, and also implicit 
in this equation{ is the consequence that the ratio of 
the principal rates of shear is equal to the ratio of the 
corresponding principal stress differences.§ This result 
on also be obtained geometrically by considering 

ig. 3. 

It has been shown that, on a plane which forms a 
triangle such as A BC in Fig. 3, between the axes of 
stress, the line from B perpendicular to the direction of 
the resultant shear stress aay cnr plane A B C inter- 

: : Pu Pa. ars 
sects AC in a point D where —- = ~+—+", while the 
x AC p= Ps 

* E. Schmidt and others, Zeit. Phys., vol. 32, page 197 
(1925); vol. 39, page 359, and later papers. 

t M. Levy, Comptes Rendus, vol. 70, page 1323 (1870) ; 
Jour. Math. p. et appl. II, vol. 16, page 369 (1871). 

+ G. Cook, Proc. I. Mech..E., yol. 126, page 416 (1934). 

§ H. Hencky, Zeit. f. angew Math. u. Mech., vol. 5, 
page 115 (1925). 
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line perpendicular to the direction of angular (or shear) 

1 one 
strain intersects AC in D! where ic = - =~ 
Hence, the coincidence of the directions of shear stress 
and shear strain requires that the points D and D* 
shall coincide and, therefore, that the circles forming 
the (total) stress and (supplementary) strain diagrams 
shall have the same proportions. 

The position of the origin in the strain diagram is 
determined by the fact that, under plastic conditions, 
any volumetric changes are entirely negligible by 
comparison with distortional strains, so that e,+ e,+ 
é;= 0. Hence, apart from scale, the combined diagram 
shown in Fig. 4 is valid for isotropic plastic conditions 
with the origin O' for strain located at the point p. 
The scale relation between the stress and strain dia- 
grams depends upon the stress increment 8 g, involved, 
and upon the strain-hardening property of the material. 

In general, when a metal is subjected to plastic 
strain its resistance to further strain in the same 
direction is increased. The increment in elastic 
strength resulting from a given amount of plastic 
strain is a characteristic of the metal and, the greater 
this increment in relation to the strain, the greater 
is its rate of strain-hardening. If shear resilience S is 
accepted as the criterion of elastic strength, it is logical 
to regard increase in this resilience as a measure of 
strain-hardening and, since plastic strain involves 
strain work, W, which has the same physical dimensions 
as resilience, it would be rational to measure the strain- 





hardening rate in terms of the ratio ad of the increase 


in resilience § § to the small increment of strain work 
8 W which produces it. 

With the notation already adopted, the increment of 
strain work may be written : 


SW=42 (Pa—Ds) (Co—Cs)= $(91 B41.+92 SHa+Gs 8 ys) 
where %1= 4 (Pa— Pz) and 8 Y,= $ (€,— ¢5), 

The similarity of the stress and strain circle diagrams 
requires : 


8d, ¢ <4 
th - by where (5 Y)? = $2 (8 ¥,)*, 





O| 2Ge 2Ge,|2Gé 2Ge, 
== 268 ----- >| 0-Origin for Stress | 

ae 3Kz -————---->1 58 age? , 
(ea600) 0 = Origin for Strain 
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|so that 8 y, is the root-mean-square value of 8 ¥,, etc.* 
Hence 
bby 3 2 
| BW = $-T*(at +92 + 91) = 40 3% 
| 
| and, since 8S = a qo 5 %, it follows that the ratio 
so & 
sW 2G by, 


Since any changes in the elastic moduli under plastic 
|conditions are negligible, the strain-hardening rate of a 
material may be defined, therefore, according to con- 
venience, either by the slope of the S-W curve or by the 
slope of a curve relating the representative shear stress 
qo to the quantity y, which is a representative distortion. 
The curve in which gp is plotted against , has certain 
jadvantages: it is essentially a representative stress- 
| strain curve and therefore of a type familiar to engineers 
jand metallurgists ; the area under ‘je curve is a direct 
j|measure of specific (distortional) strain work : 


Wa 4 (td ¥65 





and the curve can be plotted directly from correspond- 
|ing experimental values of stress and strain, and its 
scale does not involve a knowledge of the elastic con- 
stant G. It is true that the evaluation of y, generally 
involves the summation of increments 8 yp, but this is 
equally true of the strain work W. 

On the other hand, since S and W have the same 


és 
ical dimensions, th tio — 
Physical dimensions, the ratio sw 


and therefore has the same value in any consistent 


is dimensionless, 


system of units, whereas 54 has the same dimensions as 
theelasticmoduli. On the whole, the balance of advan- 
tage seems to lie with the re curve and it is suggested, 


0 
therefore, that this representative stress-strain relation- 
ship be regarded as the basic strain-hardening charac- 
teristic for an isotropic material. 
The condition of isotropy does not, of course, require 


that the strain-hardening rate a should have the same 


* Note also that, since e; + €, + ¢, = 0, 
(8yio)® =4 (e? + ef + €3). 
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value for material at different stages of overstrain ; 
this rate may be expected to vary with the condition 
of the material as represented by q,. It is important, 
however, to inquire whether, in an isotropic material, the 
%-%o curve will be unique and independent of the parti- 
cular distortional stress system (g, : 72 : 7s) applied. For 
this purpose it is convenient to consider a cube of ma- 
terial chosen so that all its faces are subject to the mean 
normal stress 7. With the notation of Fig. 6, opposite, 
any point between A and B or A! and B’ corresponds 
to a plane of mean normal stress and, if the shear stress 
on this plane is 6, and its normal is defined by «,, ;, 7, 
the following relations hold : 


(1-3) cos? a, + 7 cos*p — (143) cosy, = 0 


. 42° y 
(a _ 3) cos*a, + - ¢ cos* B, + (1 + 3) cos? 


£543) 
6 % 
cos* a, + cos? 8, + cos* y, = 1, 
and the plane is defined by : 
“28+ (+2) 
qo 4 


3 (1 — z*) cos*a, = 


—Z8+2)(1+2) 
ae *3+27 - 
- (2) S+* _ 400-2) 


3 (1— 24) cos y, = (ey Sa0e=* 
° 


x 
+ 3 (3 — z)(1 — 2). 


In general, there will be one ‘‘ cube of pure shear” 
corresponding to each plane of mean normal stress ; 
for, in any cube of which this forms one face, the sum 
of the normal stresses on the perpendicular faces will 
be 2 P, and continuity requires that there must be one 
pair of such perpendicular faces on which the normal 
stresses will be equal and therefore have the value p. 
Relations similar to the above hold for these other 
faces of the “cube of pure shear” associated with 
%,, By, y, together with the conditions for perpendicu- 
arity: 2X cosa, cos%g = X cosay cosa, = 0. Writing 


3 (1 — 2*) cos* B, 


1= al, the corresponding ratios r,, 7, are found, by 
fo 

substitution in the above equations and subsequent 

manipulation, to be the two roots of the equations: 

(2 — 13) — 2° (r} —6r2+ 8) +27r¢—8r3?4+ X=, 

where 





_ 8 (9+ 7 2%) (81 + 272% + 424) 


- (3 + 2° 


which gives 


4— 2 aad 2 _ 
- pt tan / |" r2) (8 +23 + ri)—4X) 





=F — 4 
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This relation reveals an invariant for cubes of pure 
shear, r? + 13 + 1} = 4, which, of course, could have 
been demonstrated from considerations of shear tesili- 
ence. 

For the present og wey the advantage of a cube of 
pure shear lies in the fact that its stress system can be 
fully represented, apart from a hydrostatic normal 
stress }, by three independent shear pairs of the type 
shown in Fig. 7, where 


2 
(+) = 2—r? = 73, say, and so for r, and 7,. 
0 


By substitution in the expression for r*, itis easily shown 
that +2, +2 are the two values of 


2 
m=l—Bs 


l . a Sa O—2F) 
raf (ne- 0-3 


From these expressions a diagram.can be drawn, as 
in Fig. 8, showing the corresponding shear pairs for all 
stress systems, as defined by z. 

If, under the system of shear stress components 
t,, ty, ts the corresponding components of the increments 
in angular strain are 6,, 03, 63, similarity of the stress 
and strain circle diagrams requires that 

ty pa ty _ ts — % 9 ao Oe 2 2 
"stk hak tek where 2 6,7= 0,27 + 0,7 + 86,°. 

The contribution of the shear pair t, to the work 
involved in this strain is 3W, = 2¢, 0, and the total 
work will be SW = 2 (t, 0, + t, 0, +t; 65). Of the 
contribution 8W,, some fraction k, will take the form 
of an increase in resilience. Hence the resulting 
increase in resilience will be 


BS = 2 (k, t, 0, + ky ty Oy + hy ty 8) 
2 
= 2 Oe + bath +f 
and, since 
sw = 2h + +H), 


it follows: that the strain-hardening rate 
$8 _ khtt+het+hy 
WwW 86th’ 











where 


x # = 2¢q3. 

Now this strain-hardening rate for a given stress 
system (defined by 2, g,), must be an invariant having 
the same value for all cubes of pure shear, and it is 
necessary to inquire to what extent this invariance 
involves a relationship between k,, k, and k, Consistent 
values of these fractions will satisfy the condition that, 
for all points on any one curve in Fig, 8 (2 = constant), 
the sum 4, 73 + k,72 + ky 73 has the same value ; 
this value, however, need not be the same for all values 
of x. For reasons of cyclic symmetry, it is clear that a 
solution which satisfies the conditions over a sextant 
such as A B will be valid over the whole curve. Ins 
tion of the curves in Fig. 8 will show that, for any given 
value of z, the ranges of values of r?, 73, 73 do not 
overlap, but make marginal contact; in the sextant 
AB, for example, +, > 7, > 73, a8 indicated along the 
base of Fig. 9. 

In general, either of the fractions, such as k,, may 
be expressed as a function of g,, x and 7,, since 7, and 
7, are defined by these quantities, Suppose that, for 
given values of g, and xz, the value of k, 7? correspond- 
ing to A in Fig. 8 is represented by A, in Fig. 9; then 
A, = A,= Be = 4s ous tse te plotted as shown. In 
the same way, an assumed value for B, (corresponding 
to B in Fig. 8) fixes B, = B,.. If, now, form of 
relationship for k 7, is assumed, between A, and B, B, 
and between B, and A, A,, the curve between A, A, 
and B, B, can be completed by computing 7, for any 
given 7, and the corresponding 7, and plotting k, 7,* = 
ky — k, r? — k, 73. Continuity of slope at A, A, and 
B, B, can be preserved without impairing the infinitude 
of solutions and there is clearly an infinite combination 
of values of k,, k,, k, which will satisfy the conditions 
for a fixed value of z. 

For any different value of z, a similar procedure can 
be followed, and, since the values of k are allowed to 
vary with z, there is no reason why the solutions for 
different values of z should be mutually inconsistent, 
Hence it would appear that the invariance. of 
k, 7? + ky 73 + ky 72 for a fixed value of x does not 
involve a finite limitation to the values of ky, kg, ks in 
terms of 7,, 7,, 73. If, however, the rate of strain- 
hardening is independent of the stress system, 

rv? + &, 22 + k, 7; will be constant for all values 
of z, and a definite relationship must exist between, for 
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example, k, and r?; for, with any assumed value of 7, 
and therefore of, r!, the quantities +? + 7? = 
2—r? and kri+ks} = & — ti are both 
constant. Hence the curve relating k- to 7* must 
either be linear or have skew symmetry about the 
point corresponding to 1— . Since this condition 
must be fulfilled over the whole range of values of 7,, 
it follows that k 7* must bear a linear relation to ys 
so that kr? =a-+ 567" and since, when r= 0, the 
corresponding shear pair can make no contribution to 
the strain work, it follows that a = 0 and kis a constant 

independent of 7 and of x. Hence, 

&S 

z, = ky = ks == iw 
It appears, therefore, that the strain-hardening rate 
at a given value of g, will only be independent of the 
stress system if the mode of strain- ing conforms 
to certain limitations which are not dem: by the 
conditions of isotropy. In other words, the non- 


coincidence of strain-hardening characteristics ri 
obtained under different of stress, in torsion 
and tension, for ——_ is not evidence of anisotropy 
in the i On the other hand, the coincidence of 
certain implications regarding 

4 s 1 t : ti for 
such ¢ i- 


found 
in the general expression, 
G = y= (Py — PP +222", 
or in a simplified form appropriate to the stress system. 
Where, for example, the principal stresses are easily 


measured, 
G = ty = (Ps — Ps)’; 
and, where the conditions are those of plane stress, 


a5 = & (pi + P — Pi Pa)- 

In making these determinations it is necessary to 
et ee ee Seen one 
stresses ee ee oe applied 
—— the initial dimensions of the material. For 

is reason, it is generally necessary to measure not 
only the applied force system, but also any appropriate 
changes in ions. 

The representative strain ¥, has to be 
determined from successive increments, which may be 
computed from some form of the expression 


(3 Yo)? = vy E (ey — ez? + ZEB 02 = yy Z (ey — 6)", 

or sometimes more simply from the relation 
sw 
sy = —, 
He 4% 

where 8 W is the strain-work increment per unit volume 
obtained, for example, from direct measurements of 
applied load, torque, extension and twist. 

Constancy of volume under plastic strain reduces the 
general expression for strain to the forms 

(8 Yo)* = $(e3 +h + erty) +2E OF 
=*(ei +e +e, es) =t(e? + ¢} +e?) 
and, in the case of plane strain, where e, = 0, so that 
1 I 

4 +4=0, (8 yo) = def and y, = va '8e r 
where [, is an unstrained length along a principal axis. 

The e ions above involve no assumption of 
isotropy Dat where this can be assumed, or demon- 
strated, simple expressions for y, can be found for such 
common cases as simple tension or simple shear. In 
simple tension, 


l 
(e=4=—tey d%=~V/de, and ¥ = +/} log, Z 
where |,, | are measured along the axis of tension. In 
simple shear, as, for example, the torsion of a tube, 


ba a! Ge 82, where 2 0, is the increment in the “ angle 


of shear” and 4, = stn $, where ¢ is the total angle 


of shear as conventionally defined. In experiments on 
combined tension and torsion of a thin-walled tube, it 
is easily shown that g° = 4 p2 + 4493, where p, is the 
axial tension and qg, the torsional shear stress. The 
representative strain is given by 


8W 1 
a at aq, “*?# + 2 0292), 


and correlation between the stress and strain diagrams 
leads to the working formula 

(3 do)? = $ {e3 — ex ty + 2 03}, 
where ¢, is the axial strain, e, the hoop strain, and 2 6, 
the increment of the “ angle of shear.” Pure tension 
and simple shear can be , of course, as special 
cases of this more general ula. 
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ELECTRICAL APPARATUS. 


578,464. Laminated Transformer Core. Standard 
Telephones and Cables, Limited, of London, and J. Beard 
of London. (6 Figs.) June 2, 1944.—The invention is 
a cheap method of manufacturing and assembling the 
laminations of a transformer core with great accuracy. 
Each lamination 1 has a number of slots, which are 
blanked out by the blanking tool forming the lamination. 
Two of the slots in the side of the lamination are parallel- 
sided, while two in the top are of dovetail form. The 
laminations are lined up and clamped together with 
malleable-wire strips 4, which are forced into the slots. 
The strips are of softer metal than the laminations, so 
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that the action of forcing the strips into the slote causes 
the metal to fill the slots. The wires are sheared over at 
the ends. The malleable strips in the dovetail slots are 
integral with a mounting plate 6 having projecting 
lugs 7, by which the transformer is fixed. Two laminated 
blocks of E shape are inserted in a transformer coil, and 
clamped together. The invention eliminates the use of 
the holes, screws and nuts which are generally used to 
clamp laminated cores together. Since each lamination 
is blanked out by the same tool, when the laminations 
have been lined up by the wire strips, the mating faces 9 
are flat and do not require the usual grinding operation. 
( Accepted June 28, 1946.) 


SHIPS AND NAUTICAL APPARATUS. 

578,909. Anti-Rolling Apparatus. Brown Brothers 
and Company, Limited, of Edinburgh, and W. Wallace, 
of Edinburgh, and William Denny and Brothers, Limited, 
of Dumbarton. (1 Fig.) October 31, 1938.—The 
invention is a gyroscope-actuated electric control switch 
which anticipates change of direction of rolling motion 
and operates the anti-rolling apparatus accordingly. 
The switch consists of a gyroscope 1 with a contactor 
leyer 2, which is precessed by rolling motion of the ship. 
































This is resisted by spring-held plungers 3 on the lever. 
The springs are adjustable by screw-threaded spring 
housings. The lever 2 has two pairs of open spring 
contacts 7, 8, which are in the control circuits of the 
anti-rolling apparatus. The contacts engage abutment 
pads 9, 10 mounted on a complementary contactor 
member 11, which can be displaced by the lever 2 and 
is centralised by springs 12. The member 11 is con- 
nected to the piston rod of a double-acting air dashpot, 
including a piston working in a cylinder fitted with non- 








return transfer valves and with manually adjustabje 
speed-control valves. If the ship rolls to port, the gym. 
scope precesses clockwise in opposition to the springs 
and the contacts 8 are closed by the pad 10 so that the 
anti-rolling apparatus counteracts the roll. The pressure 
on the pad 10 displaces the member 11. Before compie. 
tion of the roll to port, the angular velocity of the roy 
decreases so that the precessional couple is overcome by 
the springs and the contacts 8 are opened and the cop. 
tacts 7 closed. Thus the other anti-rolling apparatus 
starts to counteract the roll to starboard which follows 
a roll to port. The return movement of the member 1) 
to mean position is retarded by the dashpot piston ang 
the contacts 7 and 8 are maintained closed and open, 
respectively. (Accepted July 17, 1946.) 


MISCELLANEOUS. 


579,426. Turbine-Wheel Mounting. Armstrong- 
Siddeley Motors, Limited, of Coventry, and T. Clark, of 
Coventry. (3 Figs.) October 7, 1943.—The wheel of 
an elastic-fluid turbine undergoes temperature changes 
between the stationary and running conditions. The 
invention is a method of supporting the Wheel so as to 
withstand the internal stresses caused by the change of 
temperature. The shaft 13 is splined to a hub 15 carrying 
the main supporting flange 19. The hub is located end- 
wise on the shaft by a conical washer, locknut and locking 
device 18. The turbine wheel 12 has a flange 21 which 
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fits into the flange 19 and is located by fitting dowels 20. 
The flange is situated where the internal stresses, when 
the periphery is heated, are more or less neutral. The 
wheel is attached to the flange 19 by bolts through the 
flanges 19 and 21. The flange 19 is connected with the 
hub 15 by an annular curved portion 28 which has a 
certain amount of flexibility thus relieving the hub 15 of 
stresses caused by the expansion of the wheel 12 at 
working temperature. (Accepted August 2, 1946.) 


579,436. Testing Welded Joints. The Whessoe Foundry 
and Engineering Company, Limited, of Darlington, and A. 
Nelson, of Darlington. (5 Figs.) March 30, 1944.— 
The invention is a method of testing all the seams in a 
welded gas-tight container. It avoids the use of elaborate 
testing equipment and ensures that the interplate space 
is also gas tight. The plates 1 and 2 overlap and are both 
overlapped at the edge by the plate 3. The plates are 
joined by welds 4, 5, 6, 6a and holes 7 and 8 are bored 
through the plates 2and 3. The holes are screw threaded 
and nipples screwed into them. Air under pressure is 

















then introduced through the nipple to the interspace 
between the plates and a soapy liquid applied to the 
welds. The air has access to both the welds throughout 
the whole length of the joint and any points of leakage 
in either weld will be disclosed by bubbles. The inter- 
plate spaces into which air is introduced must be sealed 
completely and additional short transverse seams, not 
structurally necessary, may have to be added. The space 
entered by hole 8 is closed by welds 4, 5, 6a, but an 
additional weld at the other end of the lap-joint between 
plates 1 and 2 is required to close the interplate space. 
(Accepted August 2, 1946.) 
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FORCE CHARACTERISTICS 
OF CIRCUIT BREAKERS. 


By K. Sonmtier, Ph.D., A.Inst.P. 


Tue importance of recording the mechanical 
performance of oil circuit breakers has long been 
realised. It is important to the inspector, who, if 
a practicable device is available, can compare the 
workmanship and assess the allowable tolerances of 





the characteristics of the closing mechanism, of the 
contact-making speed also. 

The closing and opening forces are obtained by 
closing the breaker hydraulically and measuring the 
pressure in the hydraulic cylinder, The apparatus, 
which is illustrated in Fig. 1, is essentially a hydraulic 
jack on which is mounted a pressure ‘gauge, or, for 
recording purposes, an engine indicator of the 
Dobbie-McInnes type. The device can be operated 
by a small electrically-driven pump, as shown in 
Fig. 2, but usually it is operated by a hand pump. 























Fic. 1. 

















Fig. 3. Lyrerior oF Orv Crrcurr BREAKER. 


different mechanical features consistent with econo- 
mical production. A particular advantage lies in 
the fact that mechanical tests can be done while 
the breaker is in a stage at which electrical tests 
are still out of the question. Numerical test results 
are of even greater significance to the designer. The 
following analysis of closing- and opening-force 
curves of breakers also gives an indication of the 
no-load opening speed to be expected, and, given 
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When the breaker is closed, a valve on the cylinder 
is opened which allows the oil to return from the 
pressure cylinder to the oil reservoir ; the internal 
circuit-breaker mechanism operated by the accelerat- 
ing springs, drives the cylinder ram back, thus 
forcing the oil back into its reservoir. During this 
part of the test the opening forces are recorded by 
the indicator. The opening times are of the order 
of ten to 30 seconds, so that during this slow motion 
the pressure in the cylinder is affected only negligibly 
by the dynamic pressure losses. 

The diagram, Fig. 5, on page 386, shows the type 
of curve obtained for the closing and opening forces 
of an oil circuit breaker, plotted against the push-bolt 
stroke. This diagram is not a reproduction of one 
actually obtained experimentally, several features 
being included for convenience which would not 
appear in one and the same breaker ; others being 
left out. The first and fundamental problem is to 
determine the forces which act on the cross-bar. The 
mathematical relations between the cross-bar and 
push-bolt forces will be worked out, and from these a 
graphical method immediately applicable to the 
diagram obtained from the indicator will be derived. 





(eee:.0) 
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Before attempting this, however, reference should be 
made to Figs. 3 and 4, which illustrate the relation- 
ship between the various components. Fig. 3 shows 
the interior of a circuit breaker in the open position, 
and Fig. 4 illustrates a mechanism diagrammati- 
cally. In the former, the contacts, contact-lifting 
rods, and dashpots are clearly visible, and the 
end of the cross-bar, with the accelerating springs 
above it, can be distinguished near the upper end of 
the contact-lifting rod on the right. The cross-bar 
connects the lifting rods of all three phases. 





Fic. 2. Tzstrinc APPARATUS ARRANGED FOR Motor OPERATION. 


The force appearing on the experimental diagram 
may be made up of any of the following factors : 
the weight of the moving parts, accelerating springs, 
buffer springs, throw-off forces of contacts, friction 
in contacts, friction in pins and mechanism. in 
general, dashpots, etc. Most of these forces act 
on the cross-bar. The stroke of the push-bolt is 
usually shorter than the travel of the cross-bar. 
If so, the force on the push-bolt must be greater 
than the cross-bar forces, at least on the average, 
since the total energy in in.-lb. applied on the 
push-bolt side cannot be less than that required 
on the cross-bar; (the push-bolt is that part of 
the circuit breaker to which the operating mech- 
anism, in this case the hydraulic device, is con- 
nected). The ratio of the push-bolt force to the 
cross-bar force is not independent of the momentary 
position of the cross-bar. It is not permissible, 
therefore, to work out the push-bolt forces by 
multiplying the cross-bar forces by the ratio of the 
two travels, unless internal toggle effects are known 
to be negligible. A peculiar difficulty is brought 
about by those forces which do not act on the 
moving contact. These are originated in the 
mechanism itself, as, for example, by the friction 
in the mechanism, or by the unbalanced weight of 
the levers of which the mechanism consists. They 
do not influence the push-bolt in the same propor- 
tion as the cross-bar forces. A hint as to how to 
overcome this difficulty may be obtained by con- 
sidering another case in electrical engineering. The 
particular characteristic of a transformer is that the 
voltages on the primary and secondary. windings 
are in a certain fixed ratio, the transformer ratio. 
We can compare the ratio of these two voltages 
with the ratio of the push-bolt and cross-bar forces, 
and the forces originating in the mechanism may 
then be compared with the iron losses of the trans- 
former. The voltage loss will be represented by a 
different value according to which side is chosen 
in the diagram for inserting the impedance repre- 
senting these losses. The iron losses are in a similar 
position to the mechanical forces, for they occur in 
the magnetic circuit, this being the “ mechanism ” 
which connects the primary and the secondary 
sides. We may say, therefore, that the losses are 
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transferred to one or the other side of the trans- 
former. In the same way, we “transfer ” the forces 
of the mechanism to one “side ” of the breaker and 
may chose for it the cross-bar side ; in other words, 
we regard all forces as acting on the cross-bar. 
Only in breakers with severe toggle effect at the 
end of the stroke is it advisable to consider whether 
friction in the internal mechanism affects seriously 
the accuracy of the proposed method of measure- 
ment. 
Consider first the push-bolt diagram, Fig. 5. We 
start from the open position and close the breaker 
i The character of the first part of the diagram 
will depend on whether or not the 
springs of the breaker act over the total stroke. As 
this point will be of importance to the discussion 
later, a small part (up to 5) is shown as it would 
appear if no accelerating spring acted there. This 
part of the diagram, therefore, only represents the 
weight of the moving parts and the friction of the 
mechanism. At 6, which would coincide with the 
commencement of the diagram if the springs acted 
over the whole stroke, the force begins to rise, but in 
spite of the linear characteristic of the springs this 
rise is not usually straight, because of the con- 
tinuously changing leverage between contact bar 
and push bolt. At ¢ contact-make occurs, and this 
involves a sudden increase of force. The actual 
shapes which the force curve can assume at this point 
are very varied, according to the type of contact 
used. Similarly nothing can be said, in general, 
about the end of the diagram near the “ breaker 
closed ” position, as its form depends on the exist- 
ence of main contacts ‘‘ making” after the arcing 
contacts, buffers, extent of the toggle effect in the 
mechanism, etc. Usually, the maximum 
force occurs at the end of the curve, but this is not 
necessarily the case. 
As soon as the stroke is initiated, the 
force drops to what is called the “‘ throw-off ” force. 
This is due to the frictional forces, which, in closing, 
are added to the weight and spring forces, but are 
subtracted in opening. Calling the former k and 
the latter f, we obtain for the resulting closing 
operation, p, = k + f, and for the opening opera- 
tion, p, = k—f. On the whole, it may be said 
that the opening curve repeats the closing curve on 

a lower level and in the opposite direction. 
Denoting the force on the cross-bar by P, and its 
position by X, and using p and z for the corre- 
sponding loads and positions on the push-bolt ; 
then, if the cross-bar moves a short distanc; dX it 
uses an amount of energy equal to P dX (in.-lb.). 
This energy is supplied by the closing mechanism 
and amounts to p dz (the kinetic energy is negli- 
gible in hand closing); both, of course, must be 

equal, so that 
pdz=PdxX, ... . (1) 


(as p includes the friction, so also does P; the 
friction in this case is referred to the cross-bar as 
explained above). The time required for the cross- 
bar to move from X to X + dX is dt. Dividing 
(1) by dt, we obtain :— 


pv=PYV, 
or 
p=Py, or p:P::V:4, 
d 
if  — » = speed of push-bolt and a =V= 


speed of cross-bar. 

The push-bolt and cross-bar forces are inversely 
proportional to their respective speeds. However, 
since speeds are not shown on the push-bolt force 
diagram, direct use will be made of equation (1). 
We approximate it by assuming dz and dX to be 
finite but small compared with the total length of 
the stroke, so that we may put 


pAg=PAX. . . . (la) 
It has been found practicable to take AX = } in. 
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the Az’s, the AX’s being constant at } in. In case 
a force diagram is to be used where marks have not 
been made, they may be computed approximately 
from the drawings of the breaker. In some cases 
it may be advisable to use AX = } in. at the 
end of the stroke. The curve plotted by the 
indicator is the push-bolt force 


p= p(z). 7 ‘ - (3) 


The following graphical method now suggests 
itself. Draw a straight line parallel, to the abscissa 
at a distance AX (in this case } in.) and call it g. 
Then, assuming we wish to know the cross-bar 
forces in the position, say p,O (Fig. 5), connect B, 
the point of intersection of the line p,O with g, 
to the previous mark A on the base line. Draw 
lines parallel to this through p, and p,. Then the 
distances of their points of intersection with the 
base line from O are equal to P, and P,., the respec- 
tive cross-bar forces. This is easily proved, for, 
since the triangles O AB, OP, p, and O P, p, are 
similar, the following proportions hold :— 


Az: AX::Po:p0:: Pe: te - (4) 


and this is obviously equivalent to (12). 

If the forces on the cross-bar are required for a 
few specified positions only, this graphical method 
is sufficient. If, however, the cross-bar forces are 
to be plotted against the cross-bar travel for the 
whole length of the stroke, it is preferable to cal- 
culate the forces, owing to the excessive number 
of lines intersecting. Equation (la) can then be 


used in the form 
Az 
P= PX’ 
or, since AX = }f in., 
P = 4p Az, 


The practical procedure is to lower the oil tank of and p and Az can be read off the diagram. 


the breaker under test, operate the hand pump, and 


The different marks on the base line of the 


after every } in. movement of the cross-bar, make a diagram are numbered. B : 
. . . By spacing equally the 
mark on the base line of the diagram. Thus, we forces P in the different positions (not the unequal 


obtain a non-linear scale where the distance between 
two consecutive marks corresponds to } in. travel of 


Az’s, but AX’s) we obtain the curve 





the cross-bar (see Fig. 5). These marks represent 








P=P(X),. . . (6) 


ro) 
— XY 
Pa SS WN fd 
fc WA S MG a 
pas Pe Po A “ENcINEERDNG” 
(eos:.c) Push Bolt Stroke 
Fig. 6 
ic Ol 
§ é 
5 ] 
‘| | 
il 5 aie 
m1 
he gli : 
ea . Push Bolt Stroke 3 aia 


so that the forces on the cross-bar are plotted 
against its position. 

The curve P(X) corresponds to the original 
curve p (x) obtained from the indicator. This curve, 
however, will consist mostly of straight lines (except 
near the point of contact-make) since all the curva- 
tures are due to the changing leverages in the 
mechanism. Since the difference between the 
opening and closing curves is twice the friction, as 
explained above, the mean of the two will approxi- 
mate closely to the weight and spring forces only. 
From this derived diagram it is possible to assess 
the combined stiffness of the accelerating springs. 

At the point indicated by the asterisk in Fig. 5, 
p, is the closing force, and p, the opening force. 
The mean between the two is the operating force F 
excluding friction, 

Pit Ps 
F = ———. . . . (6) 


If this is done at a part of the diagram where no 
accelerating spring acts, this force can be taken to 
represent the mass moved. The difference p, — p, 
is twice the friction (because in closing the friction 
is added to the weight and in opening subtracted 
from it). Hence the friction in the mechanism is 
given by 

a ee JP pF (pu = friction coefficient). (7) 
2 

From this an average friction coefficient can be 

obtained for the part of the stroke considered. 
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The force required for the closing and opening 
movements is derived from different sources. The 
closing is effected by an external source, while the 
opening is effected by the accelerating and buffer 
springs and, in certain classes of breaker, by con- 
tacts. The closing speed, therefore, cannot be 
determined unless, apart from the force diagram of 
the breaker, the characteristic of the closing 
mechanism is known. The opening speed, however, 
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can be determined from the breaker characteristic 
alone. It must be borne in mind, however, that 
these speeds are no-load speeds, since interrupting 
a circuit, especially a short circuit, involves an 
additional impulse due to the electromagnetic 
forces on the contact bar. The accelerating and 
buffer springs, which provide the energy for opening 
after tripping, have to overcome the oil and the 
frictional resistance in the contacts and the mechan- 
ism. The remaining energy is absorbed by the 
inertia of the moving parts and accelerates them ; 
it is obtained from the opening curve of the breaker. 

To explain the procedure we may first calculate 
the speed of contact separation. In opening, the 
breaker follows the lower curve. At contact 
separation it will have reached position c. The 
energy set free so far is 


ce 
B= [Rax.. ‘ - (9a) 
- closed pos. 
According to (1), this is equal to 
e 
E= | Poadz. . . - (9b) 
closed pos. 


This is given by the area a, between p = py (x) 
and the abscissa (indicated by hatching in Fig. 5). 
Since p, is usually approximately constant between 
these limits, it is easy to assess it with sufficient 
accuracy. It should be remembered that p, is the 
accelerating force already reduced by the frictional 
losses in the breaker. 

This energy is transformed into the kinetic energy 
of the moving parts ; hence 


E= “oe = | » a = a, (expressed in in. Ib.). 
~ closed pos. 
For V we obtain ¥7 
Ve = V2. " in. per sec. 
= VE /t ft. per sec. 
= 2-31 = ft. persec. . (11) 


where g = gravitational acceleration = 384 in. per 
second per second, M = equivalent moving mass in 
pounds, a, = (explained above) in pounds. The 
suffix indicates the position considered; here c 
refers to contact separation, and v, = cross-bar 
speed at contact separation. 

In comparison, the speed of contact separation 
obtained from oscillograph records agrees well with 
these calculations. As in the case of the cross-bar 
forces, it will be advisable to use a table, if the 
whole speed curve is to be plotted. Since V is 
proportional to Va, it is more expedient to work out 
and plot this, and to recalibrate the scale of ordinates 
for speed later from a special point, say, for example, 
the point of contact separation. The scheme sug- 
gested for this computation is given in Table I, in 
which the symbols are self explanatory. 




















TABLE I. 

| 
¥ | II. | III. | IV. | v. | VI. | VII. 
Pos. | Po | Az | pe A 2}2p0 At Vp oAt| Remarks. 
0. 520 1:9 988 988 31-4 (closed 

position) 

1. | 440] 5-2 | 2290 | 3278 57-2 
a 














From column IV, column V is obtained by adding 
the value of IV to the value of V on the previous 
line. The values for the first three columns are 
taken directly from the indicator diagram. If the 
value of column VI is spaced equally (not propor- 
tional to Az) the curve 


V=V(xX). . .° (12) 


is obtained, which is the speed of the cross-bar 
plotted against its position. 

If the speed at one particular position only is 
required (say, at contact separation), equation (11) 
can be evaluated by a purely graphical method. 








The first step is to approximate the area a repre- 
senting the available energy by a rectangle A C E D, 
Fig. 6. The original area representing the energy 
before contact separation usually does not deviate 
appreciably from the rectangular shape. The equi- 
valent weight of the moving parts M required may be 
obtained from the diagram. A vertical line is 
drawn at the end of the diagram, A being the point 
where the vertical line cuts the zero line. The 
point B on this line is at a distance M from A, 
using the pound scale of the diagram. Another 
vertical line is drawn at the position where the 
speed is required (say, at contact separation); it 
cuts the zero line at D. Then draw a line parallel to 
BD through C, the right-hand top corner of the 
rectangle, AC approximating the energy supplied 
up to the point of contact separation. This line 
cuts the zero line at F. We then find the point G 
on the zero line, being 2-31* = 5-33 in. from F. 
The next steps depend on whether F G is (a) smaller, 
or (b) greater than F A, i.e., whether G lies (a) to 
the left, or (b) to the right of A. Fig. 6 shows 
condition (a). 

For case (a) draw a semi-circle with AF ‘as 
diameter. A vertical line from the zero line at G 
intersects this semi-circle at H. The length in 
inches of the line connecting H and F is equal to 
the speed of the cross-bar in feet per second. 

For case (6), draw a semi-circle with FG as 
diameter. The perpendicular from A (the closed- 
position line of the breaker) intersects at a point H 
the distance of which from F is equal to the speed. 

The proof, for case (a) only, is as follows: from 
similar triangles 

AB:AD::AC:AF: 
or 


ADxAC a 
Magy ey 


= expression under the square-root sign in (11). 
Since A F H is a right-angled triangle in a semi- 
circle, 


F Ht = FG x AF = 5-33 x 5. 


a a a 


In some cases it may be desirable to obtain the 
curve V = V (t), i.e., the speed plotted against time. 
This can be done by drawing a time scale parallel to 
the abscissa of V(X). 

For the calculation of the time scale we may start 
from the curve V = V(X). From the definition of 


dX d 
speed, V = a dt = —3 Therefore the time 


the contact takes to move from the closed posi- 
tion to some position X is 


cof” dX 
= v" 
i) 
This, for practical purposes, is approximately 
Ax 
p> “VT . 


(The units used for AX and V.must be compatible, 
i.e., if AX is expressed in inches, V must be given 
in inches per second.) V is an average value between 
X and X + AX. The scheme of Table II is suitable. 














TABLE II. 
I | II. III. | IV. | Vv. 
Pos. Ax Vv _Ax > Ax hi 
Vv ory 
i 0-0401 
23 1/4 55 0-0045 0 0446 














Column V gives the time the cross-bar takes to 
move from closed position to position in column 1. 

To determine the acceleration, we have, from 
equations (9a) and (10), for any position X, 


3 
= = | P, dX. 

0 
Differentiating with respect to time, 


M ,, dv dX _ P,V, 





=v eB 
g 0 


dt a 


or for the acceleration 


qe gq 
A= a =~ ure 


Therefore the curve P, (X), multiplied by a 


represents the curve A(X), i.e., the ,acceleration 
plotted against the cross-bar position, This follows 
as a matter of course, since, by definition, force is 
proportional to acceleration. Hence it is suggested 
that, on the right-hand side of the P, (X) curve, a 
scale of inches per second per second should be 
drawn giving the acceleration values. 

The accuracy of the results depends mainly on the 
effect of the pencil friction of the indicator and the 
friction in the hydraulic closing device, Assuming an 
accuracy of + 5 per cent. for the indicator diagram, 
the final results cannot be expected to have a smaller 
error margin than + 10 per cent. approximately, 
due to the accumulation of errors by graphical 
methods and the replacement of the infinitely small 
dz, etc., by the finite Az in formule (Ia), et seq. 
A further cause of error in the determination of 
opening speeds is that the energy required to 
accelerate the mechanism levers is not included 
completely. In very heavy breakers, this may 
involve an over-estimate of the speeds obtainable. 
The determination of the breaker speed by the sug- 
gested method therefore will not eliminate direct 
speed measurements by the oscillograph. It will, 
however, enable the engineer to obtain a figure 
representing an upper limit to his anticipated 
results, and this can be done at a relatively early 
stage of the assembly of the breaker with very little 
experimental equipment. 

The work described in the above article was car- 
ried out in the research department of Messrs. 
Ferguson, Pailin, Limited, Manchester. 





LITERATURE. 


Le Cobalt. By ROBERT PERRAULT, with a Foreword by 
PROFESSOR PIERRE CHEVENARD. Dunod, Editeur, 
92, rue Bonaparte, Paris, 6e. [Price 390 French 
francs.) 

WHILE oxides and salts of cobalt have long been 

used as a colouring agent in the ceramic and 

enamelling industries, the metal itself was not em- 
ployed to any extent in metallurgy until about forty 
years ago. The value of cobalt as a constituent in 
high-speed tool steel, in permanent-magnet alloys, 
in heat-resisting steels, in sintered-carbide cutting 
tools and, more recently, as a catalyst in hydro- 
genation reactions, however, has been brought out 
as the result of systematic research carried on for 
many years and in many parts of the world. In 
his little book, of only 150 pages, Mr. Perrault 
has compressed a great deal of information on 
what was for generations an elusive and little 
understood metal. He gives first a history of the 
element and makes brief allusions to the early dif- 
ficulties encountered in the smelting of the arsenical 
ores of the metal in Saxony during the Sixteenth 
Century, which difficulties, he reminds us, caused the 
superstitious miners to call the refractory ore, and 
later the metal it contained, kobold, a German word 
signifying goblin. Modern methods of treating 
cobalt ores are dealt with at length, then follow 
chapters on the physical and mechanical, magnetic, 
chemical, and physiological properties of the metal. 
Nearly two-thirds of the book, however, are devoted 
to uses and applications of cobalt. The influence 
of the element on high-speed, magnet and other 
steels in widening the y-field and rendering the 
austenite stable at a lower temperature range, in 
increasing the tensile strength, and also, in the 
higher cobalt alloys, the coercive force and magnetic 
retentivity, are indicated by diagrams and in other 
ways. The author appears to have made a fairly 
thorough examination of metallurgical literature 
for research results on ferrous and non-ferrous alloys 
in which cobalt is a constituent, and his sections 
on metallic carbides and on cobalt electrodeposits 
are also worthy of study. His final chapters on 


miscellaneous uses of cobalt oxides and salts, on 
the metal as a catalyst, and on outputs and prices, 
contain much of interest, more particularly perhaps, 
to consumers of cobalt to whom the book is ad- 
dressed, as well as to refiners and producers of the 
metal and of its alloys. 
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‘* ENGYNES.”’ 


By Herbert Cuatiey, D.Sc.(Eng.), 
M.Inst.C.E. 


From Ireland and Spain in the west to China 
and Japan in the east, right along the band of the 
old cultures of the Mediterranean, Middle East, 
India ‘and the Far East, there are still, or were 
recently, to be found numbers of primitive mech- 
anisms, made of wood, rope, pottery and mud, 
which do not appear to have changed substantially 
for centuries. These are the watermills, water 
hoists, lever presses and tilt hammers, which are the 
ancestors of all modern machines. The following 
types should be noticed specially. 

(a) Horizontal-wheel vertical-shaft direct-coupled 
water-mill. (The oldest recorded examples occur in 
Eire in the Fourth Century a.p., and in China in 
the Third or Fourth Centuries a.p.) 

(6) Vertical-wheel horizontal-shaft geared water- 
mill (Greco-Roman area, about 100 B.c.). 

(c) Chain-of-pots water-hoist, geared, ox-driven. 
(Greco-Roman era, especially Egypt)—The Sakyeh. 

(d) Ditto without gear. (Philo of Byzantium, 
200 B.c.) 

(e) The Cherad or skin pulley-hoist (Susa, 100 B.c.) 

(f) Na’ura or bucket-wheel hoist, water-driven 
(Vitruvius, 20 B.c., on Orontes, Ninth Century a.p., 
China, before 100 a.p. ?) 

(g) Tympanum or hollow-wheel water hoist, 
geared or water-driven (Fayum, 20 B.c.). 

(h) Archimedean-screw water-hoist (Egypt, Third 
Century B.c.). 

(i) Chain pump, with wooden paddles (China, 
Fifth Century a.p.). 

(j) Lever press (early Greek period). 

(k) Tilt hammer, water-driven cams (China, Fifth 
Century 4.D.; Spain, Eleventh Century .p. ?). 

These all belong to what Geddes called the 
Eotechnic (‘‘dawn-skill”) phase of mechanical 
development, and in Europe were largely replaced 
from the Fifteenth Century onwards by the metallic 
types constituting the Paleotechnic (“ old-skill ’’) 
forms which are now being succeeded by the com- 
prehensive type which he calls Neotechnic (‘ new- 
skill’), embodying all the best ideas and including 
esthetic and social elements. 

It is the object of the present note to discuss 
when, where and how these eotechnic forms 
developed. They were preceded by what may be 
termed the Prototechnic (“ first-skill ”) elementary 
forms, of which the simple lever, roller, wedge, 
wheel, rope, drill, loom, etc., are representatives. 
These all go back to pre-history and may be con- 
veniently ascribed to, say, about 4000 B.c. in Egypt, 
Iraq. or the Punjab. It can never be known exactly 
how, when or by whom they were begun, but they 
can be associated with the beginning of other things, 
such as agriculture, the calendar, writing, pottery 
weaving, and copper working. It is clear that, at 
that time, there was a rather sudden uprush of 
invention. 

There is a very common belief that some of the 
eotechnic devices are also very old, but there is 
no good evidence that any one of them existed 
before, say, 400 B.c. In Egypt, Iraq and China, 
where written and pictorial records exist, we know 
of the early existence of the swape or well-sweep 
(shaduf), but of the rotary devices other than the 
vehicular wheel, the simple pulley, the potter’s 
wheel, the bow drill, the bow lathe, the textile 
reel and spindle, there is no evidence whatever. 
Even the simple pulley is not recorded until about 
700 B.c. L. W. King, in his History of Babylon, 
endeavours to show that a chain-of-pots water-hoist 
existed in Nebuchadnezzar’s palace at Babylon, but 
his supporting data are very weak. 

It is not until after the time of the Greek philo- 
sophers—from 400 B.c. onwards—that we hear 
definitely of complex rotary machines. Archytas of 
Tarentum (d. 394 B.c.) is reputed to have invented 
the screw and compound pulley. Dionysius of 
Syracuse is supposed to have been the first to use 
catapults and balliste for siege ‘‘engynes”’; these 
involved lever windlasses and twisted rope springs. 
Dionysius seems to have had a technical committee 
of Greeks to advise him, and the development of 
such weapons is a major feature in the fragmentary 








literature on ancient mechanics. Archimedes 
(287-212 B.C.) is credited with the screw pump and 
an improved pulley hoist. Philo of Byzantium 
(about 250 B.c.) wrote on the subject of artillery, 
but also on the chain-of-pots (without gearing) and 
the na’ura (bucket wheel with treadmill, or undershot 
waterwheel). Vitruvius (about 20 B.c.) describes 
the watermill, the chain-of-pots, the tympanum 
and the na’ura—commonly called the ‘ Persian 
wheel”’—all as rare and unusual devices—and 
associates their invention with the founders of 
spherical astronomy. Diodorus, Strabo, Lucretius, 
Antipater, Pliny, Plutarch and Ausonius refer 
incidentially to some of these devices, but these are 
all late writers and of the sources from which they 
quote, none is older than 400 B.c. Ctesibius, Hero 
of Alexandria, and Pappus appear to be culminating 
writers of this phase; they refer to compound 
gears and worm coupling. 

As to the chain-of-pots (sakyeh), still so much used 
in Egypt, Flinders Petrie said that the earthenware 
pots which form an essential part of this machine 
do not occur in pre-Roman deposits, so that the 
alleged great antiquity of the sakyeh is a delusion. 
In the well of Sultan Yusuf Salah Ed-din (Saladin’s 
well) in the citadel of Cairo, which is popularly 
reputed to go back to ancient Egyptian times, 
there is a very deep shaft with two sakyehs; but 
there is no real evidence that it preceded the Roman 
period, when the fortress of ‘‘ Babylon” was built, 
and the story seems to come from a confusion of 
Yusuf with the Biblical Joseph. 

The Greek writers oscillate between a tendency 
to make the origin of inventions too near and a 
practice of ascribing too much to the Egyptians 
and Babylonians. The ideas of the screw and com- 
pounding of pulleys bear a strong mathematical 
impress which must surely be Greek. 

In China there are no rotary machines on record 
before 50 a.D., and in India they are considered 
to be no earlier than this. The hand crossbow 
appears in China about the First Century B.c., 
but the use of large siege ‘“‘engynes” was very 
rare, although the Sassanians used them in their 
wars with the Romans in the Fifth Century a.p., 
and the Mongols occasionally used them. Alexander 
the Great doubtless made them familiar to many 
of the peoples of Western Asia. The fact appears 
to be that the design of these machines, simple 
as it seems to us, requires a considerable knowledge 
of geometry ; and it is the writer’s contention that, 
until such knowledge had been gained by the Greek 
mathematicians from about the time of Eudoxus 
(404-352 B.c.), they could not have been produced. 
If this be admitted, then the world owes to the 
Greeks the “‘ engyne ” just as much as it doesidealistic 
art, musical harmony, medicine, political theory, 
fully phonetic script, democratic freedom, sport, 
theatricals, philosophy, logic, physical speculation, 
criticism and, above all, mathematics. 

At about that time, the Greeks, on the basis of 
long observations made in Iraq and Egypt, began 
successfully to analyse the motions of the heavenly 
bodies, firstly by simple circles and then by the 
principle of superposed circular motions (the 
“‘ hippopede” and, later, the “‘epicycle”). The 
notion of long temporal cycles appears, from 
Tuscany to China, to date from about this same 
time. The Greeks developed a relatively profound 
knowledge of geometry, including specially the 
properties of the circle; Euclid’s Elements is the 
principal, but not the only, monument of this 
advance. Now and again, they condescended to 
apply this knowledge to practical ends and, willy- 
nilly, produced more complex machines than had 
ever been known. Sad to say, like their modern 
followers, they devoted more attention to engines 
of war than to peaceful devices, but they did 
produce éven the latter and the writer feels that 
to them must go the credit for many inventions. 
The Roman Empire spread knowledge of such 
machines, and they were preserved by the Persians 
and Byzantines until the Muslim period, when the 
knowledge returned to Europe. 

Man, in spite of his pride in his mental powers, is 
not naturally an inventive creature. The faculty 
appears to be confined to a few individuals, although 
we are beginning now to cultivate it. The wheel 
never appeared in Central America ; the screw never 





appeared in China. In Europe, when the Greeks 
turned from mathematics to the barren field of 
polemic theology, their inventive powers waned, 
It was not until a fresh people, the Arabs of Iraq, 
learned of the old Greek records from the Byzantines 
and Syrians in the Ninth Century, that a new, but 
rather slight, pulse emerged and spread a host of 
somewhat improved machines (the giant na’urahs of 
Hamah, etc.) throughout the area controlled by 
Islam, from Spain to India and the borders of China, 
Later, when western Europe, from the translation 
of Arabic forms of Greek originals, revived the 
impulse, inventive power arose again, but this is 
another story. One point may be emphasised, 
however ; namely, that modern engineering, based 
on the laws of mechanics, is absolutely founded 
on the discoveries of Sir Isaac Newton, whose main 
interest was astronomical. Thus, just as the Greek 
philosophers studying astronomy produced rotary 
machines as a side line, and Arab astronomers 
improved such machines also as a side line, so the 
Seventeenth-Century astronomers of Europe pro- 
duced the laws of the machines on which we are now 
so dependent. The kinematic and dynamic con- 
ditions in astronomy are far simpler than those of 
bodies on the earth and thus could be more easily 
deduced, thereby enabling terrestrial problems to 
be solved. 

Vitruvius very clearly indicates his view that 
technical science derived from astronomical study 
and, although this is, in a way, just a piece of mysti- 
cism, it contains a strong element of truth. 





POLYTHENE.* 
By Dr. F. A. Freeru, F.R.S. 


POLYTHENE is a general term for the range of solid 
polymers of ethylene which are produced by subjecting 
that gas to high pressures under carefully controlled 
conditions. The polymer is a saturated straight-chain 
hydrocarbon in which the length of the molecules is 
of the order of 1,000 carbon atoms. Messrs. Imperial 
Chemical Industries, Limited, for whom I have worked 
during the whole of my professional career, is organised 
into Divisions which have a reasonable measure of 
autonomy in the general framework of the Company. 
The Alkali Division, in which Polythene was discovered, 
was formerly Brunner, Mond and Company, Limited. 
This company, which manufactured sodium carbonate 
and allied materials, was founded by the late Dr. Ludwig 
Mond, F.R.S., and Sir John Brunner in 1872, for the 
Pp of working the Solvay process in Great Britain. 
About the year 1907 they decided to start a research 
laboratory at Winnington in Cheshire, where their larg- 
ent works were situated. In the year 1909 this labora- 
tory became interested in the preparation of ammonium 
nitrate by double decomposition, and by the beginning 
of 1914 a number of reactions for the preparation of am- 
monium nitrate had been worked out, at least as far as 
the equilibria were concerned. During the war of 1914- 
1918, many of these were successfully put into operation 
and very large quantities of ammonium nitrate were 
obtained thereby. In 1919, contact was made with 
Professor Schreinemakers and Professor Kamerlingh 
Onnes of the University of Leiden. This led to a 
close association between the company’s research 
department and the University of Leiden and, later, 
the University of Amsterdam, an association which 
still persists. Several of our young research workers 
went to Leiden and worked under Kamerlingh Onnes, 
during which time some of them became acquainted 
with A. M. J. F. Michels, of the University of Amster- 
dam, who at that time was a lecturer and has subse- 
quently become van der Waals Professor. 

Professor Michels was doing a great variety of work 
at very high pressures and several members of the 
staff of I.C.I. (Alkali), Limited, worked under his 
direction. He became one of the firm’s consultants 
and visited them frequently in Winnington. By this 
period, Brunner, Mond and Company had become a 
constituent of Imperial Chemical Industries, Limited. 
In 1928, I.C.L. (Alkali), Limited, sent out a small com- 
mission to visit Amsterdam, where one of their staff 
was already working with Dr. Michels and decided on 
ap mme of work at high pressures. In 1934, Dr. 
Michels designed, at our request, a pump capable of 
giving a pressure of 3,000 atmospheres on a modified 
Cailletet principle, and this was built by Dikkers at 
Hengelo. It was with this pump and with apparatus 
desi by ourselves that we began systematic work on 
the high-pressure chemistry of organic compounds, dur- 
ing the course of which we eventually discovered 





* English text of a lecture delivered in Paris, on 
Monday, September 23, 1946, at the 20th Congress of 
the Société de Chimie Industrielle. Abridged. 
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Polythene in March, 1933, The first ainnate to pro- 
duce 2ny reasonable organic synthesis were disappoint- 
ing and unsuccessful. It is worthy or note that this 
work proceeded right through the unparalleled depres- 
sion of 1930. At that time, at Winnington, the Research 
Department was in charge of Mr. H. E. Cocksedge, 
and the Polythene research was directed by Mr. J. ©. 
Swallow. The original high-pressure team were 
Messrs. M. W. Perrin, R. O. Gibson, E. W. Faweett, 
and W. R. D. Manning. 

Polythene first appeared as a trace of a white solid 
in a reaction vessel, Micro-analysis showed that its 
carbon and hydrogen ratio were practically that of 
ethylene. This interesting discovery was followed up, 
but its prosecution led us immediately into a long series 
of technical difficulties of every description, including 
explosions, the result of which was that Polythene 
was not produced on a large enough scale for technical 
evaluation until December, 1935, by which time 
greatly improved apparatus enabled reasonable quan- 
tities to be made. Its physical properties were soon 
seen to be remarkable. By the year 1936, important 
advances had been made and in that year also the first 
beginnings were made towards devising a continuous 
process of manufacture. As may be imagined, con- 
tinuous working above 1,000 atmospheres at a tempera- 
ture of 200 deg. C., involved us in one difficulty after 
another, but owing to brilliant and determined team 
work all these difficulties were overcome, and by the 


_ year 1937 a continuously running pilot plant was in 


operation in the laboratery. The main compressor 
for this was of a special type designed for us by Professor 
Michels and built in Holland under his supervision. 
By this time, the product was sufficiently promising 
to justify approaches being made to various industries, 
notably the electrical, where it was considered it might 
be useful. The Telegraph Construction and Mainten- 
ance Company, Limited, of London, who had a back- 
ground of many years in the processing of gutta- 
percha and its use in cable insulation, particularly 
under water, were quick to see the similarity of prin- 
ciples and handling conditions of Polythene and gutta- 
percha, and speedily adapted some of their plant to 
handle the new material. By the end of 1938 an 
experimental length of submarine cable had been made, 
and, in July, 1939, one was made a mile long. The 
greatest interest was shown in this cable, even in its 


early imperfect experimental state, by the Admiralty | 


and the British Post Office. In 1938, the company 
decided to erect a full-scale manufacturing unit with 
reaction vessels 600 times the volume of the original 
experimental reactor. The design of this plant was 
completed by the end of the year, and the erection of 
the plant started in 1939. This unit came into operation 
about the time that the Germans invaded Poland, but 
before it had produced a kilogramme of Polythene 
it had already been decided to double its capacity. 
It is aremarkable and providential coincidence that the 


large-scale production of this material, so valuable | 


to the British and Allied war effort, should coincide 
with a time of supreme need. 

During our early efforts on the synthesis of Polythene, 
there was also going on in Great Britain the secret 
development of radar, but it was not until after the 
beginning of the war that these two inventions came 
together. In collaboration with various Government 
departments, the Telegraph Construction and Main- 
tenance Company were experimenting on Polythene- 
insulated cables for radar work, and the first ton of 
Polythene made was delivered for these experimental 
cables just after the outbreak of war; all Polythene 
delivered in the first three months of the war was used 
for this purpose. By the beginning of 1940, another 
war-time use for Polythene was under development in 
conjunction with the Admiralty for the insulation of 
certain special under-water cables, but at the time of 
the Dunkirk evacuation, when the second unit of the 
first Polythene plant came into operation, the radio- 
location uses had outgrown all others in importance. 

Early in 1940, an entirely new plant was designed. 
Its construction was begun in August and pressed on 
with the highest priority. It was completed by the 
end of 1941 and began production early in 1942. Its 
capacity was very much greater than that of the 
original unit. In 1941, an American delegation visited 
the L.C.1. plants and were given all information on its 
manufacture. With characteristic energy, skill and 
enterprise they had two large plants going early in 
1943. Before this period, however, a Polythene- 
insulated cable had been laid in the United States as 
part of the multi-channel trunk telephone line between 
New York and Washington. This was done with 
material supplied by ourselves early in 1940 to the 
Bell Telephone Company, who have always shown 
an appreciative interest in Polythene. The reader 
of the literature now growing on Polythene, on both 
sides of the Atlantic, may possibly get the impres- 
sion that important differences exist in the properties 
of polymerised ethylene produced in the two countries. 
Actually comparison shows that there are remarkably 
few, if any, differences between the products made in 








this country and America, if equivalent grades are 
taken. The Americans favour a comparatively hard- 
grade Polythene, while the cable industry in Great 
Britain prefers to use a composition plasticised with 
polyisobutylene, The manufacturing position of Poly- 
thene to-day is as follows. Considerable tonnages are 
produced from two plants in this country and from two 
plants in the United States, while plans for new plants 
and increased output are in active preparation. 

Having now dealt briefly with the history of Poly- 
thene we can say something about its preparation. 
Polythene is produced from ethylene derived either 
from oil or made by the dehydration of alcohol. The 
Polythene produced in Great Britain is made from the 
latter material. Alcohol vapour is passed over a catalyst 
at a temperature of 200 deg. C., when it is decomposed 
into ethylene and water. The ethylene is purified with 
the utmost care and then carefully and accurately 
mixed with oxygen in a very small concentration. The 
mixture is compressed in two main stages to 1,200 
atmospheres and finally enters the reaction vessel at 
200 deg. C. During the polymerisation, a considerable | 
amount of heat is developed and the removal of this 
has been the subject of ingenious design in the manu- 
facturing plants. The liquid Polythene emerges from 
the reaction vessel in the form of a pellucid stream 
which is cast into blocks. 

I would like to reiterate that the generic name 
Polythene covers a whole spectrum of products with 
gradations in properties, and it is our custom to select 
from the range the product with properties suited, not 
only to the performance required of the finished article, 
but also to the processing methods available. The 
outstanding electrical properties of Polythene and its 
low density can be matched in pure paraffin waxes, but 
in Polythene they are combined with remarkable 
mechanical properties and, as a result, the virtues of 








the paraffin structure are made available in new fields 








cardboard can be coated or impregnated with Polythene, 
and the material may be added to wax for use in water- 
proofing paper in order to raise the softening point and 
to improve the crease resistance of the proofed paper. 
During the war, the bulk of Polythene has been used 
for insulating cables, particularly high-frequency types, 
but rods, tubes, films and other sections have also been 
made. It has the merit of being one of the easiest 
plastics to fabricate by the processes of extrusion and 
moulding. 

When especially large or complicated articles have 
to be made from Polythene, sheets and tubes of all 
grades may be joined by hot-gas welding. A stream 
of nitrogen, at 300 deg. C., is directed on to the joint, 
and a Polythene filler rod is used to make the weld. In 
this way, large containers for corrosive acids, pipes 3 ft. 
or 4 ft, in diameter, T-pieces, flanged pipes, etc., may 
all be fabricated. Polythene sheet may also be manipu- 
lated at a temperature of about 105 deg. C. by bending 
and shaping over formers, or by blowing with air at a 
pressure below 5 lb. per square inch: Polythene may 
be. machined very easily using ordinary wood-cutting 
tools and moderately high speeds. 

I propose to conclude this discourse with a short 
account of the important part played by Polythene in 
the war in connection with radar. The applications of 
radar in Great Britain during the war were the task of 
the three Services, the great department known as the 
Telecommunications Research Establishment and the 
Ministry of Supply, together with such well known 
industrial companies as the Telegraph Construction and 
Maintenance Company, Limited, Metropolitan-Vickers 
Electrical Company, Limited, and British Insulated 
Callender’s Cables, Limited. In the I.C.1., the develop- 
ment was in the hands of Messrs. P. Allen and E. G. 
Williams. 

The pioneer of radar in Great Britain, Sir Robert 
Watson-Watt, F.R.S., has been kind enough to give me 


of application. Many properties of the new material, | the following statement on the matter. I now quote his 


particularly flexibility and toughness, are due to the | words. 


“The introduction of radar for fixed ground 


long molecules which tie the structure together and | stations in 1935 led to an immediate and insistent de- 


since we can control the average molecular weight 


we can therefore control the mechanical and physical | 


| mand for the design of mobile stations for land use, 


of shipborne sets, and for the fitting of complete radar 


properties throughout our Polythene range, giving us | installations in combat aircraft. Difficult as were the 


a wide choice of materials. As frequently happens, it 
is necessary to compromise. For example, the material 
is usually processed as a thermoplastic. Now while 
high molecular weight improves the properties desired 
in the finished article, it also causes great increases in 
resistance to flow when melted, and a limit is usually 
set by the capabilities of the processing machinery 
available. 

The following are some of the principal physical 
properties. At 20 deg. C. the power factor varies 
vetween 0-0001 and 0-0003, and is practically inde- 
pendent of frequency from 1,000 cycles per second up 
to highest frequencies used technically. The permi- 
tivity, from 50 to 2 x 10° cycles per second, is 2-3 at 
20 deg. C., and falls to 2-1 at 70 deg. C. Im fact, the 
electrical properties of the material are what would be 
expected from its hydrocarbon structure. Its actual 
melting point is between 110:deg. and 120 deg. C., at 
which temperature all crystallising disappears. Its 
mechanical properties are typical of crystalline poly- 
mers, in that the materia] shows the property of “ cold 
drawing ”’ in thin sections in the same way as gutta- 
percha. The stress at which this phenomenon occurs 
is about 1,500 Ib. per square inch. The compromise 
between high molecular weight and means of processing 
has so controlled the development of Polythene in 
Great Britain that varieties are classified on a scale 
based on fluidity in the molten state at 190 deg. C. 

We can now say something about resistance to chemi- 
cal attack, it being always understood that these 
statements refer to massive Polythene, such as sheets, 
films, coatings on metal, mouldings and extruded 
sections. As would be expected from its chemical 
structure, it is very resistant chemically and can be 
used extensively where such a property is of value. 
It is, however, important to remember that it is a 
hydrocarbon and therefore liable to oxidation, although 
to a far smaller extent than rubber. Such oxidation 
can be inhibited by use of suitable antioxidants. The 
halogens attack Polythene, but, except at high tem- 
peratures, the mechanical properties are not appre- 
ciably affected. The material is remarkably resistant 
to acids and alkalis. It is extraordinarily resistant 
to hydrofluoric acid and suffers no mechanical deterio- 
ration. A solution of caustic soda of 40 per cent. 
strength is without action. In air, in the presence of 
ultra-violet light or strong sunlight, there is a very 
slow discoloration and slow oxidation if no antioxidant 
is present. 

Polythene, being a hydrocarbon, absorbs water to 
a very slight extent ; the water absorption is normally 
less than 0:05 per cent. Its resistance to permeation 
by water vapour is very good and it is one of the best 
of the plastic waterproof film-forming materials; it 
is comparable with rubber hydrochloride and moisture- 
proofed regenerated cellulose film, and is superior to 
polystyrene, rubber. and cellulose esters. Paper or 





ground and shipboard problems, they were easy com- 
pared with those of the airborne installations. High 
voltages are unpopular in the air, and an aircraft which 
must be parked in the open in all weathers, ready for 
instant action, is one of the least attractive platforms 
for equipment which, on the one hand, requires many 
kilovolts for its operation and on the other depends on 
a precise comparison of two very short-wave radio 
signals so weak as to be on the limit of perception at the 
moment when vital combat tactics have to be based on 
the comparison. Losses of energy had to be reduced 
to a minimum, even when they were constant in value ; 
variation due to moisture affecting differently the two 
sets of receiving aerials and the leads from them was 
fatal to directional accuracy. The airborne set could 
work effectively only on wavelengths under two metres, 
and best of all on wavelengths under ten centimetres. 
Orthodox dielectrics had intolerable losses or unaccept- 
able mechanical limitations. - 

The availability of Polythene transformed the design, 
production, installation and maintenance problems of 
airborne radar from the almost insoluble to the com- 
fortably manageable. Polythene combined four most 
desirable properties in a manner then unique. It had 
a high dielectric strength, a very low loss factor even 
at centimetric wavelengths, it could fairly be described 
as moisture-repellent, and it could be moulded in 
such a way that it supported aerial rods directly on 
watertight vibration-proof joints backed by a surface 
on which a moisture film did not remain conductive ; 
and it permitted the construction of flexible very high- 
frequency cables which were convenient in use. A whole 
range of aerial and feeder designs otherwise unattain- 
able was made possible, a whole crop of intolerable air 
maintenance problems was removed. Hence Polythene 
played an indispensable part in the long series of vic- 
tories in the air, on the sea and on the land, which 
were made possible by radar.” 





ENGINEERING PROBLEMS OF FUTURE AIRCRAFT.— 
A full-day discussion on “ Engineering Problems of 
Future Aircraft,’’ will be held by the Royal Aeronautical 
Society in the lecture hall of the Institution of Civil 
Engineers, Great George-street, London, S.W.1, on 
Thursday, November 14. At the morning session, from 
11 a.m. until 1 p.m., two papers will be presented and 
discussed, namely, ‘“‘ Power Installations,” by Mr. F. M. 
Owner, and “‘ Tailless Aircraft,” by Mr.G:H. Lee. Two 
papers will also be presented and discussed at the after- 
noon session, from 2.30 to 4.30 p.m., the first, “‘ Flying 


-Boats,” by Mr. C. P. T. Lipscomb, and the second, 


“Large Aircraft,” by Mr. A. E. Russell. After a tea 
interval of half-an-hour, from 4.30 to 5 p.m., an evening 
session will be held. At this session, which will continue 
to 6.30 p.m., there will be a general discussion and a 
summing-up by the chairman. 
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SHIP SALVAGE.* 
By G. R. Crarrontry, C.B.E., M.A. 
(Continued from page 379.) 


Tue author now comes to examples of salvage, as 
single entities, of vessels which broke their backs after 
stranding; that is to say, examples of a technique 
which refloated the vessel as a whole in contrast with 
the common method of salving each end separately, or 
salving one end and abandoning the other. The method 
depends upon (i) isolating and controlling all ma‘n 
compartments before and abaft of the compartments 
fractured ; (ii) balancing each of the two parts of the 
veasel separately by a red'stribution of we'ght so that, 
upon refloating, the separated parts will come together 
in al'gnment ; and (iii) lightening each part so that the 
vessel will float clear. The first examples deal with 
caces where the fractured compartments were left com- 
pletely open to the sea. The Towerfield (4,378 tons 
gross; built 1935) stranded on the north side of the 
Workington Channel with a cargo of 7,000 tons of 
‘manganese ore on the morning of Sunday, October 19, 
11941, and broke her back. She lay across a spit upon 
which she was impaled amidships and was exposed to 
westerly and south-westerly gales. Although, in the 
-early stage of the flood tides, she was stern-on to the 
tidal current, towards half flood she became subject 
to the set of the tide on her starboard quarter, causing 
scouring and leaving a bank of sand on the starboard 
side of the fore end. The ebb tides tended to cause 
scouring on the port bow, and thus the broken parts 
showed a tendency to twist in oppozite directions. 
The navigable channel, only 300 ft. wide, was con- 
‘stricted by this wreck to 70 ft., and for a time the 
Harbour Board closed the port to all traffic. With the 
major west-coast ports under air attack, the smaller 
ports became of abnormal importance, and the obstruc- 
tion of Workington Harbour by this wreck cau-ed great 
concern in official quarters. At low tide there was 
only 7 ft. of water in the channel abreast of the wreck, 
cand inshore she dried out except for a narrow gulley. 
At high water there was a mean rise of 28 ft., so that 
the forward and after wells were submerged for about, 

-one-third of the beam and the waterline was at about 
half the height of the bridge deck. At low water, there- 
fore, coasters or salvage vessels lying alongside would 
take the ground and at high water would ride with their 
decks above the level of the bridge deck of the wreck. 
‘The presence of vessels alongside would prevent the 

of any other traffic; and thus there was the 
dilemma that, whereas everyone was anxious to have 
the wreck removed, the temporary closing of the port 
to enable salvage operations to proceed without inter- 
ruption was intolerable under the abnormal conditions 
ofthetime. A compromise had to be accepted whereby 
salvage operations were suspended from half flood to 
half ebb. This involved serious embarrassment to the 
salvage operations, but the work was organised so 
that, except when heavy plant had to be transferred, 
the attendanee of a salvage vessel was dispensed with 
and operations were conducted by means of motor 
launches. A contract was entered into whereby it was 
undertaken to salve the ship if possible, but, if salvage 
should become impossible, each broken part would be 
taken separately inshore over the banks to a position 
where they would cease to be an obstruction. 

The vessel broke just abaft the stokehold bulkhead ; 
the bridge-deck plating wae open 2 ft., and the fractures 
extended five strakes below the main deck on the port 
side and three strakes down on to the starboard side, 
and on both sides crossed the bulkhead between No 3 
hold and the stokehold. Below the fractures, the 
ship’s sides were badly buckled to and below the bilges, 
with occasional splits in the plating and numerous drawn 
and started rivets ; and the bottom had set up so that 
the tank top in No. 3 hold was bulged upwards and 
split on the fore side of the bulkhead. The stokehold 
tank top was in similar condition, and the compression 
had sprung the bulkhead from its landing and from the 
ship’s sides. In the stokehold, the tank margin plates 
on both sides were fractured and there was a fracture 
of irregular shape on the centre-line extending from 
the stokehold under the bulkhead into No. 3 hold. 
Nos, 2 and 3 holds were divided by a screen bulkhead, 
hence the flooding of No. 3 hold, which was used as a 
bunker space, involved No. 2, which was a cargo space. 
There were pocket bunkers on the after side of the 
bulkhead. 

It was expected that control of Nos. 2 and 3 holds 
would be obtained by a large assemblage of pumping 
power associated with the work of divers, and that 
the sources of leakage into Nos. 1, 4 and 5 holds would 
be traced and closed, but that the machinery space 
and tunnel would remain open to the sea through the 
ship-side fractures and bottom damage, and that all 





* Paper read in Glasgow on September 24, 1946, at a 
joint meeting of the Institution of Naval Architects and 
the Institution of Engineers and Shipbuilders in Scotland. 
Abridged. 


double-bottom tanks would remain flooded. By caleu- 
lation, the loss of buoyancy would be 2,756 tons, but 
in determining the weight of cargo to be discharged, 
allowance would have to be made for the wet weight 
of the entire cargo and the fact that drainage of 
water from manganese ore is sluggish; hence there 
would be a substantial volume of water remaining in 
the ship beyond the theoretical permeability of the 
cargo. The vessel had stranded on a 30-ft. 9-in. tide, 
but it was advisable that the salvors should not be 
limited to refloating on such a high tide, as northerly 
or easterly winds are known to cut tides at Workington 
by as much as 2 ft. It was therefore decided to dis- 
charge 4,400 tons of cargo (wet weight), and calculations 
showed that the requisite balancing of each end 
independently so as to bring the deck into slight 
compression would be achieved by removing 500 tons 
from No. 1, 920 tons from No. 2, 620 tons from No. 3, 
1,600 tons from No. 4, and 760 tons from No. 5 hold. 
The after peak was flooded and formed a ready means 
of adjusting trim by pumping if necessary. A - 
mount consideration was that, once the vessel had 
been refloated, she must be completely removed from 
the strand. If, in heaving into the channel, she had 
pinned anywhere on the bank and had to be grounded 
again over a low-water period on a bottom of inevitably 
different configuration, it was inconceivable that she 
could have survived and the consequences would 
probably have been calamitous. 

Owing to the heavy list of 13 deg. to starboard, 
the vessel’s derricks would not plumb the hatchways 
of the coasters ; and it was necessary to fit a special 48-ft. 
derrick, capable of dealing with a self-trimming grab 
weighing 1 ton and a load of 30 ewt. As the vessel 
was entirely without power, it was necessary to provide 
portable Diesel-driven winches, though, as operations 
progressed, steam was taken from the coasters through 
flexible pipe-lines to the vessel’s own winches. Port- 
able motor-driven electric-lighting sets were also 
installed on board. With regard to seouring, although 
there is no practical preventive available to a salvor, 
the action taken to counteraet the tendency of thé 
fore end and after end to twist in opposite directions 
was to discharge a preponderating weight of cargo 
from the side where scouring was occurring, 80 as to 
provide a counterpoise. Controlled scuttling valves 
were fitted to the forward and after holds so that, as 
lightening operations ed in association with 
the closing of the sources of leakage, the bending 
moment induced at high water by the buoyancy of 
these compartments could be eliminated by partial 
flooding, and at low water they were drained so as to 
relieve the structure as much as possible of weight 
overhanging the regions where scouring had occurred. 

Divers found that the bilge-valve chest on the stoke- 
hold bulkhead had been fractured, resulting in the 
flooding of No. 1 hold, and control of that space was 
obtained by plugging the bilge line. The flooding of 
the after holds was traced to started landings in the 
tunnel, and this was stopped by plugging the open 
landings with softwood wedges. The control of 
leakage into Nos. 2 and 3 holds involved protracted 
and elaborate diving work inside the vessel. A good 
deal of wreckage had to be cleared away from the 
stokehold side of the damaged bulkhead and the 
pocket bunkers had to be cleared of coal. The 
extensive buckling fractures and rivet holes had to 
be plugged and wedged where the bulkhead had sprung 
from its landings on the tank top, and whete the 
buckling had burst the ship’s side from the bulkhead ; 
a cement box 2 ft. high by 2 ft. wide was erected from 
port to starboard on the stokehold side of the bulk- 
head and 9 ft. high in the pocket bunkers. Access 
had also to be obtained to the fore side of this bulk- 
head and a similar cement box constructed on that 
side. In course of this work, a serious fracture was 
found on the starboard side of the bulkhead, 1 ft. 
above and 2 ft. below the limber boards. Divers had 
also to plug the split plating and rivet holes in the 
ship’s side forward of the stokehold bulkhead, and 
plug the bilge line openings in the bulkhead where 
the valve chest had been broken. ' 

After this work had been completed, there was still 
very substantial leakage into Nos. 2 and 3 holds, and a 
pumping test carried out with three 12-in. pumps and 
one 6-in. pump, of an aggregate output of 2,760 tons 
per hour, could only hold the leakage when running at 
full capacity. This test revealed that the serious 
leakage was through the tank top on the centre-line in 
No. 2 hold and necessitated the clearing of a trunkway 
to the tank top for the purpose of access and plugging. 
This resulted in better control, but these spaces still 
required the pumping power of two 12-in. and one 6-in. 
pump. By January 17, 4,375 tons of manganese ore 
and bunker coal had been discharged ; Nos. 1, 4 and 5 
holds were under easy control of small pumps ; Nos. 2 
and 3 holds.were under control of two 12-in. and one 
6-in. pump, and the machinery space was open to the 
sea. In this condition she was refloated on the morning 


and 24 ft. aft before stranding. The two broken parts 
of the deck were brought together into slight conr res. 
sion, a planned, and she was towed inte the Prince of 
Wales Dock, Workington, where the salvage operation 
terminated. 

The Euthalia (3,553 tons gross; built 1918) which 
stranded on the morning of February 3, 1942, one hour 
after high water at the top of spring tides, half a mile 
north of Foulney Sear Buoy in the Barrow Channel, is 
another example. She was on a voyage from St. John 
N.B., with a cargo of 5,000 tons of wheat. At low 
water she broke her back and was fractured regularly 
across the deck at the fore end of the stokehold and 
down the ship’s sides to the bilge keel. The fracture 
in the deck erossed the stokehold bulkhead into the 
cross-banker. and similar irregularity charactorised the 
break down the ship’s sides, the fracture crossing the 
bulkhead from the stokehold into the cross-bunker, 
just below the main deck, and recrossing into the stoke. 
hold at a point about half the depth of the cross-bunker 
to the sea. She was exposed from 8.S.W. through W. 
to W.N.W., but therewas no restriction of working time 
such as oecurred in the case of the Towerfield ; ealvave 
proceeded continwously, exeept for interruptions caused 
by bad weather. The vessel was refloated and delivered 
into Barrow Docks on Mareh 5, 1942, by the method 
used in the cave of the Towerfield, but the following 
points may be of interest. 

The forward and after holds were gradually flooding 
through the bilge lines, and measures were at once taken 
to plug these sourees of leakage, the work being facili- 
tated by the vessel! being high and dry at low water. A 
portable steam-driven grain elevator of the bucket type 
was installed aboard the wreck, steam being supplied 
from coasters through flexible piping. When wet grain 
was reached, which clogged and did not flow to the 
buckets, relative fluidity was created by blowing eom- 
pressed air into the stowage. Wet grain also tends to 
clog salvage pumps, and therefore the pump strums 
were enclosed in wicker baskets, in Nos. 2 and 3 holds ; 
No. I hold was drained by starting a seam into the fore- 
peak. No. 4 hold was drained by opening a seam in the 
tunnel, and thence through the tunnel escape, after 
the tunnel door to the engine room had been closed. 
A final point of detail was that, after refloating, the 
vessel was to be taken into the Ramsden Dock at Bar- 
row, and in the course of making a 70-deg. starboard 
turn to enter the Ramsden Basin she would have the 
strong flood tide on the starboard beam. With one 
tug eff the starboard bow and the other off the star- 
board quarter, holding her up against this tide and 
producing a bending couple, she might shear across the 
buekled double bottom in way of the fractured deck 
and ship’s sides. As a safeguard, therefore, deep }-in. 
steel plating was fitted across the broken sheerstrakes 
and also across the broken stringer plates. As the 
salvage operations were planned so that, on refloating, 
the broken parts of the deck and ship’s sides would be 
brought together into slight compression, these tie 
plates were riveted at one end only while the vessel 
was aground. The other end was left free until she 
had refloated and brought the deck and ship’s sides 
into compression, when they were bolted up. 

(To be continued.) 





HIGH-CLEARANCE Crop-SPRAYING VEHICLE: ADDEN- 
puM.—In describing the high-clearance crop-spraying 
vehicle, on page 341, ante, we should have mentioned the 
fact that these vehicles were constructed for Messrs. 
Pest Control, Limited, of Harston, near Cambridge, who 
worked in close collaboration with the manufacturers, 
Messrs. County Commercial Cars Limited, Fleet, Hamp- 
shire. 





AIRORAFT-ENGINEERING FILMS.—Two interesting films 
dealing with the single-point fuel-injection pump deve- 
loped by Messrs. Rolls-Royce Limited, of Derby, and the 
8.U. Carburettor Company, Limited, Shirley, Birming- 
ham, have been produced by the Shell Film Unit with 
the assistance of B.O.A.C. and Messrs. Rolls-Royce 
Limited. The first film shows a general outline of the 
working principles of the pump and the subject is pre- 
sented very clearly, effective use having been made 
of models, animated diagrams and a partly sectioned 
pump. The second film, which is intended for the 
instruction of aircraft mechanics, deals solely with the 
tracing and correction of faults, and is of rather less 
general interest. It should, perhaps, be mentioned that 
the single-point fuel-injection pump replaces the car- 
burettor, the pump delivering a continuous spray of fuel 
to the supercharger intake and is not to be confused with 
the direct-injection fuel pump as applied to the com- 
pression-ignition oil-engine. The films have been made 
to help in the instruction of the maintenance staff of the 
Royal Air Force and the civil aviation companies, but 
as soon as conditions permit, it is intended to make the 
first film available for general use. The films are being 
distributed by the Shell Aviation Department, St. 
Helen’s-court, London, E.C.3, and will be available in 








of January 18, 1942, drawing 20 ft. 6 in. forward and 
22 ft. aft, in contrast with draughts of 23 ft. forward 





both the 35 mm. and the 16 mm. sizes. 
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WELDED STEEL TUBULAR 
BRIDGES. 


Ear.y in the war it was thought necessary to con- 
struct outposts in the sea, at some distance from the 
coast, from which men could observe and attack enemy 
aircraft approaching British ports. It would have 
been a costly and laborious task to build stable struc- 
tures in the open sea, and even had it been possible, the 
work would have been subjected to the unwelcome 
attentions of the enemy. A satisfactory and novel 
solution, however, was proposed by Mr. G. A. Maunsell, 
M.Inst.C.E., in 1940, who suggested that sea forts 
should be built in port, and completely assembled 
there. They were then to be towed on floats to their 
action stations and deposited on the sea bed, where they 
would be ready for action immediately. Thee pro- 
posals were accepted and numbers of forts were built. 

Each fort consisted of seven units 01 structures resting 
independently on the sea bed, their relative positions 
in plan being three in a line, and 105 ft. apart, and four 
equally spaced in a semi-circle of 75 ft. radius round 
one end of the line of three. It was necessary to con- 
nect the unit structures by light bridges, each capable 
of carrying thirty men, two water mains, electric cables, 
and other details. The number and spans of the 
bridges required for each fort were, therefore, two 
105 ft. long and four 75 ft. long. As the structures 
generally rested upon quicksands in deep water, they 
tended to move in relation to each other. The con- 
necting bridges had therefore to be designed with 
flexible connections to the structures, permitting move- 
ment in three dimensions. Messrs. Stewarts and 
Lloyds, Limited, have given us some particulars of these 
bridges, which afford an interesting example of the use 
of steel tubes in structural work. They were designed 
by Messrs. Tubewrights, Limited, Brook House, Upper 
Brook-street, London, W.1, and fabricated by Stewarts 
and Lloyds to the specification and requirements of 
Mr. Maunsell. 

Fig. 3, on page 396, illustrates a part of a bridge in 
position on a fort, and Fig. 4, on the same page, shows 
a bridge erected in the maker’s shops. It was con- 
sidered desirable to design three different sections, 
namely, an end section 22 ft. 6 in. long, a centre 
section 30 ft. long, and an intermediate section 15 ft. 
long. Thus the 105-ft. bridge consisted of a centre 
section, two intermediate sections and two end sec- 
tions; and the 75-ft. bridge consisted of a centre 
section and two end sections. In this way, the number 
of different sections could be kept down to three, 
and two jigs were designed which sufficed for the 
fabrication of any section. Figs. 1 and 2, on this page, 
illustrate an end section, the intermediate and centre 
sections being generally similar, except that they 
differed in length and were flanged at both ends for 
coupling to adjacent sections. The bridges consisted 
of two Warren-type trusses, each 6 ft. 9 in. high 
and set 4 ft. apart, connected at the bottom by cross 
bearers, which carried the footway, and at the top 
by wind-bracing members.. They were built entirely 
of steel tubes welded together, except for angle irons to 
support the wooden decking. The tubes forming the 
top and bottom booms were 4 in. outside diameter by 








No. 6 s.w.g., and the Warren-type bracing consisted of 
tubes 2j in. outs‘'de diameter by No. 7 s.w.g., 19% in. 
diameter by No. 7 s.w.g., and 1 } in. diameter by No. 8 
s.w.g. The bottom cross-bracing tubes were 4} in. dia- 
meter by No. 8 s.w.g., the top cross-bracing 14} in. by 
No. 9 s.w.g., and the top diagonal-bracing 1 in. by 
No. 10 s.w.g. The bridge was suspended at each end, 
and the suspension eye was carried on a cross tube, 6} in. 
outside diameter by i in. thick. Three handrails 
were fitted on the inside of each truss, the upper two 
being 3 in. in d'ameter to carry cables internally, and 
the lower one 1% in. d'ameter. Angle irons, 3 in. by 
3 in. by } in., were welded to the bottom cross-bracing 
to support the decking. 

The design of the sections and the method of fabricat- 
ing them in a jig were developed with the object of 
minimising the number of connections requiring fine 
tolerances. Accurate alignment was, therefore, re- 
stricted to the four main booms. Where one bridge 
section was joined to another, the shear load was taken 
by a tubular spigot welded in ide one tube and fitting 
in the continuing tube. The two tube ends were 
held together by four bolts passing through flanges 
on the tubes, each flange being set back slightly from 
the end of the tube. The compressive load was taken 
by the faced ends of the tubes butting against each 
other. Thus, to facilitate connecting one bridge 
section to another exact alignment of the four boom 
ends on one section to the four ends on the other 
was required. The ends of booms had, therefore, 
to be disposed accurately at the corners of a rectangle 
measuring 6 ft. 9 in. by 4 ft., and this accuracy de- 
pended on the jigs. The handrails were connected 
by sleeve joints, visible in Fig. 3; the end of each 
handrail was provided with a collar welded on, the 
ends of the rails were located so that on erection 
there was a gap of 6 in. between the ends of the rails 
of adjacent bridge sections, and this gap was then 
closed by a sleeve in two halves held together by six 
bolts passing through flanges on each half of the sleeve. 
The ends of the sleeves were flanged inwards to lap over 
the collars, and the inside edges of the ends of the tubu- 
lar rails were rounded to avoid damage to the cables. 
Compared with a screwed-union type of joint, which 
was tried first, this design permitted considerable 
latitude in the alignment of the handrails without 
sacrificing the reasonable degree of watertightness which 
was required. The bridge was suspended at each 
end on a 2-in. bolt, which fitted in a tube forming 
part of the bridge end-section. As the bracing mem- 
bers of the Warren truss were made of tubes of three 
different diameters, it was necessary to fit packing 
pieces between the handrails and the two smaller tubes 
at the points where they crossed. To facilitate the con- 
nection of the angle-iron decking-bearers when joining 
up bridge sections, the angle iron was stopped well back 
from the end of each section ; a make-up piece wasthen 
fitted on the site, and the joints made with fishplates. 
At the ends of the bridge it was necessary to have a 
drop of 10 in. in the decking, and the handrails were 
likewise lowered. 

The fabrication of the three types of sections was 
arranged to be as simple as possible by designing 
the pitch of all bracings, top, bottom, and sides, 


to be multiples of 3 ft. 9 in. The two jigs could, 
therefore, be used for any section. The first jig accom- 
modated the 4-ft. top or bottom part of a section, 
including two booms, cross- and wind-bracings; and 
the second jig, illustrated in F'g. 5, on page 396, held 
these while the Warren-type bracings were welded in 
position. The booms were made of tubes in one piece, 
except in the case of the 30-ft. centre section, in which 
it was necessary to weld two lengths together. These 
welded joints, however, were staggered in the four 

ms to avoid concentrating them in one transverse 
section. The booms, with flanges welded on, were 
placed in the first jig and located by a p'n ing 
through a flange bolt hole. The jg located the wom 
cross-members for welding by means of stops. The 
top diagonal bracings were pre-assembled, welded, and 
checked for dimensions and then welded into the 
booms; and in the case of both top and hottom 
booms, the jig was turned through 180 deg. to facilitate 
welding. Some difficulty was experienced initially, 
due to contraction during weld'ng. It was found that 
the bottom booms contracted in length about % in. 
more than the top booms, and th's was attributed to 
the effect of the 44-in. bottom cross-bracings fitted 
and welded on to the 4-in. booms. The top bracing, 
on the other hand, consisted only of tubes 1} in. 
and 14% in. outside diameters, welded on to 4-in. 
booms, and the shrinking effect was much smaller. 
Nevertheless, by making due allowance for these con- 
tractions, it was still possible to flange the booms 
before fabrication in the jigs, and to avoid subsequent 
machining. 

The final assembly was carried out in the second jig, 
which was des’ to rock 90 deg. to one s‘de or the 
other to facilitate down-hand welding. F'g. 5 shows 
this jig being turned to one side by an overhead crane, 
and illustrates the several devices for holding the 
booms and bracings during fabrication. The booms 
and bracings rested in the ends of short lengths of tube 
cut to receive them and forming part of the jig. On 
the upper part of the jig, the supports for the Warren- 
truss bracing tubes were made to hinge out of the way 
when the completed bridge section was to be removed 
from the jig, and they can be seen in various angular 
positions in Fig. 5. By flattening the end of a bracing 
tube to approximately 50 per cent. of its original 
diameter, it was easier to weld it to a boom, as the 
welding was mainly of the down-hand type. It was 
not, however, so rigid as shaping the end of the bracing 
to fit the boom would have been, but the latter method 
demands a higher degree of skill in welding. As the 
bottom booms were not connected by diagonal bracing, 
and were consequently weaker than the top booms, 
the Warren-truss bracings were shaped to fit them, 
whereas the ends were flattened at the joint with the 
top booms. The angle bearers were welded in after 
the bridge section had been removed from the jig. 
The sleeves for connecting the handrails, as previously 
mentioned, were made from tubes and then cut in half 
longitudinally. The tube was cut to length and both 
ends flanged over to suit the diameter of the handrail. 
The bolting flanges were located with a }-in. spacer 
between and welded outside only, the sleeve then being 
split and dressed. 

When the first bridge was completed, the deflections 
were checked by supporting it at each end on wooden 
blocks. They were found to be so small as to be 
difficult to observe or measure, and in service the 
br.dges proved rigid and equal to the requirements 
of the specification. All welding was carried out accord- 
ing to British Standard Specification No. 938, and the 
electrodes were to Class A. The welds were thoroughly 
descaled and examined before the sections were passed. 
No attempt was made to match sections before dis- 
patch, but due to the accuracy of the fabrication in 
the jigs, no difficulty was experienced during assembly 
at the fort site. 





Pic IRON AND STEEL PRODUCTION IN THE UNITED 
Kinepom.—Figures issued by the Ministry of Supply 
indicate that, during August, steel production in the 
United Kingdom was at the rate of 11,747,000 tons a 
year, compared with a rate of 9,465,000 tons in August, 
1945. In both years production was affected by holidays. 
The output of pig iron was at the rate of 7,558,000 tons 
a year, against an annual rate of 6,358,000 in August, 
1945. 





“ KYNAL ” WROUGHT ALUMINIUM ALLOYS.—We have 
received from Messrs. Imperial Chemical Industries, 
Limited, 42, Hertford-street, London, W.1, a copy of a 
pamphlet entitled “‘‘ Kynal’ and ‘ Kynalcore’ Alu- 
minium Alloys.” This publication classifies and sum- 
marises the physical properties of this range of wrought 
aluminium alloys, the published data being arranged in 
eight separate schedules to enable constructional 
engineers and designers to select alloys most suitable 
for their specific requirements. In addition, tabulated 
data of the physical properties of other metals and 





alloys are given for the purpose of comparison. 
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JIG-DRILLING AND MILLING MACHINE. 


MESSRS. SIGMA INSTRUMENT COMPANY, LIMITED, 








Fie. 1. 


PRECISION JIG-DRILLING AND 
MILLING MACHINE. 


Tue drilling and milling machine illustrated in Figs. 1 
and 2, on this page, has been designed by Messrs. Sigma 
Instrument Company, Limited. Spring-road, Letch- 
worth, Hertfordshire, for tool-room use, its construction 
being suitable for precision work involved in the manu- 
facture of dies, gauges, jigs, etc., which are usually 
small enough to be handled effectively on a bench-type 
machine. It is, therefore, inherently a machine suit- 
able for work in which a high degree of accuracy is 
required rather than a quantity production machine. 
Such work, in addition to precision requirements, occa- 
sionally demands a higher degree of flexibility than is 
provided by production machines and, in consequence, 
the machine described below is fitted with a circular 
rotary table mounted on a compound slide, and the 
tool head is made to swivel in the vertical plane. The 
capacity of the machine may be estimated from the 
following dimensions. The table is 8 in. in diameter, 
its centre is 8 in. from the face of the column, and the 
distance between the spindle nose and the table surface 
is adjustable between 2 in. and 54 in. The diameter 
of the axial hole through the spindle is 3 in., and the 
compound table has transverse and longitudinal move- 
ments of Sin. The tool head will swivel to 45 deg. on 
either side of the vertical centre line. The driving 
motor is of } horse-power. The various movements are 
all hand operated ; there is no power feed or power 
rapid motion. 

In order to provide a rapid means of setting up and 
operating, all the movements are provided with grad- 
uated scales. These will be evident in the illustrations 
in the case of the longitudinal and transverse traverses 
of the slides and the rotation of the table. There are 
similar scales for the spindle head, for both its vertical 
and swivelling movements. The slides are actuated 
by accurately-cut leadscrews working in adjustable 
bronze nuts. The leadscrews are operated by crank 
handles, the scales being graduated for rough setting 
and micrometer collars being provided to read to 
0-001 in. The table is rotated by worm wheel gear, 
the worm being actuated by a crank handle. The 
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scale on the periphery of the table is graduated in 
degrees, sub-divisions being obtained from a micro- 
meter collar on the worm spindle ; the collar reads to 
two minutes of are. The arrangements for the spindle- 
head traverse are the same as those for the slide move- 
ments, there being a scale and a micrometer collar 
reading to 0-001 in. The swivelling movement needs 
no comment other than to mention that the spindle head 
is locked in the vertical position by a parallel removable 
dowel pin. The cutter spindle is made from high-class 
steel, and is hardened and ground. Axial thrust is 
taken up by self-aligning ball bearings situated above 
and below the top journal bearing. The journal bear- 
ings are split in the axial direction and are finished 
conically on the outside to fit into matching cones in 
the housing. The axial position of the bearings, to give 
the correct degree of freedom to the spindle, is deter- 
mined by lock nuts, the conical adjustment keeping 
the spindle axis automatically in the central position. 
The bearings are of phosphor bronze. The spindle nose 
is arranged for collet mounting, a range of collets to 
suit individual requirements being available. The table 
is finished with a removable centre and three radiating 
T-slots. The slots are normally occupied by three 
clamps which are sufficiently rigid to hold down most 
of the work likely to be handled in the machine. 

As will be clear from the illustrations, the driving 
motor is attached to the back of the column; it is 
wound for three-phase, 50 cycle circuits. Transmission 
is by means of a circular-section belt running on grooved 
stepped pulleys. There are five spindle speeds, of 
350, 400, 560, 730, and 980 r.p.m., respectively. Since 
the spindle head has a vertical movement and a swivel- 
ling movement, adjustment of the driving belt is neces- 
sary. This is provided for by a pair of idler pulleys to 
lead the belt on and off the driving pulley and another 
pair free to slide on a shaft mounted in a yoke carried 
on the spindle head ; the latter pulleys adjust them- 
selves automatically to the position of the head. The 
position of the yoke to give the correct belt tension is 
controlled by a balance weight carried in the column. 
All the bearings, slides and other parts are lubricated by 
grease gun. The machine is manufactured to British 
Standard Institution tolerances and every part is inter- 
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changeable with the corresponding part of another 
machine. It will be evident that the use of the machine 
eliminates a large amount of preparation work, such 
as marking off, centre-punching, etc., and that in some 
instances a complicated part can be completely ma- 
chined on it without re-setting. Messrs. E. H. Jones 
(Machine Tools), Limited, Edgware-road, The Hyde. 
London, N.W.9, are the sole distributors. 





GENERATION OF ELEcTRIcITry.—The official returns 
rendered to the Electricity Commissioners show that 
3,105 million kWh of electricity were generated by the 
authorised undertakings in Great Britain during Septem- 
ber, 1946, compared with 2,707 million kWh during 
September, 1945, an increase of 398 million kWh, or 
14-7 percent. During the first nine months of 1946, the 
total electricity generated was 29,197 million kWh, 
compared with 26,966 million kWh during the corre- 
sponding period of 1945, representing an increase of 
2,231 million kWh, or 8-3 percent. The total quantities 
sent out were 2,929 million kWh during September, 1946, 
and 27,534 million kWh during the first nine months of 
the year. 


. 

THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLaAND.—At their meeting on October 8, the 
Institution of Engineers and Shipbuilders in Scotland 
made a number of awards in respect of papers read 
before the Institution during the 1945-46 session. A 
Gold Medal and an Institution Premium have been 
awarded to Mr. W. A. Andrews and Mr. J. H. A. Crockett 
for their paper, ‘“‘ Theory of Forging Hammers and their 
Foundations,” and the W. W. Marriner Premium has 
been awarded to Mr. H. H. Hagan, for his paper, ‘‘ Ship- 
yard Layout and Technique for Welded Construction.” 
An Institution Premium has also been awarded to Dr.- 
Ing. E. Orowan, for his paper on “‘ Notch-Brittleness and 
the Strength of Metals.”” The Council have awarded 
the Miller Prize to Mr. A. G. Hadjispyrou, for his paper 
entitled ‘‘ Photo-Elasticity as an Aid in Engineering 
Design Work,” which was read before the Association 





of Students fo the Institution. 
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SHIP “BALAENA.” 


MESSRS. HARLAND AND WOLFF, LIMITED, BELFAST. 














WHALE-OIL FACTORY SHIP 
** BALAENA.”’ 


NOTABLE progress has been made in the whale-oil in- 
dustry during the last 25 to 30 years, and this progress is 
exemplified in the whale-oil factory ship S.S. Balaena, 
which has recently been completed by Messrs. Harland 
and Wolff, Limited, Belfast, for Messrs. United Whalers, 
Limited, 4, St. Mary Axe, London, E.C.3. The ship is 
of particular interest in that it is believed to be the first 
merchant ship to carry aircraft for commercial use ; 
three amphibious flying-boats are provided on the 
Balaena and will be used for whale spotting and for 
reporting weather and ice conditions. Furthermore, a 
comprehensive navigational equipment includes two 
systems of radar, a desirable adjunct when navigating 
seas where icebergs are prevalent. Before describing 
the ship in detail, however, it may be useful to indicate 
the part played by the floating factory in the whaling 
industry. The days when whales were attacked with 
hand-flung harpoons from open boats are now over, 
the open boat having been replaced by the whaling 
steamer. These vessels, which are specially strengthened 
for navigation in ice-encumbered waters, are known as 
“catchers” and vary between 100 ft. and 160 ft. in 
length, each carrying a crew of from 14 to 16 officers 
and men. They are based on a parent or factory ship, 
the numbers varying according to the size of the parent 
ship, and each catcher is equipped with a harpoon gun, 
which fires an explosive harpoon. When the whale has 
been killed, it is hauled alongside the catcher and a 
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marked by buoys, and then set adrift while the hunt 
continues. When asatisfactory haul has been obtained, 
the whales are collected and towed to the parent ship. 
Originally, the whales were cut up and the blubber 
removed while the carcases were tied alongside the 
parent ship, a somewhat hazardous and uneconomical 
procedure. The latest method is to haul the carcase 
tail first up a slipway constructed in the stern of the 
vessel and deposit it on the deck, where it can be dealt 
with more expeditiously. The Balaena has been con- 
structed on these principles. A general view of the 
vessel is given in Fig. 1, on this page, while the view 
of the stern of the vessel, Fig. 2, shows the after end of 
the slipway and oneof the aircraft above referred to. 
The length between perpendiculars is 535 ft., and the 
moulded breadth and depth 74 ft. and 57 ft., respec- 
tively, the gross tonnage being approximately 15,000. 
The vessel is of the two-deck type, the space between 
the upper, or flensing, deck and the lower, or tank, 
deck being occupied by the factory plant and machi- 
nery. Immediately below the tank deck are the 
storage tanks for the whale-oil, and as a blue whale 
yields an average of 16 or 17 tons of oil, the tank 
space has to be large, the total capacity being about 
19,150 tons. It will be obvious that, for the efficient 
handling of the whale, the area of the flensing deck 
must be as large as possible. This has been achieved 
on the Balaena by placing the navigation bridge farther 
forward than is usually the case and by widening the 
ship above the waterline, a form of construction which 
results in the flensing deck being 321 ft. long by 77 ft. 





spear with a compressed air connection is driven into 
it. The carcase is then inflated so that it will float, 





wide. The ship is not widened along its whole length, 
however, but only between the boiler room forward bulk- 


head and the after-end of the forward super-structure. 

The whale carcases are handled on the flensing deck 
by nine 10-ton derricks, four 5-ton derricks, 16 steam 
winches, nine electric winches and 10 warping capstans. 
The whale is hauled up the slipway by two 40-ton 
winches, which, in order to obtain a direct pull, are 
housed in a superstructure bridging the flensing deck 
in the mid-ship position. This superstructure divides 
the flensing deck into two sections, the whale being 
skinned and the blubber removed on the section aft of 
the superstructure, and the carcase then being hauled 
on to the forward section, where it is cut up, four 
steam-driven saws being provided for cutting the bone. 
The pieces of blubber, meat and bone are lowered to 
the boilers situated in the factory space through small 
hatches in the flensing deck. The factory space, which, 
as previously mentioned, is between the flensing deck 
and the tank deck, is approximately 375 ft. long, 
77 ft. wide and 22 ft. high. A flat, or intermediate 
deck, 7 ft. above the tank deck, runs throughout the 
greater part of the factory, and the majority of the 
factory machinery is situated on this deck, the 7 ft. 
space beneath the flat being occupied by the factory 
driving units, service pipes, electric cables and access 
hatches to the bulk-storage tanks. 

The factory equipment consists of ten pressure- 
boilers for the treatment of blubber, 22 pressure boilers 
for the treatment of bone, eight Kvaerner-type rotating 
digesters, a liver-extraction plant, a meat-meal extrac- 
tion plant, and a separator plant. A conveyor belt, 
which rans almost the full length of the factory, feeds 
two elevators, one forward and one aft, thus facilitating 
the discharge of the finished products to ships alongside. 
A refrigerating plant, consisting of two electrically- 
driven horizontal high-speed CO, compressors with 
their ancillary condensers and evaporators, is installed 
on the port side of the vessel immediately forward of 
the factory space. This plant, which was manufactured 
by Messrs. J. and E. Hall, Limited, Dartford, Kent, 
is used for keeping the ship’s provisions fresh, and also 
for freezing the choicer portions of the whale-meat for 
human consumption. The method of freezing the meat 
is similar to that employed in the production of ice, 
the only difference being in the shape of the cans. 
Refrigerated chambers have been provided for the 
storage of the frozen meat. 

The main propelling machinery, which is situated 
aft, consists of two direct-acting triple-expansion 
reciprocating steam engines of the re-heat type, 
developing about 8,000 indicated horse-power. Super- 
heated steam, at a pressure of 220 lb. per square inch, 
is supplied by seven single-ended Scotch boilers fitted 
with combustion-chamber superheaters and equipped 
for burning oil-fuel under forced draught. The com- 
bustion gases are led to two funnels, which are located 
one on each side of the vessel, so as to leave a clear 
space for the slipway. Two 300-kW Diesel-driven 
electric-generating sets are provided to reduce the 
load on the boilers when the factory is in operation. 
The two Diesel generators work in conjunction with 
a 1,500-kW steam turbo-generator and there is a small 
stand-by steam-driven generating set developing 72 kW. 
Both the Diesel generators and the turbo-generator 
were supplied by Messrs. W. H. Allen, Sons and Com- 
pany, Limited, Bedford. The consumption of fresh 
water is high, as the factory has to be supplied in 
addition to the boilers, and three triple-effect evaporat- 
ing and distilling plants have been installed, the total 
output of fresh water from the three plants being in the 








neighbourhood of 750 tons a day. 

The three aircraft, which are standard naval 
“Walrus ” amphibious flying boats, are housed in a 
hangar built on the after end of the boat deck, as shown 
in Fig. 2. The aircraft are launched from a catapult 
located on the boat deck immediately aft of the hangar, 
and after landing on the sea, are recovered by a jib- 
crane, which also serves for hoisting the aircraft on to 
the cradle of the catapult. The catapult is of the 
standard naval pattern, modified by the original manu- 
facturers, Messrs. Brown Brothers and Company, 
Limited, Edinburgh, to allow the aircraft to 
launched either to the port or starboard. It is 
operated by the explosion of a cordite charge, the 
resulting pressure acting on a hydraulically-damped 
piston, the cradle of the catapult being connected to the 
piston by a system of steel ropes arranged to increase 
the velocity in the ratio of four to one. The catapult 
is capable of launching an 8,000-Ib. aircraft at a speed 
of 56 knots, and Fig. 2 shows one of the aircraft being 
lowered on to the cradle of the catapult by the jib 
crane. Aviation spirit for the aircraft is stored in 
steel drums, which are held in position by quick- 
release fastenings, so that, in the event of fire, they 
can easily be jettisoned. The drums can be seen in 
Fig. 2, immediately under the after end of the boat 
deck. 

The workshops on any whale-oil factory ship are 
more extensive than are usually provided on a merchant 
ship, as, in addition to the main engines and their 
auxiliaries, the factory machinery and the attendant 
catchers have to be serviced. The Balaena, which acts 
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as mother ship to a fleet of ten catchers, has three 
separate engineers’ workshops, one in the engine room, 
another on the flensing deck, and the third, for aircraft 
maintenance, alongside the hangar. In addition, there 
is an electricians’ workshop, a blacksmiths’ and a 
carpenters’ shop, while a well-equipped laboratory 
enables the quality of the whale-oil and the production 
methods to be examined during the actual processing. 

Generally, the Balaena well illustrates the scientific 
methods now being employed in the whaling industry, 
and we are indebted to the owners for having given us 
an opportunity to examine this interesting vessel. 





RELIABILITY OF ROLLS-ROYCE 
GAS TURBINES. 


ALTHOUGH the protagonists of the gas turbine for 
aitcraft propulsion include high speed, lightness and 
simplicity among its advantages in comparison with 
the reciprocating engine, and have given sufficient data 
to justify the general acceptance of the superiority of 
the former in these respects, little has been said to 
enable the prospective user, particularly the com- 
mercial operator, to form an accurate opinion regarding 
the degree of reliability to be expected from the new 
method of propul ion. As reliability in service is of 
primary importance in the operation of aircraft, 
especia'ly in civil flying, the announcement by Messrs. 
Rolls-Royce Limited, that one of their Derwent I jet 
engines has completed more than 1,000 hours of test 
running is of considerable interest and importance ; 
it is also, we believe, a record of a unique achievement. 

The unit concerned was constructed in June, 1944, 
and nas been run on the test beds for 1,005 hours, of 
which 920 hours was under full type-test conditions ; 
at the end of 500 hours’ running, the only replacements 
required were a set of flame tubes, an air casing, some 
turbine blades, and a fuel pump. The major parts of 
the engine, including the wheel cace and accessory 
drives, compressor impeller and shafts, compressor 
casing, diffuser, and the combustion chambers, have 
completed over 850 hours’ running and are still in use. 
The makers point out that the testing has been ex- 
tremely rigorous, as the engine has been ured for 
Modification Approval Tests under type-test conditions. 

As a result of the satisfactory examination of six 
Derwent I engines returned by the Royal Air Force 
after having completed 180 hours’ running, which was 
the official time between overhauls, the overhaul life 
has now been increa-ed to 270 hours, the condition of 
all six engines having shown that the service life 
between overhauls was much less exacting than a 
100 hours’ run under type-test conditions on the test 
bed. The present practice of the Air Ministry is to 
extend the period between overhauls, as experience 
is gained, in steps of 90 hours, and it is confidently 
expected that. as soon as the requisite number of engines 
have completed their periods of 270 hours’ running 
between overhauls, a further extension of 90 hours 
will be granted. A period of 360 hours’ running 
between overhauls is stated to be more than has been 
achieved by any other jet engine in service. Messrs. 
Rolls-Royce also state that they have now completed 
over 20,000 hours’ test running with their jet engines. 

Some information on the development of the firm’s 
gas turbines for aircraft propulsion will be found on 
pages 224 and 247, ante. 





Lyons INTERNATIONAL FarrR.—The next Lyons Fair 
will take place from April 12 to 21, 1947. This will 
constitute the second post-war Fair, the first having 
taken place last April, only nine months after the exhi- 
bition buildings had been de-requisitioned. The 1947 
Fair will be on a larger scale than any of its predecessors. 
There will be space for more than 5,000 exhibits in 
the four storeys of the Grand Palais, and the floor space 
of the large single-span building of the Hall de la 
Mécanique is being enlarged by 10,000 sq. ft. Allinquiries 
for information regarding the Fair should be addressed 
to Mr. Robert Brandon, Messrs. Clifford Martin, Limited, 
Piccadilly House, 33, Regent-street, London, S.W.1. 





LECTURES ON METALLURGY.—A special cours. of 12 
lectures will be held in the Department of Metallurgy of 
the Sir John Cass Technical Institute, Jewry-street, 
Aldgate, London, E.C.3, on Thursdays at 6.30 p.m., 
beginning on Thursday, October 31. The lectures 
will deal with such matters as distillation methods 
in extracting and refining metals, microseopy, surface 
structure, non-destructive testing, powder metallurgy, 
metals at stratospheric temperatures, magnesium, pro- 
blems of heat, cokes, and refractories. The lecturers 
will include Mr. S. Robson, Dr. C. H. Desch, F.R.S., 
Professor G. I. Finch, M.B.E., F.R.S., Dr. B. Chalmers, 
Dr. W. D. Jones, Major P. L. Teed, Professor C. W. 
Dannatt, Mr. A. J. Murphy, Dr. R. J. Sarjant and Dr. 
J. H. Chesters. The fee for the course is 20s., and 
application for enrolment should be made to the Principal 
prior to the opening date, if possible. 








INSTITUTION ELECTIONS. 


INSTITUTION OF MECHANICAL ENGINEERS. 


Associate Member.—Denis Wharmby Myers, Oldham, 
Lanes.; Dudley Holt New, B.Sc. (Eng.) (Lond.), 
London, S.W.1 ; Comdr. (E.) Wilfrid Mowbray Onyon, 
O.B.E., R.N., Greenock ; Joseph Wilde Palmer, Leeds ; 
Hari Ramchandra Pangu, B.Sc. Tech. (Manch.), 
Gwalior, India; John Edwin Parton, B.Sc., Ph.D. 
(B’ham), London, W.1 ; Joseph Albert Payne, London, 
E.C.4; Lt.Comdr. (E.) Edward Hilton Webster Platt, 
R.N., Bath ; James Reeman, B.Sc. (Leeds), Wembley, 
Middx.; Lancelot Rutherford, London, 8S.W.1; 
Sydney Herbert Stevenson, Bishops Cleeve, Cheltenham, 
Glos. ; Dermot John Swanton, B.E. (Ireland), Dublin, 
Eire; William Watt, Christchurch, N.Z.; Wing Hon 
Wei, M.Sc. (Hong Kong), Shanghai, China; John 
Harold Youngman, Avonmouth, Bristol. 

Associate to Associate Member.—George Ross John- 
stone, Huddersfield ; Ronald Francis McMahon, B.Sc. 
(Eng.) (Lond.), Manchester; Henry Kenneth Rogers, 
Belfast ; Major Henry William White, R.E., B.A.O.R. 

Graduate to Associate Member.—Lieut. (E.) John 
Stewart Anderson, M.B.E., B.Sc. (Eng.) (Lond.), 
R.N., Northampton; Edward Frederick Barber, 
Sevenoaks, Kent; Prithvi Raj Batra, Calcutta; 
William Brown, Coatbridge; James Arthur Buckley, 
London ; Walter Michael Douglas Carey, M.A. (Can- 
tab.), Bristol; Richard Arthur Clark, B.Sc. (B’ham), 
Stafford; Major John Will'am Cox, B.Sc. (Eng.) 
(Lond.), R.E.M.E., London; Cl fford Douglas Drans- 
field, London ; Romanus Ecker, B.Sc. (Eng.) (Lond.), 
Rugby ; Richard Furryan Fisher, B.Sc. (Eng.) (Lond.), 
London; George Foster, Mddlesbrough; Ronald 
Alan Goldney, Rughy; Richard Godfrey Greenwood, 
Wolverhampton; Fit.-Lieut. Harold John Hart, 
R.A.F., London; Joseph Anthony Henson, London ; 
Frederick George James, B.E. (W. Austral'a), Mel- 
bourne; Khaja Mohammad Izzatullah Khan, B.Sc. 
(Manch.), Hyderabad ; Cyril Will'am Lawson, M.Sc. 
(Eng.) (Lond.), London; Llewellyn Lloyd-Davies, 
Bristol; Eric Arthur Lowe, Sheffield; John Beck 
Low's, Harrogate; Captain Randolph Mercer, B.Sc. 
(Eng.) (Lond.), R.E.M.E., M.E.F.; Thomas Stanley 
Millen, B.Sc. (B’fast), Manchester; Antoni Kazimierz 
Oppenheim, London; Owen Jerman Parry, Bristol ; 
Lloyd Dean Partridge, West Drayton ; Luctor Roode, 
Carol'na, S. Africa; John Wilfred Sibbald, Wallsend- 
on-Tyne; John Smith, Stockport; Francis Will'am 
Staveley, York; Leonard Voisey Stone, Salisbury, 
Rhodesia ; John Torrance, St. Helens; Lieut.-Comdr. 
(E.) Wilfrid Edgar Christopher Veale, R.N., Fransham ; 
John Pugh Vipond, Manchester; Tom Wrightson, 
Billingham, Co. Durham. 








BOOKS RECEIVED. 


Ministry of Fuel and Power. Safety in Mines Research 
Board. Paper No. 104. Intrinsic Safety of Electrical 
Apparatus. The Minimum Igniting Current in Relation 
to Circuit Constants. By G. ALLSOP, E. M. GuBNAULT 
and A. D. I. Nicot. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 6d. net.] 

Hydraulic Measurements. A Manual for Engineers. 
By PROFESSOR HERBERT ADDISON. Second edition, 
revised and enlarged. Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
21s. net.) 

Engineering Mechanics. By PROFESSOR SEIBERT FAIR- 
MAN and PROFESSOR CHESTER S. CUTSHALL. Second 
edition. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 3 dols.} 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 18s. net.) 

Annual Report (Technical) of the Central Board of Irriga- 
tion, India, for 1944. Edited by A. R. THomas, 
Secretary. Offices of the Board, Simla, India. 

Monographs on the Progress of Research in Holland 
During the War. Recent Groundwater Investigations 
in the Netherlands. By W. F..J. M. Kru and F. A. 
LIEFRINCK. Elsevier Publishing Company, Inc., 
118, Spuistraat, Amsterdam-C, Holland. [Price 7s. 6d.) 

Nigeria. Annual Report of the Public Works Department 
for the Financial Year 1944-1945. The Government 
Printer, Lagos, Nigeria ; and the Crown Agents for the 
Colonies, 4, Millbank, Westminster, London, S.W.1. 
[Price 1s. 6d.] 

United States Bureau of Mines. Technical Paper No. 678. 
Design of Injectors for Low-Pressure Air Flow. By 
G. E. McELRoy. Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C., 
U.S.A. [Price 10 cents.] 

The Contractor’s Legal Problems. By NorRIs,L. HAYWARD. 
McGraw-Hill Book Company, Incorporated, 330, 
West 42nd-street, New York 18, U.S.A. [Price 2-50 
dols.] McGraw-Hill Publishing Company, Limited, 
Aldwych House, Aldwych, London, W.C.2. [Price 

128. 6d.] 








CT. 25, 1946. 


PERSONAL. 


MAJOR-GENERAL SiR NOEL HOLMES, a former Director 
of Movements, War Office, has been made chairman of 
the North-Eastern Divisional Board, National Coal 
Board. The other members are MR. C. W. Puimups 
deputy chairman; Mr. H. Hart, finance director: 
Mr. J. HUNTER, production director; Mr. Tom Sara, 
M.P., labour director; and Mr. C. E. WALEs, marketing 
director. For the time being, the address of the Boarg 
will be the Regional Office of the Ministry of Fuel ang 
Power, Century House, Leeds. 

Sm Bruce G. WHITE, M.Inst.C.E., M.I.Mech.§,, 
M.I.E.E., has relinquished his directorship of the B.E.T. 
Electricity Supply Company, Limited. Mr. R. W. Bircg 
has been elected to fill the vacancy thus caused. 

Mr. ALLAN STEVENSON, C.B.E., a director of Messrs, 
David Rowan and Company, Limited, Glasgow, has 
been re-elected chairman of the National Association 
of Marine Enginebuilders for 1946-47. Mr. H. &. 
SHEARDOWN, chairman of Messrs. Charles D. Holmes 
and Company, Limited, Hull, has been re-elected yvice- 
chairman. 

Dr. L. H. Lampirr, F.R.I1.C., has been elected Presj- 
dent, and Drs. R. T. CoLgaTEe and L. A. Jornpan, 
A.R.C.Sc., D.1.C., F.R.1.C., vice-presidents, of the Society 
of Chemical Industry. 

Mr. R. B. HeEywoop, B.Sc. (Eng.), A.C.G.I., 
A.M.1.Mech.E., until recently with Messrs. Rolls-Royce 
Limited, is now a consultant on photo-elastic and stress 
problems. His address is 37, Bass-street, Derby. 

Mr. H. H. HaG@an, M.I.N.A., has been appointed to 
the board of Messrs. Lobnitz and Company, Limited, 
shipbuilders and dredger builders, Renfrew. 

Dr. JacoB BAKKER, mining engineer of the Nether- 
lands State Coal Mines, has joined the National Coal 
Board, Lansdowne House, Berkeley-square, London, 
W.1, as adviser to the chief mining engineer. 

Mr. J. McKILuop, M.I.Chem.E., divisiona! director of 
1.C.1. (Dyestuffs), Limited, has retired. 

Dr. E. TABERNER, M.Sc. (Manch.), F.R.I.C., 
M.1I.Chem.E., has been elected President of the South 
African Chemical Institute. 

Mr. W. E. GELSON, M.Sc. (Eng.) (Lond.), M.Inst.C.E., 
M.1.Mech.E., is now Deputy Chief Controller of Stan- 
dardisation (Research), of the Railway Board, New 
Delhi, India. 

Dr. D. M. W1tson has left I1.C.1. (Explosives), Limited, 
to become lecturer in chemical engineering in the Univer- 
sity of Birmingham. 

Mr. S. O. Hicks, O.B.E., M.I.Mech.E., has recently 
been appointed to the board of directors of Messrs. 
Davidson and Company, Limited, Belfast. 

Mr. W. I. HopGKins, manager of the Leicester sub- 
branch of the General Electric Company, Limited, has 
retired and has been succeeded by Mr. R. H. PHILLIPs. 
Other retirements are those of Mr. SYDNEY ALLEN, who 
has been in charge of the traction section of the contract 
department at the company’s Witton Works, Birming- 
ham, for 24 years, and of Mr. P. F. HARRIS, who has been 
in charge of switchgear “liaison ” at the Witton Works 
since 1929. 

Mr. S. C. LAMBERT has been appointed full-time 
secretary to the Bristol Engineering Manufacturers 
Association. His address is 76, Stokes Croft, Bristol, 1 
(Telephone: 25930). Mr. J. E. Evans is resigning from 
the honorary general secretaryship of the Association on 
being made a director of his firm, the Ray Engineering 
Company, Limited, Bristol. 





GENERATING STATION IN SOUTH WALES.—In reply toa 
question in the House of Commons on Tuesday, Octo- 
ber 22, the Minister of Town and Country Planning (the 
Rt. Hon. L. Silkin) said that, after considering the report 
of the local inquiry into a proposal to erect a generating 
station at Llanover, in the Usk Valley, he had come 
to the conclusion that the site would be open to serious 
planning objections. The Electricity Commissiovers had 
aotified the South Wales Power Company accordingly, 
and had suggested thet the company, in consultation 
with the Central Electricity Board, should endeavour to 
find a suitable site in some other locality. 





WEST HARTLEPOOL TECHNICAL COLLEGE.—The pros- 
pectus of the Technical College, West Hartlepool, contains 
particulars of the part-time day and evening courses 
open to apprentice marine, mechanical and electrical 
engineers, apprentices engaged in the building trade, and 
employees in the chemical and allied industries. Can- 
didates are prepared for the Ordinary and Higher 
National Certificates in Mechanical Engineering, the 
Matriculation and Intermediate B.Sc. degree of London 
University, and National Certificates in Electrical 
Engineering, Naval Architecture, Building and Com- 
merce. Time tables and other particulars of the courses 
are given and a list of the scholarships and prizes available 
to intending students are included. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel.—Supplies continued last week at a level 
comparing favourably with the preceding week, owing 
to the re-lighting of four melting furnaces at Dalzell 
Works, Motherwell. With six furnaces working, Dalzell 
was, of course, only producing 50 per cent. of ite normal, 
so that the general position arising from the bricklayers’ 
strike is still seriously compromised, and deliveries 
to consumers have had to be reduced. There has been 
no break in the activities of the shipyards, engineering 
establishments, etc., though a slowing-down in work 
has become inevitable in some cases owing to the waiting 
period pending the arrival of supplies of plates, sections, 
pars, etc. Plate orders in hand now represent six months 
full production at the works ; sections and bars are rather 
better, but the general position is precarious. The short- 
age of dolomite is a problem causing Scottish steelmakers 
concern, and is believed to be due partly, if not primarily, 
to transport delays and difficulties. Dolomite is the 
most scarce of all the raw materials used in steelmaking. 
The outstanding feature of the Scottish stee] supply 
position is the remarkable extent to which managements 
have succeeded in overcoming the serious effects of the 
pricklayers’ strike. Improvisation of a skeleton force 
to carry out a proportion of the most urgent furnace- 
repair programme, transportation of supplies from 
sourees not affected by the strike, and the careful use 
of a rapidly disappearing stock of cold ingots, are three 
of the measures adopted to obviate a collapse in deliveries, 
which would result in unemployment on a large scale. 

Scottish Coal.—The supply position is relatively stable ; 
the demand has increased generally owing to the colder 
weather. The Control also is increasingly anxious to 
see an improvement in the stocks held by the public 
utilities, especially electric power stations, but, so far, 
the collicries have discharged all the obligations imposed 
by the Ministry and the regional control machinery 
without outting off industrial supplies appreciably. 
Industry is carrying only about three weeks’ stock, and 
as industrial fuel is not to be given a first priority, the 
reserve is considered to be dangerously low. When 
winter demands increase, industry is not likely to be able 
to procure more than three-quarters of its fuel require- 
ments, according to usually well-informed sources, and 
it is in connection with this circumstance that existing 
stock figures should be studied. The maintenance of 
coal for iadustrial uses, involving as it does the gnarantce 
of employment for the whole community—is the upper- 
most thought in circles responsible for the servicing 
programme. The output of coal is not rising appreciably 
here, and budgeting has to be carried out on the assump- 
tion that no greater tonnage than is at present coming 
from the collieries can be anticipated. 





NOTES FROM THE SOUTH-WEST. 
CarRpiFF, Wednesday. 

The Welsh Coal Trade.—A seam of good quality coal 
5 ft. thick has been discovered at the Ffaldau Colliery, 
Pontycymmier, in the Garw Valley, and has been traced 
geologically to the Maesteg Valley. The discovery was 
made as @ result of borings at .the colliery, and it is 
expected that the seam will yield about 10,000,000 tons 
to this concern alone. The seam was found about 100 ft. 
below the lowest existing seam. A shaft has been bored 
which has proved the excellence of the coal. The Colliery 
was undergoing modernisation which was expected to be 
completed’ next year. Production from the new seam 
will begin next January. Up to November, 1945, the 
peak employment at the colliery was 600 men, producing 
about 450 tons a day. Asa result of the latest develop- 
ment it is expected that this will increase to 1,250 men 
with an output of 2,500 tors a day. Operations on the 
steam-coal market during the past week have bcen 
hampered by the shortage of available supplies. Heavy 
deliveries have been made to the large-scale users, such 
as the railways and the public-utilities, who hold large 
contracts for some months to come. In addition, there 
is a large trade for industrial users and the domestic 
demand shows a seasonal expansion. Consequently 
little export trade is possible, with no indication of any 
early improvement. A good overseas trade is offering, 
but practically the only coals being released are some of 
the poorest sorts for delivery to Eire, while some coke 
breeze was made available for Derimark and Switzerland. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the condition of the tin-plate industry 
was unchanged. Although the returns for the nine 
months ending September 30 show an increase in produc- 
tion of 12 per cent. over that for the corresponding period 
of last year, the current output is not sufficient to meet 
the demand. In the export market, a strong demand is 
maintained and as increased supplies become available 
more busi will be tr ted. Steel sheets are sought 
after and the demand is much in excess of the output. 
Iron and steel ecrap remains quiet. 











NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Iron and Sleel.—The shortage of steel supplies is 
hampering production in several steel-consuming indus- 
tries, particularly in those using high-carbon steel sheets 
and bars. It is urged that steelmakers should concen- 
trate more on high-carbon instead of low-carbon steels ; 
the proposed restriction upon steel exports may help 
to solve the problem. Further progress is being made 
with the re-organisation and re-equipment of iron and 
steel foundries ; a high degree of mechanisation is being 
carried out in an effort to offset the shortage of labour. 
Washing and bathing facilities for foundry employees, 
and the provision of additional lockers so that they may 
change their clothes before going home are among the 
amenities now being provided. Many more skilled and 
unskilled workers are needed; training facilities are 
provided at rolling mills and forges for those willing to 
undertake work in them. In view of the heavy demand 
in virtually all departments of the Sheffield industry, 
it is pointed out that additional shifts and more overtime 
working would step up production by something like 
20 to 25 per cent. 


South Yorkshire Coal Trade.—Some collieries are 
exceeding their target outputs, and there is some general 
improvement in production; demands, however, are 
greater, as also is consumption. About a week’s supply 
of coal is held in reserve by industrial users, this being 
about a third of the volume of reserves a year ago. 
Outcrop coal production is again at a high level consequent 
upon improvement in the weather. Much more coking 
coal is needed if full heats at local coke-works are to be 
maintained. 





.NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Conditions in the North of England 
iron and allied trades are not conducive to extensive 
market transactions. Some slight improvement in 
deliveries can be reported, but makers of most commo- 
dities have embarrassingly heavy orders on hand and 
are disinclined to add their commitments. Buyers 
are still anxious to put through new business, but their 
efforts to purchase, even for delivery over periods con- 
siderably ahead, meet with little success. The pressure 
for maximum supplies under running contracts is intense, 
but there is still considerable delay in delivering outputs 
to customers. The heavy priority claims for commo- 
dities for urgent home requirements absorb so much 
tonnage that only moderate quantities of material can 
be spared for export. The fuel situation still occasions 
grave concern, and larger supplies of local ironstone 
would be welcome, but imports of overseas ores are coming 
to hand steadily. The demand for all classes of steel is 
still much in excess of the supply, as has been the case 
for some months. 

Foundry and Basic Iron.—The local make of high- 
phosphorus pig iron is intermittent and small, and 
supplies reaching North East Coast foundries from other 
producing areas barely cover essential current needs. 
Makers of light castings have substantial contracts to 
execute and continue to press for larger deliveries of 
foundry pig. Outputs from the basic blast-furnace’ are 
passing into use directly at the makers’ steel-producing 
plants. 

Hematite, Low-Phosphorus and Refined Iron.—Mer- 
chants are still unable to obtain permits to deal with 
extensive inquiries for East Coast hematite from abroad, 
but makers are understood to have moderate stocks and 
are maintaining sufficient deliveries to home consumers 
to cover requirements. The increasing demand for 
low- and medium-phosphorus grades of iron is likely to 
exceed the productive capacity, in the very near future. 
Refined-iron manufacturers are handling orders satis- 
factorily. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron are in increasing demand and works are 
turning out substantial parcels; users of most descrip- 
tions of material are receiving adequate deliveries. 
Complaints are still being made of the shortage of semi- 
finished steel. Larger productions, or substantial 
imports, particularly of sheet bars and billets, are urgently 
needed to meet the heavy requirements of the re-rolling 
mills. Sheet makers are unable to keep pace with the 
home customers’ requirements, notwithstanding the 
severe restriction in the release of tonnage for overseas 
destinations. There appears to be little possibility of 
an increase in the output. Plate producers are sold 
to an extent that prohibits the acceptance of orders for 
supply earlier than the second quarter of next year. 
Manufacturers of railway requisites have full order books, 
and makers of pit props and other colliery equipment are 
busily employed. 

Scrap.—Imports of iron and steel scrap are extensive 
and increasing, and large quantities are promptly taken 
up for use at foundries and furnaces. 





NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
colamn shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 

INSTITUTE OF BRITISH FOUNDRYMEN.—East Midlands 
Branch: Saturday, October 26, 6 p.m., Technical College, 
Leicester. ‘“‘ Sandstorm Secrets,” by Mr. J. Blake- 
borough. Falkirk Section; Saturday, October 26, 6 p.m., 
Temperance Café, Lint Riggs, Falkirk. ‘“‘ Mechanised 
Jobbing Steel Foundries,” by Mr. D. Brown. London 
Branch: Wednesday, October 30, 7.30 p.m., Gaumont 
British Picture Corporation, Wardour-street, W.1. Film : 
“ High Quality Steel.” Wales and Monmouth Branch: 
Saturday, November 2, 6.30 p.m., South Wales Engineers’ 
Institute, Cardiff. ‘“‘ Technical Records in the Iron 
Foundry,” by Mr. R. D. Lawrie. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Radio Group: Monday, October 28, 6 p.m., James 
Watt Institute, Birmingham. Chairman’s Address, by 
Mr. J. Aspin. North-Eastern Centre: Monday, October 
28, 6.15 p.m., Neville Hall, Newcastle-upon-Tyne. “‘ Ex- 
tinction of Arcs in Air-Blast Circuit Breakers,” by Mr. A. 
Allan and Mr. D. F. Amer. North-Western Centre: 
Tuesday, October 29, 6 p.m., Engineers’ Club, Manchester. 
“Rural Electrification: the Single-Phase System of 
Supply,” by Mr. J. 8. Pickles and Mr. W. H. Wills. 
Radio Section: Wednesday, October 30, 5.30 p.m., 
Victoria-embankment, W.C.2. Symposium of papers on 
“ Direction Finding.” Sheffield Centre: Wednesday, 
October 30, 7.30 p.m., Victoria Hall, Sheffield. The 
1945/46 Faraday Lecture on “ Atoms, Electrons and 
Engineers,” by Dr. T. E. Allibore. 

NOTTINGHAM SOCIETY OF ENGINEERS and DERBY 
SOCIETY OF ENGINBERS:—Monday, October 28, 6.30 p.m., 
Gas Showrooms, Parliament-street, Nottingham. “‘ Water- 
loo Bridge,”” by Mr. R. P. Mears. 

INSTITUTION OF MECHANICAL ENGINEERS.—Lendon 
Graduates’ Section: Monday, October 28, 6.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. “ Pressurization 
of Aircraft Cabins,” by Mr. A. Rodgers. Midland 
Branch: Tuesday, October 29, 5.45 p.m., James Watt 
Memorial Institute, Birmingham. ‘‘ Early Development 
of the Axial Type of Gas Turbine Engine,” by Mr. Hayne 
Constant. Midland Graduates’ Section: Saturday, 
November 2, 6.15 p.m., County Technical College, 
Stafford. ‘‘ Hardness Testing,” by Mr. R. D. Wright. 

INSTITUTION OF CIVIL ENGINEERS.—Railway Engineer- 
ing Division: Tuesday, October 29, 5.30 p.m., Great 
George-street, S.W.1. “‘ Tunnel Maintenance,” by Mr. 
H. E. Robarts. 

INSTITUTE OF FUEL.—North-Western Section: Tues- 
day, October 29, 6.30 p.m., Radiant House, Bold-street, 
Liverpool. Discussion on “ Pressure Hot Water for Heat 
Transmission.”’ 

RoyYAL UNITED SERVICE INSTITUTION.—Wednesday, 
October 30, 3 p.m., Whitehall, S.W.1. ‘‘ The Victory in 
the Pacific,”’ by Admiral R. A. Spruance, U.S.N. 

INSTITUTE OF WELDING.—Wednesday, October 30, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘“‘ Welded Dragline Beoms of 150-Feet 
Length,” by Dr. H. Gottfeldt. 

INSTITUTE OF INDUSTRIAL ADMINISTRATION.—London 
Centre: Wednesday, October 30, 7 p.m., Waldorf Hotel, 
Aldwych, W.C.2. “The Changing Environment of 
Management,” by Mr. Harold Whitehead. 

Royal AERONAUTICAL SocreTy.—Thursday, October 
31, 6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘“ Aero-elastic Problems at High Speed,” 
by Professor A. R. Collar. 

ROYAL STATISTICAL SocieTy.—Sheffield Industrial Ap- 
plications Group: Thursday, October 31, 6.30 p.m., The 
University, St. George’s-square, Sheffield. ‘‘ Control of 
Coke Quality by the Shatter Test,” by Mr. J. Bradwell. 

NorTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 1, 6 p.m., Literary 
and Philosophical Society’s Rooms, Newcastle-upon- 
Tyne. ‘“‘ Standard Cargo Liners,”’ by Mr. W. T. Butter- 
wick and Mr. W. McArthur Morison. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 1, 6.30 p.m., 39, Victoria-street, S.W.1. Discussion 
on “‘ High-Temperature Insulation,” to be opened by Mr. 
R. L. Ballard. Western Group: Friday, November 1, 
7.30 p.m., Merchant Venturers’ Technical College, Bristol. 
** Geology in Engineering,” by Mr. F. L. Daniels. North- 
Western Section: Saturday, November 2, 2.30 p.m., 16, 
St. Mary’s Parsonage, Manchester. “‘ Stainless Steel for 
Engineering,” by Mr. C. H. Faris. 

SocreTy OF CHEMICAL INDUSTRY.— Manchester Section : 
Friday, November 1, 6.30 p.m., College of Technology, 
Manchester. ‘‘ New Financial Facilities for Industry,” 
by Lord Piercy. 

LONDON ASSOCIATION 





OF ENGINEERS.—Saturday, 


November 2, 6.30 p.m., Charing Cross Hotel, W.C.2. 
“‘ Mining, Refining and Fabrication of Copper,” by Mr. 
E. Carr. 
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Fie. 3. Fort STRUCTURE AND BRIDGE. 


THE FAIREY “ FIREFLY ”’ 
HIGH-SPEED TRAINER. 


Dvr to the greatly increased flying speeds resulting 
from the introduction of new engines, a wide disparity 
has developed between the speed of modern combat 
aircraft and that of the fastest trainers, which were 
formerly considered satisfactory for their purpose. 
To obviate this, and to facilitate numerous aspects 
of squadron tactical training, the Fairey Aviation 
Company, Limited, Hayes, Middlesex, have produced | 
a new high-speed trainer, which is known as the| 
Firefly Trainer, and is a modification of the Fairey 
Firefly fighter-reconnaissance aircraft, as described 
and illustrated in ENGINEERING, vol. 161, page 583, 
1946. This aircraft saw considerable wartime service 
with the carriers of the Royal Navy in operations 
extending from Norway to Japan. The new trainer 
provides the means for assessing the flying ability of 
newly-joined pilots, and also overcomes the transi- 
tional difficulties of those pilots who are unaccustomed 
to controlling powerful engines at flying speeds more 
than 200 m.p.h. faster than they experienced with the 
types of aircraft in use during their initial training. 

As the main requirement was that of tactical 
training for combat duty, the Firefly Trainer is not 
intended primarily for instruction in deck landing at 
sea, but it may well be used for such training on 
aerodromes equipped for the purpose, and the aircraft 
is therefore suitable for the Navy or the Royal Air 
Foree. Though substantially of the same design as the 
fighter aircraft, the main new feature in the Firefly 
Trainer is the provision of a rear seat, and duplicate 
controls for a second pilot, in the cockpit formerly 
oceupied by the observer. Being normally for the use 
of an instructor, this seat is raised about 12 in. higher 
than the front seat, thus giving the instructor a clear 
view over the front pilot when taking-off and landing. 
The Firefly trainer has made successful flights at Ring- 
way and Heston aerodromes, and with a maximum 
speed of 305 m.p.h., it es, in common with the 
Mk. I and Mk. IV combat aircraft, the characteristics of 
a wide range of speed and great manosuvrability with 
a quick take-off and short landing run. These latter 
qualities are imparted by the Youngman-type flaps, 
which extend from the centre line of the aircraft to 
the ailerons, and are hydraulically operated by a 
lever in the pilot’s cockpit. Marked positioris of the 





lever indicate the setting of the flaps for take-off, c1uis- 
ing and landing, and by a fourth operation, the flaps 
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can be completely retracted to give an unbroken under- 
surface to the wing. When set in the cruising position, 
the flaps increase manceuvrability and thus assist in 
making steep or close turns, and when lowered, they 
enable the aircraft to fly at an exceptionally low 
speed, which feature was demonstrated at the recent 
flying display at Radlett Aerodrome, to which we 
referred on page 283, ante. The power unit is a Rolls- 
Royce Griffon XII liquid-cooled, 12-cylinder engine 
driving a Rotol three-bladed airscrew, and the all-up 





weight of the aircraft is 12,000 lb. Taking-off in a 
27-knot head-wind, the machine leaves the ground in a 
distance of 350 ft. and climbs to a height of 10,000 ft. in 
5 minutes 45 seconds. The service ceiling is given as 
28,000 ft., and the range, at 5,000 ft., with 192 gallons of 
fuel, as 805 miles. Experienced pilots regard the 
trainer as a valuable adjunct to tactical training and 
recognise that it helps to solve the problems which con- 
front a pilot when first passing from low- to high-speed 
flying. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMr.e Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £218 6 
Thick paper copies ............ 3 0 
For all other places abroad— 
Thin paper copies ................ 3 3 0 
Thick paper copies ........ £3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address, 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The ietors will not hold themselves responsible 


for advertisers’ blocks left in their possession for more 
than two years. 
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RESEARCH INTO COAL 
CARBONISATION. 


WIrHIN the past 20 years, many presidents of the 
Coke Oven Managers’ Association have placed 
research high on the list of urgent needs of the 
industry. It must not be inferred from this that no 
research has been undertaken; what is known as 
‘organised research’? has been in progress for 
many years at Sheffield, Newcastle and Glasgow, 
largely under the auspices of the steel industry. 
Private individuals also have conducted researches, 
many of which have been of high value and con- 
structional firms, in whose hands lies the design 
of plant, have long been pre-eminent in research 
into what may be termed the chemical engineering 
of coking. In the light of what has been done over 
this period, it may well be asked in what direction 
research should now be undertaken. One answer 
is that major advances in coal utilisation are likely 
to arise from organised research on a considerable 
scale; modern industry is built on research and 
the coking industry should not neglect this weapon. 
That is a valid argument, but it has been rendered 
ineffective by the slowness of the colliery industry 
to take proper advantage of research. Hydrogena- 
tion was not developed by the coal industry. No 
Fischer-Tropsch plant has been built in this country, 
though the Germans were quite willing to build one 
in Britain before the war. The coal industry has 
shown little desire to make use of the newer processes 
for the chemical development of coal processing, or 
to expand into the field of chemical manufacture. 
Consequently, no organised research worthy of the 
name has yet been undertaken in by-product 
coking, although a British Coke Research Associa- 
tion has been set up. 

The real interest in coking has come from the 
iron and steel industry ; but users of coke are in- 
terested primarily in the quality of the coke they 
purchase. The organised research conducted through 
the Coke Research Committees has been always 
devoted primarily to improvements in coke quality 
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by the selection of coals, wen eet or by. dis- 
covering what treatment best suits certain coals. 
The results of researches of this character have been 
7| published in two well-known volumes, Coke for 
Blast Furnaces and The Quality of Coke, by Dr. 
R. A. Mott and the later Professor R. V. Wheeler. 
Without denying the value of the painstaking work 
done by the Midland Coke Research Association, 
and on the X-ray examination of coke at Newcastle, 
the fact remains that such researches are directed 
only to the improvement of a product, and do not 
lead to the expansion of the industry. 

A few years before the outbreak of war, in pursu- 
ance of the demand for research into by-product 
coking, the Fuel Research Board were drawn into 
the net. In 1937 or 1938, there was set up a “‘ Coke 
Ovens Committee of the Fuel Research Board,” 
under whose guidance an investigation was started. 
The constitution of this committee for the direction 
of research was curious in the extreme. As set up 
in 1938, it comprised four representatives of the Fuel 
Research Board, only one of whom had any experi- 
ence of by-product coke ovens, and five of the Iron 
and Steel Industrial Research Council (Coke Co- 
ordinating Committee), who (with, perhaps, one 
exception) were almost equally devoid of research 
on on by-product coke ovens. The late 

Dr. F. S. Sinnatt, then chairman of the Coke Co- 
Ordinating Committee, was also a member. The 
result of their labours, so far as the war allowed them 
to be pursued, has lately been published.* 

These were preliminary experiments upon the 
effect of type of oven upon the properties of the 
coke. Their conception appears to have been 
unfortunate in that they were unlikely to lead to 
any conclusion not already known. The method was 
to select six coals, to prepare a bulk sample of some 
250 tons from each, and to carbonise three whole 
charges of each coal at each of six coking plants and 
in the intermittent vertical reports at the Fuel 
Research Station. The outbreak of war caused the 
programme to be restricted to three coals, but each 
of these was put through the full treatment. The 
ovens chosen were of different types, of different 
ages, operated at different temperatures, and, no 
doubt, heated with various degrees of perfection or 
imperfection. The ovens were of various heights, 
leading to differences in bulk density of the charge. 
There were different methods of handling the coke. 
The moisture content of the charges of the same 
coals sometimes varied considerably. The ovens, 
being of different heights and ages, and heated by 
different operators, would be likely to have different 
temperature gradients from bottom to top—always 
an important matter affecting the uniformity of the 
coke. It is difficult to understand what conclusions 
the committee could be expected to draw under 
such a diversity of conditions. 

There is a curious delusion in certain quarters 
that means can be found to obtain much improved 
coke by selecting the right conditions of carbonisa- 
tion. The principle has been widely accepted that 
every coal is different in this respect, but it is 
doubtful how far this belief is well founded. It is 
more probable that coals can be classified into types, 
and that generalisations could be made upon the 
effect of carbonising conditions on each type. This 
is presumably the foundation of these experiments ; 
but, before they were undertaken, the metallurgical 
industries should have stated categorically what pro- 
perties they required in coke for blast furnaces, for 
foundries, and for any other purposes. It is not 
sufficient to indicate these properties broadly ; they 
should be stated in figures—what re-activity, com- 
bustibility, shatter test, bulk density, size grading, 
etc., are needed. To start at the coke-oven end 
seems the wrong way round ; it is necessary, first, to 
ascertain what is wanted, and then to study how to 
get it, in the right order. The unsuitability of the 
actual method can be shown from practical tests 
made as part of the research programme. The 
British Cast Iron Research Association conducted 
trials in their experimental cupola on cokes produced 
at the six coking plants from Parkgate coal. The 
results showed that all the cokes gave results as 
good as those from good-quality metallurgical 
coke; and that what differences were observed 





* Experimenis on Coking Practice. H.M. Stationery 
Office, Kingsway, London, W.C.2. Price 4s, net. 
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were due mainly to variations in the operating 
conditions of the cupola, and not to the coke. The 
variations found in the behaviour of different cokes 
were, in fact, of the same order as those found in 
duplicate tests on the same cupola. It appears, 
therefore, that, in practice, it matters not whether 
this coal is carbonised in wide 20}-in. ovens, or in 
narrow 12-in. ovens; or whether it is carbonised 
with an average coking speed of 0-6 in. an hour 
(that is, a flue temperature of 1,000 deg. C. in a 
17}-in. oven) or with a speed of over 1 in. an hour 
(corresponding to a flue temperature of 1,310 deg. C. 
in a 14-in. oven). 

Such conclusions as can be drawn from these 
experiments are in line with what was already 
known. Obviously, any differences in yield, apart 
from small differences due to deposition of carbon 
on hot coke surfaces, must be due to accident. 
The real differences of significance may lie in the 
yield and composition of the gas and by-products, 
but those could not be ascertained when one oven 
only out of a whole battery was used for a test. 
It has long been known that the faster a coal is 
carbonised the smaller is the mean size of the cokes 
produced. It is also deducible from known facts 
that, since more rapid carbonisation sets up greater 
strains than slower coking rates, the cokes produced 
at higher rates will contain more fractures, and, 
therefore, will show lower shatter- indices. The 
reactivity of coke is known to become less with 
higher oven finishing temperatures. There is no 
indication that coke produced in coke ovens con- 
tains appreciable amounts of graphite; coke 
crystallites are much smaller than graphite crystals. 
All these “conclusions ” are fully in accord with exist- 
ing knowledge, and this series of tests provides no 
more than a confirmation of known facts. No 
conclusions could be drawn from the tests regarding 
other properties, though there is an indication 
that the pores of coke produced from each coal in 
12-in. ovens with a flue temperature of about 
1,040 deg. to 1,100 deg. C. are larger than those in 
cokes produced in 12-in. ovens with a flue tempera- 
ture of about 1,250 deg. C. 

The number of varying conditions present, as 
between one plant and another, was the fundamental 
defect in these arrangements. Effects due to oven 
width were likely to be masked by temperature, 
oven height, or some other factor. The experi- 
ments, even had all six coals been put through the 
whole programme, must inevitably have been 
inconclusive through neglect of the rather elemen- 
tary principle that too many variables, like too 
many cooks, spoil the research broth. Whether it is 
worth while to pursue this “research” appears 
doubtful. It would be very costly to build and 
operate an adequate experimental battery for the 
purpose, and the cupola experiments suggest that 
it is unnecessary. Sufficient is known about the 
coking of coals to enable designers to produce, 
within the limits imposed by Nature, whatever 
coke the metallurgical industries require. Designers 
of domestic appliances can specify fairly exactly 
what characteristics are required in coke for those 
appliances. Designers and operators of carbonisa- 
tion plant know what problems are involved in 
producing those cokes, and what are the limitations 
of their retorts or ovens. If the metallurgical 
industries would similarly declare the characteristics 
of the coke they need, there is enough experience 
for it to be produced from certain coals, and for a 
near approach to be made with other coals. Re- 
search is needed upon the maintenance of coke 
quality when the good coking coals are worked 
out. There is a great deal to be learned in such 
directions as coal blending. The greatest variable 
of all is the character of the coal. Enough is known 
about the effects of carbonisation on coals of various 
ranks for a pretty shrewd estimate to be made, 
from laboratory experiments, of the effect of design 
of plant—width, type, temperature, etc.—on any 
coal. The type of research needed above all, 
however, is research to increase the scope of by- 
product coking and of coal processing in general, 
to set up new manufactures and to extend the 
range of the industry. There are here immense 
latent possibilities, and the time has come to 
develop them. Coal-processing research needs a 
new orientation. 








THE SIXTH INTERNATIONAL 
CONGRESS FOR APPLIED 
MECHANICS. 


ALTHOUGH only eight years have elapsed since the 
Fifth International Congress for Applied Mechanics 
was held at Cambridge, Massachusetts, so much 
has happened during those years to interfere with 
pre-war programmes of research, and with the 
research workers directly concerned, that it was 
somewhat surprising to find such an impressive 
array of papers presented at the Sixth Congress, 
which was held in Paris from September 22 to 29, 
under the presidency of Professor Henri Villat. 
The subjects covered by the Congress were divided 
into four sections, dealing, respectively, with struc- 
tures, elasticity, and plasticity; hydrodynamics, 


hydraulics, and aerodynamics; the dynamics of’ 


solids, vibration and sound, friction, and lubrication ; 
and thermodynamics, heat transfer, and combustion. 
Twenty-five countries were represented among the 
membership of more than 400, and the contributed 
papers numbered no less than 250, according to the 
printed programme. There seems little doubt that 
the numbers of participants and of papers were 
actually higher. 

The Congress opened on Sunday, September 22, 
with a reception by the President and the Organising 
Committee, and a number of other social events were 
interspersed between the technical sessions during 
the week ; for example, an official reception at the 
Hotel de Ville, Paris, by the President du Conseil 
Municipal, another by the British Ambassador 
(the Rt. Hon. A. Duff-Cooper) and Lady Duff- 
Cooper, an evening excursion to the Palace and 
gardens of Versailles, and, of a more technical 
nature, a trip on the Seine to visit, by invitation of 
the Director, the Central Hydraulics Laboratory. 
This establishment, commenced during the German 
occupation, is still incomplete, but several investi- 
gations are already proceeding. The laboratory 
specialises in research on the hydraulic problems 
associated with harbour and river works, and is well 
equipped with experiment tanks, etc. 

It was a natural consequence of the war that the 
programme contained numerous papers relating to 
various aspects of aerodynamics and hydrodynami- 
cal theory, and problems of airframe design. The 
failure of the Tacoma Narrows bridge appeared to 
have stimulated a number of papers on structural 
questions. In general, all the papers attained a 
high standard, and the contributions to the discus- 
sions, though not particularly numerous, were often 
lively. The extent of the programme and the 
limited duration of the Congress necessitated the 
holding of several meetings simultaneously and, as 
usual, restricted the time that could be allowed 
for the presentation of each individual paper and 
each contribution to the discussions ; requirements 
which caused some dissatisfaction because it was not 
always practicable to do justice to the papers within 
the prescribed 15 to 20 minutes, and few of the 
speakers in the discussions found five minutes to 
be adequate for what they had to say. While it 
was recognised that these handicaps were unavoid- 
able in the circumstances, there was a general feeling 
that the chairmen of the various sections might 
have enforced the time limit more firmly, with 
considerable advantage ; but equally it was recog- 
nised that the true value of such gatherings cannot 
be measured solely in terms of papers and the dis- 
cussions upon them. It is largely derived from the 
informal conversations which take place, and the 
friendships that are made, between individuals 
who otherwise might never have an opportunity 
to meet on common ground. 

In the course of the Congress, special lectures 
were given by Professor Yves Rocard, of Paris, on 
the vibration of various linear and non-linear 
systems, and their mathematical treatment; and 
by Professor Sir Geoffrey Taylor on the behaviour 
of plastic materials, especially at very high rates of 
application of load. Other lectures, illustrated by 
films, were delivered by Air Commodore Frank 
Whittle, and by Professor F. B. Farquharson, of the 
University of Washington. The film exhibited by 
Air Commodore Whittle, dealing with the early 
development of the Whittle jet-propulsion engine 
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was probably new to most ofthe Continental mem. 
bers of his audience. In his explanatory talk, Air 
Commodore Whittle discussed the problems ep. 
countered in the development of the engine and 
dealt at length with the relative advantages and dis. 
advantages of radial-flow and axial-flow compressors, 

A portion of Professor Farquharson’s film, dealing 
with the destruction of the Tacoma Narrows bridge, 
was also familiar to many of the British and Ameri. 
can engineers present, having been exhibited at 
various engineering institutions in this country and 
in the United States, but it was probably new to 
most of the other members who saw it at the 
Congress. That part of it, however, which illus. 
trated the laboratory tests on a model of the bridge, 
1/50th full size, was new to practically all of 
those present. Professor Farquharson explained 
that, in connection with this work, what he 
described as the largest wind-tunnel in the world 
had been constructed, having a cross-section mea- 
suring 100 ft. by 4 ft. This tunnel, he said, was 
also unique in having the lowest wind speed, often 
less than | ft. per second and never exceeding 24 ft. 
per second. It was found that similarity between 
the behaviour of the model and that of the full-size 
structure was best achieved, in this case, with 
equality of Froude’s Number rather than of Rey- 
nolds Number. By the use of the model, all the 
modes and frequencies of vibration observed upon 
the actual bridge had been reproduced, and some 
had been obtained which had never been observed 
on the full-size bridge. As a result of these investi- 
gations, it appeared that plate-web girders were 
inferior to lattice trusses for the stiffening of suspen- 
sion bridges and that, if plate-web girders were used, 
there wasa critical ratio of width of bridge to depth 
of girder at which the structure ceased to be aero- 
dynamically stable. 

The difficulty of dealing adequately with all 
aspects of a conference in which several sections are 
conducting simultaneous meetings makes it impos- 
sible to do more than touch upon a few papers ; and 
inevitably the selection depends rather upon their 
relative positions in the time-table than upon any 
other factor. With this limitation in mind, brief 
notes may be added regarding some of the very 
varied contributions. Dr. D. Meksyn, of London, 
introducing a paper on ‘‘ Stability of Viscous Motion 
between Parallel Planes,’’ mentioned that he had 
obtained new solutions for the hydrodynamic 
equations, and had calculated the critical Reynolds 
Number for such flow from first principles. Appar- 
ently, Dr. Meksyn is developing a branch of the 
calculus to deal with problems of this kind. 

Professor H. W. Swift, of the University of 
Sheffield, spoke on “ Plastic Strain in Isotropic 
Strain-Hardening Materials,” and showed that the 
Mohr circle diagram could be applied to strain in 
a material as well as to stresses. His paper, which 
was reproduced on page 381, ante, also showed that 
it cannot be assumed that a material which is 
initially isotropic will remain so after strain. A 
paper by Professor E. Crausse, of the French Engin- 
eering School at Beyrout, Lebanon, on “‘ Résonance 
sous Il’action des tourbillons alternés,” was of 
especial interest when taken in conjunction with 
Professor Farquharson’s paper on the failure of the 
Tacoma Narrows bridge, since the possibility of 
resonance arising from turbulence in a fluid has not, 
so far, been studied extensively. Mr. A. Cameron 
and Mrs. W. L. Wood contributed a joint paper 
on “The Parallel-Surface Thrust Bearing,” in 
which they put forward a theory to explain the load- 
carrying and film-maintaining properties of this 
type of bearing. Their theory was based upon the 
volumetric expansion of the oil film when heated 
by friction. Finally, mention may be made of an 
American paper, by Mr. A. C. Charters, jun., on 
“The Spark Photography Range,” which was of 
considerable interest as an introduction to the 
apparatus used for the experimental investigation 
of problems in ballistics, and the practical difficulties 
encountered in this field. This paper was but one 
of several dealing with the flight of projectiles and 
the study of flow at supersonic speeds, a section 
of the programme which was notably strong. The 
Congress closed with an announcement by the Presi- 
dent that the Seventh Congress would be held in 
1950, at a centre to be selected later. 
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NOTES. 


Tue INSTITUTION OF MECHANICAL ENGINEERS. 


Tue annual dinner of the Institution of Mechanical 
Engineers, at the Dorchester Hotel, London, on 
Thursday, October 17, was the first to be held since 
1938. It was also notable for the announcement by 
the Rt. Hon. John Wilmot, M.P., Minister of Supply, 
that the Government had approved in principle the 
setting-up of a Mechanical Engineering Research 
Board and that, in a few years, a new laboratory 
in which the work was to be centred would be 
established. In this connection, Mr. Wilmot paid a 
tribute to the able way in which Dr. H. L. Guy, 
C.B.E., F.R.S., secretary of the Institution, had 
acted as chairman of the Committee of the Advi- 
sory Council of the Department of Scientific and 
Industrial Research, on the findings of which Com- 
mittee the new Research Board would be largely 
based. Mr. Wilmot also spoke in eulogistic terms 
of the value to his Ministry during the war of several 
other members of the Institution. He referred to 
the increased engineering exports and emphasised 
the need for still further expansion in this direction. 
Mr. Wilmot’s remarks were made in proposing the 
toast of ‘‘ The Institution of Mechanical Engineers,” 
the response to which was made by the chairman 
at the dinner, Mr. O. V. S. Bulleid, President of the 
Institution. The remaining toast, that of ‘‘ Our 
Guests,” was proposed by Lord Dudley Gordon, 
D.S.0., vice-president, and was replied to, in the 
absence of the Rt. Hon. Alfred Barnes, M.P., 
Minister of Transport, by Mr. G. R. Strauss, M.P., 
Parliamentary Secretary to that Ministry; the Rt. 
Hon. Lord Courthope, P.C., M.C., also replied. Mr. 
Bulleid delivered his presidential address on the 
following evening, Friday, October 19, at the Insti- 
tution. In connection with the address some cine- 
matograph films of locomotive operation and of the 
war work of the Southern Railway were shown. 


THe WorRLD’s MERCHANT SHIPBUILDING. 


The present activity of the British shipyards 
is indicated by the fact that the tonnage of the 
merchant vessels of 100 gross tons and upwards, 
under construction on September 30, totalled 
1,874,878, an increase of 109,935 tons over the 
aggregate for the previous quarter and the highest 
figure since June, 1922, when the total recorded was 
1,919,504 tons. The shipbuilding returns of Lloyd’s 
Register of Shipping for the quarter ended Septem- 
ber 30, 1946, show that the figure of 1,874,878 tons 
is made up of 202 steamers, totalling 950,474 tons, 
234 motorships aggregating 913,105 tons, and 28 
sailing vessels and barges making together 11,299 
tons. During the quarter under review, 360,156 
tons of merchant shipping were commenced in this 
country and 268,715 tons were launched. Another 
feature of interest is the notable increase in the 
tonnage intended for registration abroad or for sale. 
This figure, which, at the end of March of th’s year, 
was 105,000 tons and at the end of the June, 1946, 
quarter was 247,500 tons, now stands at about 
387,000 tons, or 20-6 per cent. of the tonnage 
being built in this country. The tonnage of mer- 
chant vessels under construction abrord on Septem- 
ber 30 is given in the returns as 1,694,281, which is 
181,899 tons more than that recorded on June 30 
last, when it was noted that no figures were included 
for Danzig, Germany, Japan, Poland and Russia, 
and that the information concerning France was 
incomplete. These reservations, it is pointed out, 
still apply, but the figures given for France are more 
comprehensive than was previously the case. The 
leading foreign shipbuilding countries are the United 
States, with a total of 354,283 tons ; Sweden, with 
241,050 tons, the Netherlands, with 166,790 tons ; 
Italy, with 166,762 tons; Denmark, with 145,768 
tons; France with 138,181 tons; Spain, with 
95,005 tons; Belgium, with 89,165 tons; and 
Norway, with 82,953 tons. In the British Dominions 
the total of merchant tonnage building on Septem- 
ber 30, 1946, was 199,558, of which Canada was 
responsible for 145,648 gross tons. During the 
quarter under review 312,311 tons of shipping were 
commenced in overseas shipyards and 231,376 tons 
were launched. The merchant vessels which were 
being built in the world’s shipyards on September 30 








included 53 steamers and 57 motorships, each of 
between 6,000 and 8,000 tons; 31 steamers and 
54 motorships, between 8,000 and 10,000 tons; 21 
steamers and 33 motorships, between 10,000 and 
20,000 tons, and five steamers and one motorship, 
between 20,000 and 30,000 tons. 


Tue Digse, EnGInE Users ASSOCIATION. 


On October 17, at a meeting of the Diesel 
Engine Users Association, held in London, a paper 
on “ Filtration” was presented by Mr. C. G. Vokes. 
It was not until the recent war, said Mr. Vokes, 
that the necessity for fitting efficient air filters on 
all classes of engines was fully appreciated. As an 
example of what could be achieved when the ques- 
tion of air filtration was treated scientifically, the 
author quoted the case of the army tank in the 
Middle East, where, at the beginning of the war, the 
average engine life was in the neighbourhood of 150 
to 250 miles. By fitting properly-designed air filters, 
however, this figure reached 2,000 miles by the end 
of the Tunisian campaign, and, during the European 
campaign, the figure rose to 4,000 miles. Similar 
results were obtained with aircraft engines ; in this 
case, correct filtration raised the engine life from 
50 hours to 200 hours. The author went on to 
review the various forms of air filter in service, but 
pointed out that whereas one type of filter might be 
efficient in one location, it might not prove suitable 
for another location. This was due to the variable 
dust conditions encountered throughout the world, 
a variation not only in the quantity of dust but 
in the size, shape and constitution of the particles. 
This gave rise to a very serious problem, as different 
types of dust required a different filtering element, 
and, short of carrying out tests at the proposed site, 
it was difficult to see how this problem could be 
overcome. While the publication of a British 
Standard specification for air cleaners and filters 
would prove a great help so far as this country was 
concerned, the larger problem would still remain. 
Referring to lubricating-oil filtration, the author 
drew attention to the desirability of using the full- 
flow system as opposed to the by-pass system, 
claiming that, if it was necessary to filter all the air 
entering the engine cylinders, then it was equally 
necessary to filter all the oil delivered to the bear- 
ings. The introduction of detergent oils had added 
greatly to the problems confronting the designer of 
oil filters and future designs should allow for the 
heavier filtration load imposed by the use of these, 
doubtless beneficial, oils. It was essential that 
there should be a close liaison between the engine 
builders and the filter manufacturers; too often 
filtration was not considered during the initial stages 
of design, with the result that there was not sufficient 
space to fit efficient filters. 


INTERNATIONAL REGISTRATION OF RaDIO 
FREQUENCIES. 

That agreement can be reached with Russia regard- 
ing technical matters is shown by the success of 
the discussions, which have been taking place in 
Moscow during the last three weeks, between 
representatives of Great Britain, the U.S.S.R., the 
United States, France and China, on the regulation 
and use of radio wavelengths. According to the 
Moscow correspondent of The Times, a joint an- 
nouncement issued at the end of the proceedings 
stated that particular attention had been paid to 
proposals for a new allocation of frequencies for 
various services and that a common feature of them 
all was an attempt to reach technical conclusions 
that would satisfy all forms of radio communication. 
One of the most important of the recommendations 
made was that an international board should be 
established for the registration of frequencies in the 
hope that a body of this kind would be able to reduce 
interference between radio stations. After a draft 
telecommunications convention and general regu- 
lations, put forward by the U.S.S.R. delegation, had 
been discussed, a preliminary draft for the new 
convention was approved. The conference also 
recommended that the existing international tele- 
communication union be reorganised in relationship 
with the United Nations; and that a plenary 
conference for this purpose and for the adoption 
of a new convention should be called for July 1, 
1947. This will be followed, in 1948, by a world 
conference on telephones and telegraphs. Sir 





Stanley Angwin, leader of the United Kingdom 
delegation, said that the present conference had 
done much to clear the way for an international 
agreement, although no attempt had been made to 
reach decisions over the heads of Powers not repre- 
sented at this preliminary meeting. He also 
expressed satisfaction at the warm desire of their 
Soviet hosts to collaborate in the search for means 
of improving international communications. 


NaTIONAL AGRICULTURAL ADVISORY SERVICE. 

An organisation of some significance to the agri- 
cultural machinery industry came into being on 
October 1, as a consequence of the Agriculture 
(Miscellaneous Provisions) Act of 1944. Briefly, 
the function of this organisation, the National 
Agricultural Advisory Service, is to provide tech- 
nical advice and instruction free of charge to those 
engaged in agriculture and horticulture in England 
and Wales and to this end experimental farms and 
research stations are being set up. For this purpose, 
the country is being divided into eight provinces 
with centres at Newcastle-on-Tyne, Leeds, Wolver- 
hampton, Derby, Cambridge, Reading, Bristol and 
Aberystwith. The avowed object is to give every 
farmer, however situated, ready and complete access 
to the best and most recent advice. Since the 
sections into which the work has been divided 
embrace farm machinery and farm buildings, the 
agricultural engineer is affected. It would seem, for 
instance, that in the matter of selection of machines, 
the farmer is virtually to be provided with a con- 
sulting engineer. The old-time farmer chose from 
a catalogue the particular implement that he thought 
would suit him or that his father had used before 
him ; but he might be using plant which, after all, due 
to his restricted knowledge, was not the best 
adapted to his needs and environment. 


Tse InstrTruTION OF LocoMOTIVE ENGINEERS. 
The “ Liberation’ locomotives do not appear 
to have suffered from the participation in their design 
of so many engineers with conflicting requirements 
and national conventions in locomotive practice. 
Britain, France, Belgium, Holland, Czechoslovakia, 
Poland, Yugoslavia, and Greece were represented 
on the Technical Advisory Committee on Inland 
Transport which considered the design in 1943 and 
1944. Mr. F. Seymour Whalley, M.C., described 
the task of reconciling all requirements in the final 
design in his presidential address to the Institution 
of Locomotive Engineers, on Wednesday, October 16. 
He explained that originally each country had 
requested a special design to suit its individual 
needs, and some had even wanted two special 
designs; but when the overriding considerations 
of economy in labour and materials, and rapidity 
of production, had been pointed out, all 
to support the scheme for one design. The builders, 
Messrs. The Vulcan Foundry, Limited, Newton-le- 
Willows, Lancashire (of which firm Mr. Whalley is 
vice-chairman and managing director) were, there- 
fore, in the happy position of evolving a design 
for which only the broadest characteristics were 
stipulated; and, in general, they were able to 
incorporate what they considered were the most 
suitable features of British and foreign practice. 
The locomotive was described in ENGINEERING, on 
440 of vol. 161 (1946). By means of lantern 
slides, Mr. Whalley was able to illustrate several 
interesting details of design and to compare the 
‘** Liberation ’ locomotive with earlier American, 
British, and Ministry of Supply designs. 





Rartway Coat Stocks.—lIn reply to a question in the 
House of Commons on Tuesday, October 22, the Minister 
of Fuel and Power (the Rt. Hon. E. Shinwell) said that 
at the present time the stocks of coal for railway services 
generally amounted to about 1} weeks’ winter supply. 





SurPLUs GERMAN MOTOR VEHICLES.—In reply to a 
question in the House of Commons on Tuesday, October 
22, the Secretary of State for War (the Rt. Hon. F. J. 
Bellenger) said that 35.000 vehicles in Germany had 
been notified for disposal. The Control Commission would 
acquire such of these vehicles as they needed to meet 
their essential requirements. Types and quantities for 
which there was a demand elsewhere would be removed ; 
and the remainder would be disposed of in Germany 
A further 30,000 vehicles would be dealt with in the 
same way. 
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MR. H. M. HOBART. 


WE regret to record the death of Mr. H. M. 
Hobart, which occurred at Schenectady, New York, 
on Friday, October 11, at the age of seventy-seven. 

Henry Metcalf Hobart was born at Boston, 
Massachusetts, on November 29, 1868, and was 
educated at the Massachusetts School of Technology, 
from which he graduated as Bachelor of Science in 
1889. He then obtained a position with the Thom- 
son-Houston Electric Company (afterwards the 
General Electric Company of America) and during 
the next six years was engaged with them on the 
design and manufacture of electrical machinery at 
that firm’s Lynn and Schenectady factories. In 
1895 he came to this country where, as a member 
of the engineering staff of the British Thomson- 
Houston Company, he was responsible for designing 
and setting to work the electrical equipment of 
the Central London Railway and the tramways at 
Dublin and Middlesbrough. Five years later he 
was appointed chief designer of direct-current 
machines with the Union Elektricitats Gesellschaft, 
Berlin. In 1903, he returned to London where 
he set up as a consulting engineer, but in 1911 he 
went back to Schenectady and established a practice 
as consultant to the General Electric Company of 
America. 

Mr. Hobart was the author of a number of 
treatises on the application of electricity to trans- 
port and other industries. Among these, mention 
may be made of Electric Machine Design and 
The Design of Alternators, in collaboration with 
Mr. H. F. Parshall, which were published by 
Engineering, Limited ; Electric Motors, their Theory 
and Construction ; Steam Turbine Engineering ; and 
Electric Railway Engineering. He had also con- 
tributed to the Proceedings of the leading engineer- 
ing societies both in this country and in the United 
States. During his stay in this country he was also 
lecturer on dynamo design at University College, 
London, and on special electrical subjects at Faraday 
House. He was elected a member of the Institution 
of Electrical Engineers in 1898, of the Institution of 
Civil Engineers in 1907, of the Institution of Mecha- 
nical Engineers in 1911. 








PROFESSOR E. H. LAMB. 


Ir is with regret that we record the sudden 
death of Professor E. H. Lamb, D.S.C., D.Sc., 
which occurred at Cambridge on October 12. 
Ernest Horace Lamb, who was Emeritus Professor 
of Engineering, Queen Mary College, London, E.1, 
was the eldest son of the late Sir Horace Lamb, 
F.R.S., and was born at Adelaide, South Australia, 
on May 5, 1878. He was educated at Manchester 
Grammar School, and, in 1896, at the age of 18, 
obtained a Dalton entrance scholarship to Owens 
College, subsequently Victoria University, Man- 
chester. In 1898, he gained an Ashbury’s Engineer- 
ing Scholarship and, in the following year, a Univer- 
sity Scholarship and obtained the B.Sc. degree with 
First Class Honours in Engineering in 1899. His 
Alma Mater awarded him the M.Sc. degree in 1902 
and the D.Sc. degree in 1933. In 1899, after 
graduating, Lamb became an apprentice fitter in 
the Salford Iron Works of Messrs. Mather and 
Platt, Limited, Manchester. During the subse- 
quent four years he worked in the erecting and test- 
ing departments and in the drawing office. In 
1903, he was appointed demonstrator for pupils 
and apprentices, and scientific adviser, to Messrs. 
W. H. Allen, Sons and Company, Limited, Bedford. 
He remained with the firm for ten years, during 
which he also undertook work connected with the 
design and testing of high-speed engines, steam 
turbines and compressors. 

In 1913, Lamb was appointed Professor of Civil 
and Mechanical Engineering at East London 
College (University of London), which was renamed 
Queen Mary College in December, 1934. He 
enlisted in September, 1914, and served, at first as a 
lieutenant, and afterwards as captain, Royal 
Marines, with the Ist Field Company, Royal Naval 


Campaign, from April, 1915, until January, 1916, 
and was awarded the Distinguished Service Cross. 
In March, 1916, he was transferred to the rank of 
lieutenant, R.N.V.R., and was appointed to H.M.S. 
Vernon, Portsmouth, for work in the Experimental 
Mining Department. From 1917 until 1919 he 
was in charge of the experimental section and of 
special designs for naval mining appliances. On 
returning to East London College, he drew up plans 
for the re-organisation of the Engineering Depart- 
ment, and, in 1920, the London County Council 
voted a sum of 15,000/. for new equipment for the 
Department. Other developments followed, and 
from 1924 to 1928 Professor Lamb was Dean of the 
Faculty of Engineering of the University of London 
and a member of the Senate of the University from 
1929 until 1934. Professor Lamb, who also became 
Vice-Principal of Queen Mary College, retired in 
1945, and was made Professor Emeritus a few 
months ago. He was elected to membership of the 
Institution of Mechanical Engineers in 1914 and to 
associate membership of the Institution of Civil 
Engineers in 1904. He was awarded a Telford 
Gold Medal of the latter Institution in 1924. 





MR. JAMES CLAYTON, M.B.E. 


NumERovs locomotive engineers will feel a deep 
sense of personal loss by the death of Mr. James 
Clayton, M.B.E., who was associated for many years 
with the South Eastern and Chatham Railway and 
the Southern Railway prior to his retirement some 
eight years ago. Mr. Clayton, who died on October 
12, had been chief locomotive draughtsman of the 
former railway and subsequently was assistant to 
the late Mr. R. E. L. Maunsell, formerly chief 
mechanical engineer of the Southern Railway. He 
was within a few weeks of his 74th birthday. 

James Clayton was a native of Stockport and 
received his general education in Manchester, where, 
from 1886 to 1890, he served his apprenticeship with 
Messrs. Beyer, Peacock and Company. On its 
completion, he continued in their drawing office, 
concurrently attending the evening classes at Owens 
College, until 1899, when he went to the Ashford | 
works of the South Eastern and Chatham Railway 
as a leading draughtsman. In 1903, he went to 
Coventry as chief draughtsman to the Motor Manu- 
facturing Company, but returned to railway work 





two years later, joining the Midland Railway’s loco- 
motive department at Derby, where he was closely 
concerned with the design of Mr. C. W. Paget’s 
rotary-valve experimental locomotive. He re- 
mained at Derby, latterly as assistant chief loco- | 
motive draughtsman, until shortly before the out- 
break of the 1914-18 war, when he returned to 
Ashford as chief draughtsman. In that capacity 
he was responsible for much war work in addition 
to his normal activities, and received the award of 








Divisional Engineers, throughout the Gallipoli 





the M.B.E. for producing special high-angle gun 
mountings for the defence of London against air 
attack. Mr. Clayton was a member of the Institu- 
tion of Mechanical Engineers, and a past vice- 
president of the Institution of Locomotive Engineers 





LETTERS TO THE EDITOR. 
THE LATE MR. E. G. IZOD, M.B.E. 


To THE Eprror oF ENGINEERING. 


Sir,—It was with deep regret that I read in last 
week’s issue of your journal of the death of Mr. E. G. 
Izod; so another engineer associated with steam 
turbines in their early days is no longer with us. 
With regard to your remarks as to the pioneer work 
done by him in the early days, I can well substan- 
tiate your statement, as I had the pleasure of 
assisting him for a number of years. During this 
time, much work was done in developing the theory 
of entropy for steam turbine design, and many of 
our particular difficulties and problems were simpli- 
fied and solved by its application. This work dates 
back to well over 40 years ago; the first turbine 
with which Izod was associated was built at the 
Rugby works of Messrs. Willans and Robinson in 
1904. As to the Izod impact test, I do not think that, 
at the time, sufficient credit was given to the 
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inventor; this may have been due, as you say, 
to the spelling and pronunciation of his name, 
During the past few years, the value of an impact 
test combined with the standard tensile test has 
been much appreciated, and a careful study of the 
two types of tests give much valuable information. 
If, at the time, this had been fully realised, the 
appreciation of Izod’s contribution to engineering 
would have been considerably greater. 

Yours faithfully, 
JOHN P. CHITTENDEN. 
4, Littlecroft-avenue, 
Castle-lane West, Bournemouth. 
October 21, 1946. 








FORMUL# FOR THE CALCULATION 
OF PIPE-BEND ANGLES. 
To THE EpiTor OF ENGINEERING. 

Smr,—Referring to an article in your issue of 
May 31, 1946, page 507, on *‘ Formule for the Caleu- 
lation of Pipe-Bend Angles,” by Mr. G. Hookham, 
an alternative method of calculation is by the use 
of spherical trigonometry. In surveying the route 
for a pipe line, the horizontal angles at each devia- 
tion in direction are determined by theodolite and 
the vertical angles are similarly determined, or by 
level and tape. 

In a spherical triangle ZS 8’, Z being the zenith 
and S and S’ points on the axes of the pipe on 
either side of the deflection, equally distant from the 
intersection of the two angles, we have ZS and Z 8’ 
the co-altitudes of these points, which are derived 
from the inclinations of the pipe on either side of 





(e901) 


the intersection, and we have also the spherical angle 
S ZS’ at the zenith between the planes of the vertical 
circles passing through the points S and 9’, this 
spherical angle being the same as the angle AO B 
measured by the theodolite, and can solve the 
spherical triangle for the third side 8S’, which is 
the angle of the bend being the same as the angle 
SOS’. If, further, we calculate the remaining 
two angles of the spherical triangle, viz., ZS S’ and 
ZS’ S, we have the angles between the plane of the 
bend and the vertical diameters of the flanges at 
either end of it, from which the bolt holes can be 
marked off. It thus appears that by the complete 
solution of the spherical triangle all necessary data 
are obtained. It is useful to work by both this 
method and by plane trigonometry, when a thorough 
check is obtained. 
Yours faithfully, 
E. FLetcHer RoseErts. 
186, Stuart-street, 
Dunedin, New Zealand. 
August 30, 1946. 





THE INSTITUTION OF CHEMICAL ENGINEERS.—The 
“home” paper set for the associate-membership 
examination of the Institution of Chemical Engineers for 
1947 will be issued early in January, thé answers being 
returnable by the end of March. The remaining papers 
will be taken on May 8, 9 and 10. Entries for the 
examination should be in the hands of the secretary of 
the Institution, 56, Victoria-street, London, 8.W.1, not 
later than Monday, December 2, 1946. 
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NAVAL ARCHITECTS AT 
GLASGOW. 
(Concluded from page 378.) 


WE conclude below our report of the joint meeting 
in Glasgow of the Institution of Naval Architects 
and the Institution of Engineers and Shipbuilders 
in Scotland. Preceding instalments dealt with the 
technical sessions held on Tuesday, September 24. 
On the evening of that day, an informal dinner 
was held at the Grosvenor Restaurant, Glasgow, 
at which the members of the Institution of Naval 
Architects were the guests of the Scottish institu- 
tion. The chair was taken by Mr. Allan Stevenson, 
C.B.E., who was able to report that Lord Chatfield, 
President of the Institution of Naval Architects, 
who had been prevented by illness from taking part 
in the meeting, although he had travelled to Glas- 
gow for the purpose, was making satisfactory pro- 
gress and hoped to be present on the Thursday. 
Wednesday, September 25, was devoted to a whole- 
day steamer trip down the Clyde in the 8.8. Queen 
Mary II, the course taken including the Gareloch, 
the Kyles of Bute, and the west coast of Arran. 
A running commentary of considerable technical 
interest was provided by Mr. Ross Kennedy. 
The party returned to Glasgow by train from 
Gourock. 

At the third technical session, on the morning 
of September 26, the chair was taken by Lord 
Chatfield, who received a warm and prolonged 
ovation from the members present. Two papers 
were presented, the first of these, on “ Aircraft 
Construction in Scotland,” being contributed by 
Mr. C. A. Oakley, B.Sc., formerly of the Ministry of 
Aircraft Production. 


AIRCRAFT CONSTRUCTION IN SCOTLAND. 


Mr. Oakley explained that aircraft construction 
in Scotland could be divided into two phases; the 
first lasted from 1895 to 1930, after which there 
was a gap of seven years before the beginning of the 
second. The first phase originated with the experi- 
mental work of Perey Pilcher, lecturer in naval 
architecture at Glasgow University, who, in consul- 
tation with the German pioneer, Otto Lilienthal, 
built a glider and, in 1895, from a hillside near 
Cardross, made the first flight in Great Britain by 
a piloted heavier-than-air craft. He made several 
other gliders,: but eventually was killed while 
giving a demonstration at Market Harborough in 
1899. In 1905, a helicopter of ingenious construc- 
tion was built by Messrs. William Denny and 
Brothers and, after some years of preliminary work, 
was successful in lifting itself and its pilot (whose 
name was not mentioned in the paper, though he 
deserved to have it recorded). After describing 
the work of the late Peter Burt in developing the 
sleeve-valve aero engine, and the considerable 
amount of aircraft construction in Scotland during 
the 1914-18 war, Mr. Oakley turned to the post-1937 
phase. After being completely moribund for 
seven years, he said, the industry was recreated so 
successfully that, in 1944, the number of civilians 
engaged in it was almost equal to the number 
engaged in ship construction. It had six focal 
points, namely, the Rolls-Royce aero-engine works 
at Hillington, which had turned out nearly 24,000 
new Merlin engines and repaired or converted a 
further 30,000; the flying-boat works of the 
Blackburn Aircraft Company at Dumbarton; the 
Lockheed Corporation’s works at Renfrew; the 
Scottish Aviation Works at Prestwick and Greenock ; 
the Fleet Air Arm repair depots at Abbotsinch, 
Donibristle, and elsewhere; and the works of 
T. Macdonald and Company in Fife and at Balado, 
Kinross. The paper coneluded with a review of 
the possible future development of civil aviation 
centres in Scotland and the suggestion that the 
Clydeside shipbuilders might do well to resume 
their former interest in aircraft construction, 
especially flying boats—which, Mr. Oakley consi- 
dered, might become the most important type of 
heavy aircraft in the future. 

The discussion was opened by Sir Maurice Denny, 
Bt., who, referring to the Denny helicopter, said 
that an experimental propeller, 25 ft. in diameter, 
was first built, put on a testing frame, and tested in 











the open. Great secrecy was observed, the machine 
being built in the hills behind Overton in a large 
shed. Mr. Montford, at that time in charge of the 
Denny experiment tank, designed wings which were 
made of drawing paper, on a large former ; a tubular 
paper strut, about 25 ft. long, which could be lifted 
with one finger, would support a load of 10 cwt. in 
compression. The difficulty in those days was to 
find an engine which could be relied upon. An 
engine was obtained from England, which was sup- 
posed to give 30 h.p.; it did, but only for ten 
minutes. The machine was tested about July, 1914, 
but unfortunately, war broke out, and the firm 
abandoned the venture. The helicopter was 
launched at all kinds of angles, in all attitudes— 
even upside down—and it always righted itself. 
Referring to Mr. Oakley’s concluding remarks on 
the flying boat, Sir Maurice thought that he might 
be right. When chairman of the Air Registration 
Board in Scotland, until about nine months ago, 
he had discussed with numerous people the future 
of the,.flying boat. At the moment it was under a 
cloud, and below 100 tons weight the land machine 
might be superior, but above 100 tons the flying 
boat could hold its own with a land machine, though 
it suffered from the disabilities that, if it hit a piece 
of debris, it was apt to suffer damage. If a flying 
boat could be constructed to survive moderate 
weather in any ocean for a long time, many travellers 
might be willing to travel by that means. 

Captain D. Nicolson thought that, over 100 tons, 
the aircraft might have a little superiority not in 
seaworthiness, but in air-worthiness ; and that ship- 
builders would benefit if they watched what the 
flying-boat builders were doing. They had departed 
entirely from what was known as naval-architectural 
practice. 

Mr. W. A. Hargreaves pointed out that one of the 


advantages of the flying boat was its safety at the | 


moment of taking off. He supported the view that 
the shipbuilding industry should take an active 
interest in flying-boat construction ; from the one 
type of structure to the other was a natural grada- 
tion. 

Major J. Caldwell recalled that he had been 
present in June, 1939, when a similar paper was read 
in Berlin during the visit of the Institution of Naval 
Architects to Germany. He considered that there 
was a good future for air transport in Scotland ; 
in the Highlands, especially, the people were 
already very “ air conscious.” 

Professor A. M. Robb believed that Lord Kelvin 
had tried to dissuade Percy Pilcher, declaring 
** Young man, you will never fly.” Frank Barnwell, 
who was mentioned in the paper as chief designer to 
the Bristol Aeroplane Company, was the son of the 
shipyard manager of the Fairfield Company. In 
recent years, the naval architect had been very 
deeply indebted to aeronautics; that debt was 
merely a repayment of a much earlier debt. 

Mr. Oakley, in reply to the discussion, confirmed 
that, as Professor Robb had said, Lord Kelvin did 
try to discourage Percy Pilcher. 

Surps OF THE INVASION FLEET. 

The sixth and concluding paper in the programme 
was presented by Mr. R. Baker, O.B.E., R.C.N.C., 
and dealt with ‘‘ Some of the Ships of the Invasion 
Fleet, with Notes on their Development.” Though 
comparatively short as compared with the extent 
of its subject, it was copiously illustrated and formed 
a contribution of permanent value to the literature 
of naval architecture, as a comprehensive survey 
of various types of vessel which were not in existence 
before the war. The ordinary landing craft were 
mentioned only incidentally, the paper being 
concerned mainly with the larger vessels comprising 
the several classss of infantry assault ships, ships 
for carrying the smaller landing craft, and ships 
primarily intended for the carriage of tanks and 
motor transport, to be landed directly on to the 
beaches. The value of the paper was considerably 
enhanced by its exposition of the numerous practical 
problems encountered, and their effect on the design 
of the vessels ; and by the details given of the novel 
handling devices, and of various features of hull 
design and construction, some of which, the author 
suggested, might prove to have peace-time uses as 
well as those for which they were evolved. 

The discussion was opened by Mr. A. C. Hardy, 





who had been associated for more than two years 
of the war with Mr. Baker, to whom he paid a 
tribute for his work in implementing the Naval 
Staff’s requirements for the construction of a unique 
fleet. It was a fleet, said Mr. Hardy, composed, on 
the one hand, of a heterogeneous collection of 
merchant ships and, on the other hand, of specially- 
built ships for which, in shape, size and function, 
there was no precedent in the history of naval 
architecture. The choice of the merchant ships was 
not always governed by their suitability for con- 
version ; sometimes it was necessary to “‘ make do ” 
with the crumbs from the Ministry of War Trans- 
port’s table, particularly in the later stages. Of the 
points in Mr. Baker’s paper which seemed parti- 
cularly worthy of emphasis, the first was the value 
of large and medium cargo liners as means of carrying 
upwards of 24 assault craft, a large complement of 
troops and stores, and even a casualty clearing 
station. It might well be wondered, however, 
why fast special ships like the Glen liners, with 
machinery amidships, were converted initially into 
fleet oilers. The second point was. the value of 
the cross-channel ships. Loaded well below the 
mark and structurally modified, these were the 
backbone of any assault force, their endurance 
being one of their greatest assets. The paper was 
a lesson to the world of the essential ingenuity of 
British naval architecture, and a tribute to the 
mass-production potentialities of the United States. 
It was a lesson, too, not only on the need to possess 
an adequate Merchant Navy, but of the necessity 
for the Naval Staff to be closely informed about 
types of merchant ships and their characteristics, 
and of contemporary developments in design and 
construction in connection with the ships they 
might require. There should be, at all times, the 
closest relationship between the Naval Staff and 
current development in merchant shipping. 

Commander G. Norton, R.N.V.R., speaking as the 
former head of the Admiralty section responsible 
for co-orditiating the requirements of the Naval 
Staff with the work of the technical authorities, 
began by referring to the three Landing Ships 
(Infantry), mentioned in the paper, which were 
taken over from the Glen Line.When their capacity 
for carrying craft and troops was increased, he 
said, though they gained in the number of craft 
carried, the sea-keeping qualities of the ships 
were reduced to an extent which caused the Naval 
Staff serious concern. At various times, the three 
Glens were torpedoed, mined, bombed and stranded ; 
but they limped back to this country, where they 
were repaired and refitted, and finished the war as 
strong as ever. The L.S.T. (2) also met with every 
possible kind of accident. The two L.S.S. (formerly 
L.N.E.R. train ferries) were both damaged. The 
Daffodil, carrying a heavy cargo of locomotives, 
was mined and badly holed. She settled and (as 
predicted by Mr. Baker) capsized and was lost. 
Two examples of co-ordination were of particular 
interest. The L.S.S., in their final form, were 
reconverted to carry locomotives. The reconversion 
was actually carried out by the Royal Engineers ; 
it was to have been done at Chatham Dockyard, 
but they could not undertake the steel structural 
work. The other example of co-ordination related 
to the Royal Air Force. They had found that the 
only way to control fighters was from ground level, so 
it was proposed to station three ships off the coast, 
on the other side of the Channel, to control the 
fighters. After four weeks of intensive consideration 
of the problem, it was realised that this involved 
the accommodation of 20 R.A.F. officers and 100 
other ranks. There were only three hulls available 
in home waters that could possibly be utilised. 
The work was placed in the hands of John Brown 
and Company, other naval work was postponed 
to enable them to undertake it, and the first ship 
arrived a week before Christmas, 1943. At one 
time, there were no less than seven authorities, 
outside the normal naval people, at work on the 
ships. They wanted the first ship in February, 
less than two months after she arrived on the 
Clyde; she was ready on February 10. Exact 
figures were not available of the number of ships, 
but in the combined fleets assembled for the assault 
there were about 5,000,000 tons of landing ships, 
most of them had been built after 1941. 
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Professor A. M. Robb thought that Mr. Baker | There was a good deal of criticism and doubt as 
had unwittingly made a slight mistake in saying | to how these ships would work, but they had shown 


that the Glen ships were taken over in 1940, when 
invasion threatened. They were taken over at 
the outbreak of the war for a special operation, 
which was cancelled. The ships lay idle for eight 
or nine months, and then they were returned to 
normal service for one trip; but the Admiralty 
were loth to let the ships go, and they were fitted 
out, not for invasion, but for raiding. They were 
quite unsuited for the job; the carriage of the 
landing craft was an infliction. In the later stages, 
it was frowned on by all sensible people, because 
it was necessary that the landing craft and tanks 
should be rapidly lowered in any kind of a seaway 
and ultimately brought back. The requirement then 
was that the tank landing craft should be loaded 
from the beach, lifted up on the gravity davits, 
and then the ship should proceed on her raid and 








themselves in service to be suitable and fit for the 
work they had to do. In referring to the L.S.S., 
Mr. Baker had said, in the paper, “There is no 
doubt, that, had pooping occurred, the free surface 
on the train deck would have entirely destroyed the 
initial stability, and the ships would have been lost 
by capsizing. In any new train ferries of this type, 
it would be advisable not only to reduce the beam 
at the waterline, but to make the side structures on 
the train deck continuous and watertight.” Did he 
suggest that definitely as a commercial requirement, 
rather than as a possible requirement for war service 
conditions ? 

Mr. Baker having intimated that he would defer 
his reply to the discussion, the chairman (Lord 
Chatfield), in moving a vote of thanks to him for the 


paper, said that he had been interested personally 


recover the landing craft in the way they had been | in the remarks of Mr. Hardy and Commander Norton 
loaded. The initia] point should be made clear, that | regarding merchant shipbuilding requirements in 


invasion did not enter into the question. 


war, and had been trying to think what cquid be 


Major E. F. Plowden, saying that he spoke from | done in that respect. Landing craft were specialised 
experience of landing craft in action, suggested, as_ merchant tonnage rather than warships, but tonnage 


points of design, that the minimum width of any 


of that kind would not be produced in peace time by 


companionway should be about 12 ft., and that | shipping companies. If any experimental work was 
there should be independent access to each troop to be done in developing such craft, it would have to 


space. 2 
said, to marshall troops if men had to pass through 


It had been found extremely difficult, he |be done by the State, and the vessels would then 


be classed as a type of warship rather than a type of 


other troop spaces to reach their own allotted space. | merchant ship. He agreed and fully sympathised 
Many ships had grossly inadequate ventilation in with the view that there should be a much closer 


the lower troop spaces. 


During the invasion of connection in peace time between the Naval Staff 


Scicily, a gale sprang up. One of the main worries and the Merchant Navy in working out to what 
. : ; | extent al ing facilities i hould be 

was, not that the main landing might be delayed | ¢xtent normal carrying facilities in peace sho 

on account of the gale, but whether the troops would | influenced by the possible requirements of war. 

be in a condition to fight when they got there. If Landing craft were often commanded and manned 


the gale had not abated, many of the troops would 
have been in a poor condition when they landed. 
Mr. G. de Rooij, a member from Holland, said 


that he wished to express, on behalf of Dutch naval | 


architects and engineers, his pleasure in attending 
the meeting, and to assure his British confreres that 
their ships were of much better construction than 
the German invasion ships. 

Mr. Lloyd Woollard, M.A., in a written communi- 
cation, emphasised the urgency of the design pro- 
blems indicated in the paper; the ships had to be 
designed quickly and built rapidly, and there was 
no opportunity to introduce alterations and improve- 
ments. In all, there were more than 60 types. In 
the L.S.S., which were adaptations of existing 
vessels to handle the small landing craft developed 
by Messrs. J. 1. Thornycroft and Company, particular 
attention had to be given to the design of the 
launching trolley, to ensure that it did not run 
askew and leave the rails; the whole arrangement 
was rather an improvisation. The Landing Ship 
(Dock) was a particularly interesting type; so far 
as he knew, the only ship-shaped floating dock 
previously built was the non-propelling flying-boat 
dock at Sheerness, built about 1920. The Maracaibo 
type of landing ship was a conversion from the only 
type of shallow-draught tanker available. It 
involved some peculiar design problems, notably 
the bow doors (preserving the ship form, but 
allowing the tanks to drive off over a brow) and the 
internal ventilation, to deal with the fumes given 
off as the tanks were “ revving up.” 

Mr. H. S. Pengelly, R.C.N.C., in another written 
communication, said that he had been much 
impressed by the good work of the Landing Ships 
(Gantry) in the operations at Diego Suarez. He 
doubted whether the adoption of the hard chine, 
abandoned by the United States in the L.S.T. (2) 
type of craft, really helped the production of the 
L.S.T. (3) type. Certainly, the absence of camber 
on the upper deck of the L.S.T. (3) was a mistake, 
and made it difficult for the vessel to throw off 
loose water in bad weather. As the preparations 
for invasion advanced, a large part of the building 
capacity of the British Empire and the United States 
was devoted to these ships. It was to be hoped that 
the experience gained would not be lost. 

Mr. R. B. Shepheard said that Mr. Baker’s paper 
touched on so many points of operational difficulty 
that the magnitude of the Admiralty’s achievement 
could be appreciated. The Boxer type, for instance, 
the first specially designed L.S.D., involved an 
immense amount of complicated requirements. 








by soldiers, or by that wonderful body, the 
R.N.V.R., which further emphasised the need to 
get away from the rigid divorce between the Royal 
Navy and the Merchant Navy. 





EXTENSIONS TO KEARSLEY 
GENERATING STATION. 


At the present time the Lancashire Electric Power 
Company operates three generating stations, from which 
the major part of Lancashire south of the river Ribble 
is supplied through some 700 substations and about 
950 miles of high-voltage and 1,330 miles of low-voltage 
mains. More than 40 per cent. of the farms in this 
area have already been connected to the system, and 
the company is ready to resume its rura] development 
programme as soon as materials are available. Consider- 
able conver ion of textile factories to electric driving 
is also taking place, and 83 per cent. of 2000 houses that 
are being constructed in the area will be wired for 
electric cookers, water heaters and wash boilers. In 
nearly all cases these will be equ'pped on the “ ring 
main” principle with about eight socket outlets per 
house. 

The earliest of the three stations operated by the 
company is that at Radcliffe. This was opened in 
1905 and at present has a capacity of 52,500 kW. It 
was followed in 1927 by a station at Padiham, which 
now has a capacity of 30,625 kW, and in 1929 by a 
third station at Kearsley, near the village of Ringley, 
on the banks of the Irwell. This station was designed 
to have an ultimate capacity of 200,000 kW, but the 
plant initially installed consisted of two 32,250 kW 
turbo-alternators, which were supplied with steam at 
a pressure of 320 lb. per square inch and a temperature 
of 700 deg. F. from eight 75,000-lb. boilers. In its 
design, great attention was paid to every factor likely 
to make for efficiency, with the result that during the 
first year of its operation the coal consumption was 
only 1-17 lb. per kilowatt-hour generated and the 
thermal efficiency was as high as 23-84 percent. These 
results, which made it the most efficient station in the 
country at that time, were obtained with a compara- 
tively small output of 129,600,000 kWh, the annual 
load factor being 42-3 per cent. 

In 1934, the output of the boilers was increased from 
75,000 lb. to 95,000 lb. of steam per hour, by installing 
water-cooled furnaces. Owing to the requirements of 
the Central Electricity Board, however, the original 
plan of extension was modified and, in 1936, one 
51,600-kW turbo-alternator and four boilers operating 
at 620 lb. per square inch and 820 deg. F. were installed. 
A further set of the same output, with four additional 
boilers, was put into operation in 1938, bringing the 
total capacity of the station up to 167,700 kW, at which 
figure it remained throughout the war. In 1944, at 
the request of the Central Electricity Board, work 
was begun on the installation of two further 52,000-kW 
units, together with eight boilers and tmo cooling 





towers. On completion, there extencions will bring 
the capacity of Kearsley up to 271,700 kW, while the 
total generating capacity of the three stations operated 
by the company will be 354,825 kW. 

The present position with regard to the extensions at 
Kearsley, which we recently had an opportunity of 
inspecting, is that good progress has been made with 
the erection of the cooling towers and that the frame. 
works of the new boiler house, turbine room and 
switchhouse, which form prolongations of the or'g'nal 
structures, are nearing completion. On the other hand, 
the various items of plant are stil] under const: uction in 
the makers’ works. It may be mentioned, however, 
that the new coal-handling plant will consist of two side 
tipplers, two inclined belt conveyors, and two gravity- 
bucket conveyors, which will carry the coal from the 
sidings to the boiler house. This plant, which is being 
constructed by Messrs. Babcock and Wilcox, Limited, 
Farringdon-street, London, E.C.4, will be operated in 
conjunction with two automatic recording 30-ton 
weighbridges supplied by Messrs. W. and T. Avery, 
Limited, Soho Foundry, Birmingham, 40. The steam- 
rai ing plant will consist of eight single-pass high-head 
single-drum boilers, each of which wil] have a max mum 
output of 172,500 lb. of steam per hour at a pressure 
of 620 Ib. per square inch and a temperature of 820 deg. 
Fahr. 

An interesting feature of this part of the installa- 
tion will be that the furnaces will be fired by Detroit 
Rotograte spreader stokers, this being, it is under. 
stood, the first time that thee stokers have been 
employed in this country. Both boilers and stokers 
are being manufactured by Messrs. Babcock and Wil- 
cox. Four of the boilers are being equipped with 
Babcock flash-welded plain steel tube economisers and 
four with diamond-type steel tube economisers with 
cast-iron sleeves, manufactured by Messrs. E. Green 
and Son, Limited, Wakefield. The air heaters, which 
are being constructed by Messrs. Babcock and Wilcox, 
Limited, will be of the horizontal tubular type and will 
be arranged so that the gas flows outside and the air 
inside the tubes. Each boiler will be provided with two 
forced- and two induced-draught fans. The.e are being 
manufactured by Messrs. Davidson and Company, 
Limited, Belfast, and will be driven by constant-speed 
motors. The gases will exhaust through Pratt Daniel 
grit arresters into two brick chimneys. These will 
each be 325 ft. high with an internal diameter at the 
base of 22 ft. 8 in., and are being built by Messrs. P. C. 
Richardson and Company (Middlesbrough), Limited, 
Middlesbrough. The ashes will be handled by a mono- 
tail bucket system feeding two large-capacity hoppers, 
the contents of which will be removed by road. This 
part of the plant is being supplied by British Ropeway 
Engineering Company, Limited, and Drag Scraper and 
Engineering Company, Limited, 14, High Holborn, 
London, W.C.1. 

The generating plant will consist of two 52,000-kW 
units each comprising a 50,000-kW main turbo- 
alternator and a 2,00U-kW auxiliary alternator on the 
same shaft. Thee sets will be supplied with steam at a 
pressure of 600 Ib. per square inch and a temperature of 
600 deg. F., and will operate at a speed of 3,000 r.p.m. 
Three-phase current will be generated at a frequency of 
50 cycles per second, the voltages being 33 kV and 
3-3 kV in the case of the main and auxiliary alter- 
nators respectively. The turbines, which, like the 
alternators, are being constructed by the British 
Thomson-Houston Company, Limited, Rugby, will 
each exhaust into twin condensers with a cooling 
surface of 50,000 sq. ft. These condensers will be 
manufactured by Messrs. Worthington-Simpson, Limi- 
ted, Newark, and will be supplied with circulating water 
by two 60 per cent. duty constant-speed pumps which 
will be capable of delivering together 25,500 gallons per 
minute. There will be two 100 per cent. duty con- 
densate extraction pumps, and two. 100 per cent. 
duty three-stage steam-operated air ejectors. Both 
pumps and ejectors will also be supplied by Messrs. 
Worthington-Simpson, Limited. The cooling water 
from the condensers will be dealt with in two reinforced- 
concrete cooling towers, which have a diameter of 
208 ft. at pond level and be 290 ft. in height. As already 
mentioned, thee are nearing completion and are being 
constructed by Meisrs. Fred Mitchell and Son, Limited, 
City-road, Manchester, 15. 

The switchgear, which will be used for controlling 
the main and auxiliary machines and the works trans- 
formers, is being constructed by the British Thomson- 
Houston Company, Limited. The main switchgear 
will be of the cellular type and will consist of units 
with a rupturing capacity of 1,500 MVA. The ruptur- 
ing capacity of the switches on the distribution board 
will be 750 MVA. All switching will be carried out at 
33 kV. The necessary cables are being supplied by 
Messrs. British Insulated Callender’s Cables Limited, 
Norfolk House, Norfolk-street, London, W.C.2. 

The chief engineer and manager of the Lancashire 
Electric Power Company is Mr. M. H. Adams, 
M.I.Mech.E., to whom we are indebted for the above 
information. 
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2-6-4 TANK LOCOMOTIVE FOR 
NORTHERN IRELAND. 


Tae London Midland and Scottish Railway Com- 
pany have recently completed four new 2-6-4 type 
tank locomotives at the Derby works for service on 
the Northern Counties Committee system, the Irish 
section of the company. We are indebted to Mr. H. G. 
Ivatt, M.I.Mech.E., Chief Mechanical Engineer, for 
particulars of these locomotives, the design of which 
is based on Sir Henry Fowler’s 2-6-4 tank engine of 
1927, which was illustrated and described in Enct- 
NEERING, vol. 126, page 744 (1928). The Northern 
Counties Committee already have in service fifteen 
2-6-0 tender locomotives, which were also based on the 
design of Sir Henry Fowler’s tank engine and were 
designed in 1933. Apart from the alteration from 
tank to tender form, the gauge was altered to 5 ft. 3 in. 
to conform with the requirements of the N.C.C. and 
the diameter of the coupled wheels was increased from 
5 ft. 9 in. to 6 ft. The cylinders, connecting rods, 
valve gear and general frame design of the new tank 
locomotives are similar to those of the original de:ign 
and of the 2-6-0 tender engine. The boiler is similar 
to the original design, except that, due to the greater 
width between the frames, the firebox is 4 ft. 5} in. 
wide by 7 ft. 6 in. long (the original was 4 ft. 04 in. 
by 5 ft.). Thus, the boilers will be interchangeable 
with those of the 2-6-0 type. The grate area of all three 
types is 25 sq. ft. The diameter of the coupled wheels 
on the new locomotives is 6 ft., and the gauge is 5 ft. 3 in. 
Many parts will, therefore, be interchangeable with the 
2-6-0 type. 

The accompanying illustration shows the new 2-6-4 
tank locomotive. Compared with Sir Henry Fowler’s 
design, the trailing bogie is 6 in. closer to the rear 
coupled wheels and the water capacity has been in- 
creased from 2,000 to 2,500 gallons. There are two out- 
side cylinders measuring 19 in. by 26 in., the working 
pressure is 200 Ib. per square inch, the tractive effort, at 
85 per cent. boiler pressure, is 22,160 lb., and the weight 
in working order is 87 tons. The parallel boiler is fitted 
with a top feed. In accordaace with the latest LMS. 
practice, the following featmes of design have been 
added: a self-cleaning smokebox, a rocking firegrate 
and self-emptying ashpan, the cab is provided with 
side windows, and the upper part of the bunker is 
set inwards to allow clear vision for the driver when 
the engine is running in reverse; the steampipes to 
the cylinders are placed outside the frame and the 
smokebox saddle has been re-designed. The footplate 
at the front end, had been simplified, and this will 
facilitate the examination of pistons and valves. The 
departure from conventional appearance will be noted. 
A circular handwheel on the smokebox door, a Dread- 
nought-type vacuum-brake ejector, a Detroit sight- 
feed cylinder lubricator and cast number plates on 
the bunker sides have been incorporated to conform 








with N.C.C. practice. The engine is finished in the 
new L.MLS. livery of black with straw-coloured lining 
and maroon edging. 

The transport of the locomotives from Derby to 
Belfast preented a number of problems. After final 
assembly, the locomotives were partly dismantled 
into three main units: the frame, complete with boiler, 
cylinders and valve gear, the side tanks, and the 
bunker, each unit being ioaded on to a separate wagon. 
The first unit, which was 43 ft. 3 in long and weighed 
36 tons, could only be carried on one type of wagon, 
of which thete are six on the L.M.S. The sheer legs 
at Heysham are only 32 ft. wide at the base, but after 
some experiments with models it was found that the 
load could be slewed sufficiently to allow it to be passed 
through the legs for loading on to the L.M.S. cargo 
ship, Slieve Bloom. Seven common-uset wagons were 
employed to convey the remainder of the components, 
including coupled wheels, trailing bogie and leading 
truck, from Derby to Heysham. Off-loading at Belfast 
was simplified by the use of a 150-ton floating crane 
hired from Meisrs. Harland and Wolff, Limited, who 
al-o lent other lifting equipment used at Heysham and 
Belfast. On arrival at Belfast, the frame units were 
placed on the leading and trailing coupled wheels and 
hauled to the N.C.C. workshops for final reassembly. 
The first engine was delivered to Belfast on August 6, 
1946, the remainder following at fortnightly intervals. 





NICKEL Cast IRON IN CHEMICAL INDUSTRIES.— 
Messrs. The Mond Nickel Company, Limited, Grosvenor 
House, Park-lane, London, W.1, have sent us a copy of a 
new publication entitled ‘“‘ Ni-Resist in the Chemical 
and Allied Industries.” Particulars of the properties 
and characteristics of this alloy cast-iron, which contains 
about 14 per cent. of nickel, 6 per cent. of copper and 
2 per cent. of chromium, are given, and examples of its 
many applications are described and illustrated. 





ADVANCED COURSES IN ENGINEERING AT MANCHESTER. 
—tThe Regional Advisory Council for Technical and other 
forms of Further Education for Manchester and District 
have issued a pamphlet entitled “‘ Post-Advanced Lec- 
tures in Electrical and Mechanical Engineering for the 
Session 1946-47.” This gives particulars of evening 
courses at Manchester College of Technology on engineer- 
ing acoustics, high-voltage transmission, atomic physics 
and its engineering implications, auxiliary mechanical 
apparatus for steam power stations, influence of welding 
on engineering design, and modern developments in the 
mechanical transmission of power. Shorter notices of 
other post-advanced courses in engineering available at 
the technical colleges at Bolton, Crewe, Oldham, Salford, 
Stockport and Warrington are also given. Copies of the 
pamphlet are obtairable on application to the honorary 
secretary of the Council, Mr. W. O. Lester Smith, M.A., 
at the Education Offices, Deansgate, Manchester, 3. 


OIL AND NATURAL GAS IN ITALY. 


RECENT discussions between the Azienda Generale 
Italiana Petroli (A.G.I.P.) and the Standard Oil 
Company, of New Jersey, regarding the exploitation of 
the Italian oilfields between the Lodi-Piacenza-Parma 
districts, the Pietramala region (Florence), and the 
Ripi district (Rome), has revived interest in the possi- 
bility of restoring them to full production in view of 
the increasing importance of oil and petroleum pro- 
ducts in Italian economics. Because of the shortage 
of coal, the Italian State Railways are using oil-fired 
locomotives, and Italian industry is using oil-burning 
steam plants to an increasing extent. The question 
has also a political side, and the reported agreement 
between the Standard Oil Company and the A.G.I.P. 
has led to a controversy between the R'ght and Left 
parties in Italy, the latter being opposed to the partici- 
pation of foreign capital in oi] surveys on Italian terri- 
tory. While the oilfields in northern Italy have come 
through the war practically undamaged, those in central 
Italy (Pietramala and Ripi) were entirely destroyed by 
the German forces during their withdrawal to the north. 
Immediately after the war, the Societa Petroli d’Italia 
undertook the reconstruction of the Piacenza-Parma 
fields, which have now an output of about 1,500 tons 
monthly. The Societa Idrocarburi Nazionali, of 
Florence, took:in hand the Pietramala fields; but, 
owing to financial difficulties, the A.G.I.P. were unable 
to develop the Lodi and Ripi fields. The reported 
A.G.I.P.-Standard Oil Company agreement should 
enable these oil districts also to be developed. 

It should be noted, in connection with the Lodi 
oilfields, that, in 1939-40, when American geophysical 
experts visited Italy to train the A.G.I.P. personnel 
in the use of the seismic-reflection apparatus for oil 
detection, which had been obtained from the United 
States, surveys were begun at San Colombano and 
Casalpusterlengo, in the Lodi district. The first 
borings, through about 1,000 m. of Miocene structure, 
were unsuccessful. The A.G.I.P. experts suggested a 
deep borehole, down to 3,000 m., south of Lodi, but 
the Ministerial committee for the supervision of oil 
surveys refused to sanction the proposal and ordered a 
deep borehole to be drilled in the Podenzano district. 
Thus the Lodi region remained undeveloped until the 
end of 1942, when the chairman of the A.G.I.P. 
instructed Ingegnere Carminiani, an Italian oil ex- 
pert who had lived for many years in California, to 
investigate the matter. He did so, and submitted 
two reports. In the first, he recommended that, before 
the Lodi district was dismissed as unproductive, at 
least half a dozen trial wells should be sunk. In May, 
1944, when the unexpected results from Nos. 4 and 6 
wells at San Giorgio Piacentino justified the estimates 
made by Carminiani, ‘the A.G.I.P. commissioner 
authorised further drilling in the town of Lodi itself, 





where, at a depth of 1,342 m., gas was located. At 
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2,780 m., oil was found in a quantity estimated to be 
sufficient to ensure an output that would supply a 
large part of the Italian consumption. With the 
development of the war in northern Italy, the survey 
work was interrupted, and only during the past few 
months has the question been raised again through the 
above-mentioned agreement. At Ripi, the Azienda 
Generale Italiana Petroli restoration imme- 
diately after the liberation of Rome, and it is reported 
that the output is now up to 200 tons monthly. 

What may be the outcome of the agreement remains 
to be seen, in view of the opposition of the Italian 
Socialists and Communists, who maintain that the 
A.G.1.P. should not publish the technical data obtained 
about Italian oil resources, and that the Italian Govern- 
ment should not permit foreign capital to participate 
in the development of the oilfields. They justify this 
attitude by pointing out that foreign oil companies 
might purchase the oil rights in Italy with the object 
of preventing their exploitation, and that, if they did 
develop the fields, the profits would go out of the 
country. Avanti, the leading Socialist daily paper, 
supports this contention by asserting that American 
oi] companies bought oil rights in Venezuela but did 
not develop them. 

Dur'ng the Fascist regime, the Government created 
the Ente Nazionale Metano (State Methane Gas 
Corporation), which entrusted the exploitation of gas 
resources to pri¥ate firms, who were required to pay 
to the Government up to 50 per cent. of their earnings 
in return for the concession. This prevented a proper 
exploitation of the Italian natural-gas resources, as 
was pointed out in the report for 1945 of the Societa 
Idrocarburi Nazionali, of Florence, operating the Pietra- 
mala gas district. It should be noted that the Pietra- 
mala district is linked with the city of Florence by a 

pipeline, destroyed during the war, but imme- 
iately reconstructed. In Florence, the methane gas is 
used for heating purposes. There is a scheme to connect 
the Pietramala distr ct with Rome, where the methane 
gas would be distributed for heating and also used for 
urban transport purposes. In Northern Italy (Pied- 
mont, Lombardy, Emilia and Venita) the methane gas 
output increased by a third during 1945, showing that 
the natural gas resources have survived the ravages of 
war ; but the problem of the natural-gas resources is not 
yet solved. According to Italian gas engineers, the 
Padova-Rovigo-Ferrara district alone could give a 
yearly output of 10,000,000 cub. m. of gas. The present 
system of granting concessions through the Ente 
Nazionale Metano is disliked by private industrialists. 
The Government have realised that there is reason for 
their objections and have taken up the question of 
reorganisinz the Corporation, but so far no conclusion 
has been reached. It is interesting to note, however, 
that, a few weeks ago, it was announced that the 
Italian electric-cupply companies have been studying 
the possibility of employing methane as a substitute 
for coal in steam-electric plants. There is no doubt 
that, should this proposal materialise, it would mark 
the beginning of a new era in the exploitation of 
Ttalian natural-gas resources. 





MALAYAN RUBBER.—During August, 1946, ocean 
shipments of sheet and crepe rubber from Singapore and 
the Malayan Union totalled 76,154 tons, states the 
Malayan Government in London. Of this total, 33,161 
tons were sent to the United Kingdom and 28,986 tons 
to the United States. 





IMPORTATION OF FOREIGN Cars.—In a statement 
made in the House of Commons on October 15, Mr. 
Belcher, Parliamentary Secretary to the Board of Trade, 
said that no licences were being granted, at present, 
for the commercial importation of motor cars from any 
source. These restrictions were necessary for balance of 
payments reasons. 





WREXHAM ROYAL ORDNANCE FACTORY.—An agree- 
ment has been reached between the Board of Trade and 
British Celanese, Limited, and arrangements are now 
being completed under which 214 acres of the Marchwiel 
Royal Ordnance Factory site at Wrexham will be taken 
over by the company on a long-term lease for the exten- 
sion of their plastics and textile manufactures. It is hoped 
to commence limited production, and employ aboat 300 
operatives by the end of this year. 





NORTHAMPTON POLYTECHNIC, LONDON.—The pros- 
pectus of the part-time day and evening courses in 
epgineermg subjects ava.lable at Northampton Poly- 
technic, London, E.C.1, has come to hand recently. 
These courses are intended for students preparing 
for the London University degree in engineering, for 
National Certificate examinations in engineering, for 
certificates in engineering subjects awarded by the 
City and Guilds of London Institute, and for other 
examinations. Full particulars regarding time tables and 
fees are given, together with particulars of prizes, grants 





LABOUR NOTES. 


Appressine the 78th Annual Trades Union Con- 
gress, which opened at Brighton on Monday last, 
Mr. Charles Dukes, the President, declared that the 
100 per cent. union shop was a recognised objective 
of trade-union policy and organisation. It existed 
to-day, he said, in industries where unionisation was 
so strong that managements were constrained to 
recognise that the holding of a union card was a neces- 
sary condition of employment. It was logical and 
consistent to insist that where wages and conditions of 
employment were determined by union negotiations, 
the workers who benefited by such agreements must 
join the unions concerned in making them. 





In the ballot of the Amalgamated Engineering Union 
on the question of affiliation to the Confederation of 
Shipbuilding and ineering Unions, 112,133 members 
voted in favour of affiliation, and 12,898 against 
affiliation. Commenting upon the result, the writer of 
the ‘“‘ Editor's Notes” in the October issue of the 
union’s Journal says: “It must be led ‘as a 
satisfactory decision in view of the decided trend 
towards a stronger integration of trade-union organisa- 
tions and the development of a spirit of unity at the 
proper time. There are problems outstanding - and 
im ing in our group of industries, as well as in 
others, which make the policy of closer unity and 
structural integration a matter of c sense and 
politieal expediency. This union has never been 
opposed in principle to the existence of the Confedera- 
tion of Shipbuilding and Engineering Unions ; in view 
of the very large number of unions in the engineering 
and kindred trades . . . it would be foolish to deny 
the necessity of a body like the Confederation.” 








“We have had discussions,” the writer continues, 
‘** which have gone far to remove the practical organisa- 
tional difficulties that deterred us as a union from 
affiliation to the Confederation previously. In view 
of the decisive result of the ballot among our members, 
we are prepared to do our utmost to co-operate and 
help to make the Confederation the important and 
influential body that its constitution entitles it to 
become, and we are now in discussion with the Confeder- 
ation in order to finalise the necessary arrangements for 
our entrance into these closer relationships. We will 
add, as an expression of our aim and purpose, that we 
are encouraged to expect good results from our associa- 
tion with the Confederation by the fact that, historic- 
ally, such bodies have done good work in paving the 
way towards large scale amalgamations of kindred 
unions and, perhaps, in the near future, history will 
repeat itself in that way.” 





The membership of the Amalgamated Engineering 
Union was 773,321 at the end of Septem ber—an increase 
of 12,131 compared with the total at the end of August. 
There are 17,756 superannuated members—an increase 
of 359. During September 5,641 members were paid 
sick benefit—an increase of 184—and 1,741 unemploy- 
ment benefit—a decrease of 289. The total number of 
unemployed members was 4,906—a decrease of 296. 





Mr. Tanner states, in the October issue of the Amal- 
gamated Engineering Union’s Journal, that the National 
Engineering Joint Trades Movement is seeking a 
conference with the Engineering and Allied Employers’ 
National Federation regarding the rate of pay for work- 
people engaged in the factory manufacture of metal 
houses. An approach is also being made to the 
Minister of Supply, he reports, in the form of an 
expression of a desire on the part of the National 
Engineering Joint Trades Movement for consultation 
with the Government in any discussion that may take 
place regarding the iron and steel industry. 





The es of payment for work done during meal 
intervals was raised by the National Engineering Joint 
Trades Movement with the Engineering and Allied 
Employers’ National Federation, who replied, Mr. 
Tanner says, that they considered the point to be 
covered by Clause (c) of the Day Shift Section of the 
Overtime and Night Shift Agreement provided that 
an alternative meal hour can be taken within a range 
of time commencing one hour before the normal meal 
hour and expiring one hour afterwards. Machine 
minders called up to work through the meal hour while 
machines are kept running, and who are in a position 
to take a meal while watching the machines, will be 
paid time and a third for working through the meal 
hour, no question of any alternative meal hour arising 
in such cases. 





In the industries covered by the statistics regularly 


come into operation in the United Kingdom during 
August ‘resulted in an aggregate increase estimated at 
army y A 86,000/. in the weekly full-time wages 
of about 470,000 workpeople. The principal groups of 
workpeople affected were those employed in the vas 
industry, the iron and steel industry, tobacco manu. 
facture, the textile, bleaching, dyeing and finishing 
industry, agriculture in Northern Ireland, milk distriby. 
tion in England and Wales, leather goods manufacture 
bacon curing, the hosiery trade in Scotland (excluding 
the Hawick district), coopering, and the non-trading 
services of certain northern local authorities. 





Of the increase of 86,0001., about 48,5001. was the 
result of arrangements made by Joint Industrial 
Councils, or other joint standing bodies established by 
voluntary agreement; about 14,0001. resulted from 
the issue of statutory orders ; about 11,000I. resulted 
from the operation of cost-of-living sliding’ scales ; 
about 11,5001. was the result of direct negotiations 
between employers and workpeople or their represenia- 
tives; and about 1,000/. resulted from arbitration 
awards. 





The number of disputes leading to stoppages of work 
reported to the Department as beginning in August 
was 145. In addition, 23 stoppages which began 
before August were still in progress at the beginning of 
that month. The approximate number of persons 
involved during August in these 168 disputes, includ- 
ing workers thrown out of work at the establishments 
where the disputes occurred, is estimated at nearly 
43,000. The aggregate number of working days lost 
at the establishments concerned, during August, was 
167,000. Of the stoppages known to have been in 
progress at some time in August, the coal-mining 
industry accounted for 79, involving over 16,000 
workers and resulting in an aggregate loss of 35,000 
working days. 





Of the 145 stoppages which began in August, 19, 
directly involving 4,300 workers, arose out of demands 
for advances in wages; 46, directly involving 5,200 
workers, out of other wage questions; two, directly 
involving 200 workers, out of questions as to working 
hours ; 29, directly involving 6,800 workers, out of 
questions respecting the employment of particular 
classes or persons ; 43, directly involving 3,600 workers, 
out of other questions relating to working arrangements ; 
and six, directly involving 4,900 workers, out of ques- 
tions of trade-union principles. 





The Cotton Spinners’ and Manufacturers’ Association 
and the Federation of Master Cotton Spinners’ Associa- 
tions have agreed with a branch of the Amalgamated 
Engineering Union covering almost the whole of 
Lancashire that the total inclusive wage of skilled main- 
tenance mechanics in cotton mills shall be 6l. for a 48- 
hour week. The agreement provides that any future 
alterations in wages shall be the subject of negotiations 
between the parties. 


Sitting at Manchester last week, a joint sub-com- 
mittee representing the Federation of Master Cotton 
Spinners’ Associations, the Cotton Spinners’ and 
Manufacturers’ Association and the United Textile 
Workers’ Association, agreed to recommend the intro- 
duction of a five-day working week of 45 hours without 
any reduction of wages. The details of the agreement 
have still to be drafted, but the main points are that 
the shorter week is to be worked, Monday to Friday, 
in five days each of nine hours. There will be a 
compensatory increase on current piece prices and 
hourly rates; in effect, this will bring the weekly 
wages for 45 hours practically up to the level of the 
wages for 48 hours. 


Probably, the most important clause in the agree- 
ment which ended the strike of London catering 
employees is the first, in which the Hotels and Restau- 
rants’ Association formally ‘‘ recognises ” the National 
Union of General and Municipal Workers. There may 
be friction between unions when, under clause 4, the 
“* categories and grades of staff,” to be covered by the 
agreement come up for consideration. Clause 5 is as 
follows: ‘‘The Hotels and Restaurants’ Association 
recognises that if any employees in the categories or 
grades to be covered by this agreement are desirous 
of joining a union, the National Union of General and 
Municipal Workers is the appropriate union.” 





The report of Sir John Forster who was appointed 
by the Minister of Labour and National Service to 
inquire as to the causes of the unrest at Smithfield 
Market, was published last week as a White Paper. 
The principal causes of unrest, Sir John says, are differ- 
ential pay for the same work ; lack of opportunity for 
advancement; the problems of redundancy; and 





compiled by the Ministry of Labour and National 





and other matters of interest to intending students. 


Service, the changes in rates of wages reported to have 


mutual antipathy of the Transport and General Workers 
Union and the Guild of Clerks and Salesmen. 
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INDUSTRIAL ELEVATING TRUCK. 


MESSRS. DOUGLAS (KINGSWOOD), LIMITED, BRISTOL. 








INDUSTRIAL ELEVATING TRUCK. 


THE advantages of the stillage system of handling 
goods in factory workshops are now well known, but 
if the stillage can be lifted, transported to the desired 
location and subsequently raised to a height of nearly 
5 ft. without any man-handling, the scope of this 
system is considerably increased. The low-loading 
elevating truck illustrated in Figs. 1 and 2, on this page, 
and manufactured by Messrs. Douglas (Kingswood), 
Limited, Kingswood, Bristol, is claimed to possess 
these advantages, the load-carrying platform being 
capable of elevating a load of one ton to a height of 
4 ft. 8 in. The particulars of the motive unit and 
chassis on which the elevating platform is mounted 
were given in ENGINEERING, vol. 153, page 365 (1942), 
but may be briefly summarised. 

As may be seen from the illustrations, the chassis is 
carried on three wheels equipped with solid-rubber 
tyres. It is both driven and steered through the front 
wheel, which is mounted in a fork and can be turned 
through an angle of 180 deg. The mobility given 
by this arrangement is exceptionally good as, to 
reverse the truck, it is only necessary to turn the steer- 
ing wheel, and the radius of the turning circle is only 
7 ft. 7 in. when the truck is slewed round its back 
axle. Each rear wheel is fitted with an internal ex- 
panding-shoe brake operated by a pedal on the driving 
platform and, in addition, there is a hand brake 
operating on the engine transmission and inter- 
connected with the clutch. 

The motive unit is the Douglas horizontally-opposed 
twin-cylinder air-cooled side-valve engine, having a 
capacity of 596 cub. cm. and a maximum governed 
speed of 2,800 r.p.m. Transmission from the engine 
to the front wheel is through a clutch, and then to 
bevel wheels which transfer the power from the clutch 
shaft to a vertical shaft ing down the centre of the 
hollow front-fork pivot. This vertical shaft carries a 
spur wheel at its lower end which meshes with a similar 
spur wheel fixed to the upper end of a shaft running 
down the outside of one leg of the fork. A bevel pinion 
fixed to the lower end of this secon shaft meshes 
with a corresponding bevel wheel fixed to the front- 
wheel axle. It will be appreciated that, with this 
train of gears, the power can be transmitted to the front 
wheel regardless of the steering position. The steering 
movement is transmitted to the front wheel by a 
pinion fixed to the bottom of the steering column, the 
pinion meshing with a circular rack on the outside of 
the fork pivot. 

The elevating mechanism for the platform is located 
immediately to the rear of the motive unit. Two steel 
channel-section uprights, each bolted to its respective 
chassis side member by gusset plates, are bridged 
at the top by a cast-Duralumin cross-piece. A self- 
aligning ball bearing is fitted to the centre of the 
eross-piece which holds the upper end of a vertical, 
square-threaded steel shaft. A long sleeve nut is 
threaded over the shaft and is fixed to the forward 
end of the platform, while the lower end of the shaft is 
connected to a gearbox, which supplies the drive 
through a flexible-disc coupling. Rotation of the 
threaded shaft, which is reversible, causes the nut 
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to move along the thread and thereby impart upward 
or downward movement to the platform. The threaded 
shaft, with its attendant uprights, can be seen in Fig. 1, 
which shows the platform in its lowest position, while 
the nut can be seen in Fig. 2, which shows the platform 
at its maximum height. 

The drive to the gearbox is transmitted from the 
engine by sprockets and a single chain, the chain being 
kept at an even tension by a jockey pulley. A bevel 
pinion, integral with the driven sprocket and inside the 
gearbox, transfers the drive to two horizontal bevel 
wheels which revolve freely, but in opposite directions, 
round the lower end of the actuating screw. Between 
the bevel wheels is a dog-clutch sliding on splines formed 
in the lower end of the actuating screw which engages, 
according to its position, with corresponding dogs 
formed on the faces of the two bevel wheels. Raising 
or lowering the clutch from its neutral position engages 
it with either the upper or lower bevel wheel, thus trans- 
ferring the drive to the actuating screw and, in turn, to 
the platform. The dog clutch is actuated by a yoke 
connected, through a suitable linkage, to an operating 
lever situated on the near-side of the engine casing. 
This lever can be seen in Fig. 2. Damage to the elevat- 
ing mechanism is prevented by an automatic trip gear. 
Two sets of stops, an upper and a lower set, are secured 
to trip rods which are, in turn, connected to the dog- 
clutch actuating linkage. When the platform reaches 
either the maximum height or the normal travelling 
position, contact is made with the corresponding stops, 
which transfer the motion of the platform to the trip 
rods and subsequently to the clutch li , thus mov- 
ing the clutch to the neutral position. e stops can 
be adjusted, if desired, to vary the lift within the limit 
of 4 ft. 8 in. 

The platform, when elevated, is supported by two 
pairs of fabricated steel scissors members clearly shown 
in Fig. 2. These members are provided, at their 
forward ends, with forged eyes which turn about plain 
bearings fixed to the chassis and the underside of the 
platform, respectively, while the rear ends are equipped 
with forks carrying rollers which move along tracks 
formed on the underside of the platform and on the 
chassis side members. The scissors members rotate 
about a large roller bearing. The platform can be 
elevated to its maximum height in 20 seconds, while the 
normal travelling speed of the truck is 6 m.p.h., the 
petrol consumption at this speed being about one, or 
one and a half, gallons for eight hours’ use. The 
controls are easily operated, the hand controls being 
within the reach of the drive1’s hand, enabling the 
truck to be manceuvred in confined spaces with com- 
parative ease. 





INSTITUTION OF CHEMICAL ENGINEERS.—On the results 
of this year’s examination for associate-membership of 
the Institution of Chemical Engineers, at which 35 candi- 
dates of the 52 who presented themselves were successful, 
the William Macnab Medal has been awarded to Mr. B, J. 
Gee. The work of Mr. D. E. B. Greensmith was very 
highly commended. The Council have decided that the 
fee for the 1947 and subsequent examinations shall be 
increased to 51. 5s. 








Fie. 2. 


AIR TRANSPORT AND THE 
LONDON PLAN. 

Discusstne the subject of air transport at the 
British Association Conference on London Traffic and 
the London Plan, which was held at the Institution 
of Civil Engineers, on Thursday and Friday, Septem- 
ber 12 and 13, Mr. E. Colston Shepherd said there were 
at present two main airports—Heathrow (London Air- 
port) for long-distance lines and Northolt for home and 
European lines. Both were on the west side of London 
and, it was believed, there would have to be a third, 
probably in the east or south-east. London Airport 
would be ready for full use in five years’ time; and 
should be capable of landing one liner every six minutes. 
At peak hours, even in bad weather, traffic movement 
between London Airport and London should not be 
less than 2,000 people and 50 tons of freight an hour. 
It was expected that European traffic through London 
Airport and Northolt together would be 6,000 people 
in 1948 and 8,000 in 1951. The question was whether 
to trust to road transport alone for the conveyance of 
these passengers or to aim at railway links and, of the 
latter, whether main-line or underground lines should 
be constructed. 

As regards road transport, a coach journey from the 
West End to London Airport took 45 minutes, and to 
Northolt 40 minutes. These times would be greater as the 
trafficincreased, and there was no guarantee that the west- 
ern entry into London would be improved during the next 
five years. As regards raillinks, London Airport would 
require as many as three fast trains per hour, to provide 
which, over the Southern Railway, would probably 
involve doubling the line between Ashford and 
Barnes and the construction of a fly-over or other works 
at Clapham Junction, so as to give access to Victoria. 
An alternative, involving less disturbance to property, 
would be to widen the existing Piccadilly line from 
somewhere near South Harrow (for Northolt) and from 
Hounslow (for London Airport) to the junction of these 
two branches at Acton. This would enable the traffic 
from both air ports to be brought in a single stream to 
Earls Court, where contact could be made with other 
branches of the Underground system, as well as with 
one of the best freight-distributing points for some 
of the main-line railways. 

By far the best situation for a terminal, however, had 
been proposed to the Cabinet already and had been 
refused. This was the exhibition building at Earls 
Court, which would have allowed space for the offices 
of the operating companies, for passenger waiting 
rooms and assem bly halls, and for the handling of mails 
and freight. Near it a special Airways underground 
station could be provided, and, on the surface, space 
was available for loading road-transport vehicles. Com- 
munications with other parts of London by underground 
railway were good, and would presumably be eapable 
of amplification. It was, therefore, suggested that 
the refusal should be reviewed. 





UnrTeED Kinepom COPPER PRODUCTION.—Statistics 
issued by the British Non-Ferrous Metals Federation 
show that the output of copper rods, strips, sheet, tubes 
and other products totalled 21,363 tons in August. 
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ATOMIC STRUCTURE AND 
TRANSMUTATION.* 


THE first scientific approach towards exact know- 
ledge of the characteristic properties of atoms was 
provided by the kinetic theory of gases, in accordance 
with which the smallest chemical entities, that is, the 
atoms, behave like billiards balls of perfect elasticity. 
The chemist has long known that there is a large 
number of such atoms, which are distinguished by 
their chemical properties and also by different weights. 
Some idea of the: weight of an atom is obtained when 
it is remembered that 1 cub. cm. of air weighs about 
one milli e, and that it contains not less than 
54 trillion (= 54 x 10'*) atoms. Hydrogen, the lightest 
of all chemical elements, is 14} times lighter than air 
and consequently the weight of the hydrogen atom 
is less than the mean weight of the atoms of the air 
in the same ratio. As regards the size of an atom, 
that depends upon the conditions, the order of magni- 
tude of the diameter being about one Angstrém unit, 
or 10-* cm. 

New knowledge was obtained when probes were 
made to investigate the structure of the atom and it 
was found that electrons were suitable for this purpose, 
these particles being shot at the atom at a high speed 
and in the form of cathode rays. Lenard concluded 
from such experiments that the atoms were, to a great 
extent, hollow, and that they contained electrons, 
number of which increased with the atomic weight, 
but even in the case of the heaviest element (uranium) 
the number of such electrons is only 92. When it is 
recalled that the radius of an electron is only one 
ten-thousandth part of that of the atom itself, and 
further, that it is about 1,840 times lighter than the 
smallest atom, it will be realised that these electrons 
can neither occupy any appreciable space in the atom 
nor can they contribute by any appreciable extent to 
its total weight. 

Since an atom is electrically neutral when in the 
normal state, and yet contains the negatively charged 
electrons, there must be correspondingly large positive 
charges somewhere and, as might have been 
the seat of these positive charges is also the seat of the 
effective mass of the atom. More exact information 
was obtained when further probing methods were 
devised, and this time the «-rays of radioactive matter 
were used. These a-rays consist of the nuclei of helium 
(He) atoms, and as they are ejected at an immense 
speed in the disintegration process of radioactivity, 
they can be used as projectiles for the bombardment of 
atomic nuclei. The paths of these particles through a 
gas can be seen suddenly to change their direction in 
the same way that a billiards ball does when it strikes 
another. As a result of such “ dispersion” experi- 
ments, Rutherford concluded, in 1911, that the whole 
of the positive charge, as well as the whole of the mass, 
must be concentrated at the centre of the atom. The 
“ core,” or nucleus, was estimated to have a diameter 
of the same order of magnitude as the electron. The 
Rutherford model of the atom with a positively charged 
massive core and a number of electrons dis around 
it, was further developed by N. Bohr, who, in 1913, 
provided an exact account of the arrangement of the 
electrons. In accordance with the Bohr model, the 
electrons do not pervade the atomic space like a gas 
in which the molecules move about in any direction, 
but move in well-defined orbits. The picture of the 
structure of the atom thus resembles a kind of planet- 
ary system, with the difference that the electrons can 
only occupy paths which are definitely prescribed by 
rigid laws. The significance of these apparently arbi- 
trary states as defined by Bohr was that they at once 
provided an explanation for the spectral lines and 
consequently implied the laws of the spectra. It was 
much later, however, before a satisfactory explanation 
of Bohr’s postulates was reached, and that only when 
the existence of “‘ material-waves ” became known. 

If, now, it is desired to prepare a picture of the 
structure of an atom it will be found most helpful to 
proceed in two stages. Firstly, the number and arrange- 
ment of the electrons must be settled, that is, the con- 
stitution of the “electron shells,” from which the 
formation of the core can be derived, it being kept in 
mind that the total positive charge of the core must 
consist of the same number of units as there are electrons 
associated with the electron shells. The next stage is 
to consider the constitution of the core. The advantage 
of proceeding in this way is that the path followed is 
the same as that of the historical development. 

In what follows, an endeavour will be made to de. 
scribe the structure of the electronic shells of the atoms 
in their relationships to the different chemical elements 
and also to explain this structure. This can be done 





* Abridged translation of article by Professor Greina- 
cher, Berne, published in Schweizerische technische 
Zeitschrift of May 16, 1940, page 235. The physical data 


relative to the various atomic particles mentioned in the 
article may be found in ENGINEERING, vol. 160, page 
134 (1945), and vol. 156, pages 201 and 223 (1943). 


in a surprisingly satisfactory way by considering the 


various states in which the simplest of all atoms, that is 


the h atom, can exist. This atom contains the 
lightest of all atomic cores, viz., a single proton with a 
single electron circling round it. © radius of the 


orbit of the electron is determined by the Bohr condi- 
tion that the energy of this electron must have the 
smallest value as defined by the famous Planck elemen- 
tary quantum requirements, and accordingly, this 
electron possesses one quantum of . The radius 
of its orbit, and, therefore, the cocoate} ius of the 
atom, is consequently known to be 0-5285 A unit, and 
this result remarkably well with the value 
derived from the billiards ball model previously referred 
to. en electron, a . confined 
to this normal (or basic) i ; by acquiring energy 
from heat or light, for example, the pire Soc sA 
extended ; not gradually, however, but suddenly, in a 
jump, because the electron can only increase its energy 


in definite steps and each step must toa 
whole number of quantum units. The e tary 
energy unit numbers, 1, 2, 3, 4,... to 


quite definite Bohr orbits, the diameter ‘of which are 
related to the unit numbers by the series 1*, 2°, 
3, 4%, etc. The the quantum number n the 
greater the radius of the orbit. There is practically no 
upper limit for the quantum number 2, so that when 
n = 100, for example, the radius of the atom will be 


about 1 micron, or 10-* metre, and ly, such 
an “excited ” atom (if its space were fully occupied) 
would be easily visible under a microscope. In actual 


fact, however, the mutual action of atoms among them- 
selves would prevent any such extreme values for the 
radius to be reached—at least for any appreciable time. 
An electron will remain for only about one hundred- 
millionth of a second in an extended orbit and will then 
spring back to an orbit of smaller radius, with the 
emission of light to account for the reduced energy to 
which the smaller-orbit radius corresponds. The ap- 
pearance of light which is peda yp with orbits of 
extended radius can be expected only when the atoms 
cause little mutual interference and this fact accounts 
for the mysterious green spectrum line of the aurora 
borealis, which is a spectrum line of oxygen and cannot 
be observed under ordinary circumstances; it can 
appear only under the conditions which are found in the 
extremely rarified upper atmosphere. 

Just as is the case with planetary motion, so with 
the electrons, viz., they can move not only in circular 
orbits but also in elliptical ones, and here also the 
requirement applies that the electron energy must 
correspond to a whole number of quantum units. Now 
an elliptical motion may be regarded as a circular 
motion upon which is superposed an oscillatory straight- 
line motion ; that is to say, elliptical motion comprises 
not only circular energy but also radial energy along 
the major axis of the ellipse, and the total energy 
may be distributed in various ways between these two 
components. For example, suppose the total quantum 
number is 4, then either all 4 quantum units can be 
occupied in the circular motion and none in the radial 
motion, in which case the orbit will be a purely circular 
one, or 1, 2, or 3 units may be associated with the 
radial motion and, correspondingly, 3, 2, or 1 unit may 
be associated with the circular motion. The greater the 
number of quantum units which are associated with 
the radial motion, the more extended will be the 
elliptical path. It is not possible, however, for all 
4 units to be associated with the radial motion because 
that would imply as a possible condition that the 
path of the electron would cut through the core of the 
atom. In general, therefore, if the total number of 
energy units is , the possible number of electron 
orbits is (n — 1). 

The foregoing account of the electron orbits still does 
not account for all the possibilities : the planes of the 
orbits can have quite different situations in space. Of 
itself, however, this fact would have no particular 
significance because, from a physical point of view, no 
one direction in space is different from any other. 
Suppose an atom is brought into a magnetic field ; this 
will entirely alter the conditions, because an electron 
moving in an orbital path is an electric current and 
consequently will itself give rise to a magnetic field. 
The possible orbital directions may then be found from 
the following requirement : the orbital direction must 
be such that its projection on the plane of the magnetic 
field corresponds to a whole number of energy quantum 
units, the number 0 being included. If, for example, 
the energy of the radial path is 3, there will be three 
possible directions for the orbital planes for which the 
Enpestinn of the paths will correspond to a whole num- 

r of energy quantum units. In Fig. 1, opposite, are 
shown the various possibilities for a total quantum 
number n = 4, and it is to be observed that the result 
can be generalised as follows: if k denotes the number 
of ntum units associated with the radial motion, 
there will be (2k + 1) possible situations for the elec- 
tron paths; that is to say, (2k -+ 1) possible electron 
states. If now it be asked what is the total possible 





number of states for an electron which has a total of 








n quantum units of energy, reference to Fig. 1 willshow 
how this problem can be solved. Thus, ifm = 4 and of 
these four units, three are associated with the radia] 
motion, the number of possible states for the electron 
path is 2k+1=2x3+41=7, and this result js 
illustrated on the extreme right in Fig. 1. If all four 
units are associated with the circular path and none with 
the radial motion, then the number of possible electron 
paths is (2k + 1) = 2 x 0 + 1 and this result is i}Jus. 
trated on the extreme left in Fig. 1. Altogether, the 
number of possible electron states for n = 4 is therefore 
1+3+5+7=16= n*. The generalised expression 
for this result is . 
xT (2n — 1) = n* 


i.e., the sum of the odd number from n = 1 to n = n 


is n*, 

This simple result, however, requires a correction, 
since the doubling of the spectrum line as, for example, 
the well-known case of the split D-line of the sodium 
spectrum, indicates a doubling of the foregoing number 
n* and therefore gives the value 2n* for the total 
possible number of states. This is due to the fact that 
the electron has an energy of spin and, in consequence 
of such rotatory motion of the electric charge, it acts 
as a minute magnet. The rotatory axis, and conse. 


ly the magnetic axis, is again limited as regards 
possible number of positions which it may take up. 
Its only possible posi are the two illustrated in 


Fig. 2. Since foreach electronic orbit such a ‘‘ parallel ” 
and “anti-parallel” position is possible, the total 
possible number of electron states is 2n*, as already 
pointed out. 

Knowledge of the possible quantum conditions of 
the electrons is of fundamental importance for an 
explanation not only of the spectra of light, but also 
of X-rays. It is of special interest in the present 
discussion because it is possible in this way to reduce 
the problem of the structure of the atomic shells to a 
surprisingly simple form and to obtain a comprehensive 
survey of this structure. In the foregoing considera- 
tions it has been seen by reference to the simplest of 
all atomic structures, viz., hydrogen, what states are 
successively available for an atomic structure to 
assume, and it is now possible to consider the consti- 
tution of the atomic “shells.” The electrons of any 
one shell of an atom are all in the same quantum 
condition, even when the atom is entirely unexcited, 
that is, in its normal or basic state. The important 
Pauli “ exclusion” principle enacts that no individual 
electron can exist in the same quantum state as any 
other electron. If, then, the atoms are arranged in a 
series and in the order of increasing nuclear charge, and, 
consequently, increasing number of associated elec- 
trons, then each new electron must have a different 
quantum state. The atom of hydrogen with its basic 
quantum number n = 1 can exist in two successive 
electronic states when in its normal condition, these 
two states being distinguished by opposite electron 
spins (see left side of Fig. 2). In a helium (He) atom, 
which is associated normally with two electrons, the 
two conditions of opposite spin can exist simultaneously, 
as shown on the right in Fig. 2. For the quantum 
number n = 1 there cannot be more than two electron 
states. In the case of the atom of lithium (Li), which 
is associated normally with three electrons, the third 
electron must have the quantum number n = 2 and 
this means that it must occupy a separate electron 
shell. When more electrons enter the atom structure 
they will assume the corresponding remaining number 
of possible states which become available when n = 2. 
But, as has already been seen, when n = 2, there are 
only 2 x 2*=8 possible energy states, so that, if 
the second shell is occupied by eight electrons, any 
new electrons which arrive must become accommodated 
in a new (i.e., the third) electron shell. This third 
shell will then become available for a total of 2 x 3? = 
18 electrons. The successive electron shells so formed, 
starting from the innermost shell, are distinguished 
successively by the letters K, L, M, N, O, P and Q, 
and, from what has been said previously, these shells 
will be able to accommodate, respectively, 2, 8, 18, 32, 
ahd 50 electrons. 


Since the outermost electron shell determines both 
the optical and the chemical properties of the atom, 
it must be assumed that these properties will be 
periodically repeated when an electron initiates a new 
shell. This conclusion is, in fact, confirmed by the 
appearance of “hydrogen-like spectra,” which are 
associated with various elements and, in a more 
obvious way, by the Mendeléev periodic system for 
the chemical elements. At the same time, the con- 
stancy of the period number of eight elements associated 
with the Mendeléev Law does not agree with the 
increasing periodic number which is associated with 
the electronic accommodation of the successive shells 
of the atom, It is to be noted, however, that it has 
been tacitly assumed above that, before a new shell 
is initiated, the next previous shell has become occupied 
to its full capacity, and this is true as regards the K 
and L shells. The M shell, however, only becomes 
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normally filled as far as eight electrons, after which 
two new electrons will attach themselves to the N shell 
and, when this has occurred, the M shell again begins 
to assemble its full complement of electrons. This 

enomenon of the formation of sub-groups of electrons 
of which a group of eight is a particularly stable 
arrangement (i.e., a “rare gas” configuration) is again 
found in the formation of subsequent shells, and the 
sequence according to which the individual electron 
shells become filled is now fully known. A superb 
example of these relationships is provided by the rare 
earths. In the structure of these atoms, all the elec- 
trons come into the outer shell, that is, the O shell, 
so that, when viewed from the outside, the configuration 
alters very little, in consequence of which, the chemical 
characteristics, as is well known, are hardly distin- 
guishable one from another. 

It is seen, therefore, that the Bohr-atom model is 
capable of explaining in principle, as well as in respect 
of many details, the chemical properties of the elements 
as well as the light-emission characteristics, but it must 
not be concluded, on that account, that the Bohr 
model does, in fact, portray the actual structure of the 
atom. There were many reasons why it became neces- 
sary to assume the existence of “ material-waves ” 
instead of a structure of particles, and this required a 
different system of arrangement of the electronic 
charges of the atom. This aspect of the atomic 
structure is much more difficult to discuss and much 
less easily visualised and, therefore, will not be con- 
sidered any further here. 

Turning now to a consideration of the atomic core, 
the outstanding characteristic feature is its positive 
charge, which consists of the same number of positive 
units as the total number of electrons normally asso- 
ciated with the electronic shells of the atom. Since, 
however, each electron number corresponds to a definite 
and characteristic configuration and, consequently, to 
a corresponding chemical nature, the number of unit 
positive charges in the atomic core must determine 
the chemical nature of the element. The number is 
termed the “order” of the element in the periodic 
system. 

The question now arises what significance must be 
attached to the mass of the atomic core, that is to say, 
the atomic weight : do the same simple numerical rela- 
tionships hold here as for the electric charges? As a 
matter of fact, the principle of whole numbers applies 
here also. For oxygen, the atomic number is 16, for 
helium 4, for carbon 12, for nitrogen 14, and soon. This 
suggested to Prout, in 1815, that all elements are built 
up of hydrogen atoms as the basic units. Unfortunately 
for Prout’s theory, many of the atomic weights are not 
whole numbers, for example, chlorine (Cl) is 35-46; 
copper (Cu) is 63-57; mercury (Hg) is 200-6, and 
consequently this hypothesis had to be abandoned 
for the time being. In recent years, however, the view 
that atomic cores are all built up of hydrogen atomic 
nuclei, t.e., protons, has acquired a new aspect, and 
this occurred when atomic weights became no longer 
determined as chemical quantities, but as physical 
quantities, by means of the mas¢ suseibtamna. The 
principle of this method is as follows: an electron is 
abst from an atom, that is to say, an “‘ atomic 
ion ” is isolated and placed in an intense electric field, 
in consequence of which it attains a high velocity. 
It is then allowed to pass between the two charged 
plates of a condenser (Fig. 3), and in this way its path 
is deflected by an amount which depends upon its mass : 
the lighter the atom the greater will be the deflection. 


If, then, an atomic mixture, i.e., a mixture of atomic 
ions, is passed into the mass spectrograph and treated 
in this way, different atomic tracks will be followed, and 
if the atoms impinge on a photographic plate, a record 
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will be obtained of the amount by which the respective 
tracks have been bent from the original straight-line 
path. In this way a complete “ mass spectrum ”’ is 
obtained. This method was developed by Aston to a 
high degree of precision and it has been found that all 
chemical elements consist of a number of varieties— 
under certain conditions, more than 10. Thus, chemi- 
cally isolated elements form an “‘ element mixture” 
consisting of pure elements or isotopes, that is, atoms 
which have identical chemical properties but different 
atomic weights. The fact that the chemically deter- 

ined measurements of the atomic weights and weights 
of combination are always found to have the same 
constant values is accounted for by the constancy 
of the percentage of the isotopes in the ‘‘ element mix- 
ture’ under normal conditions, and it will be seen 
later that this can be explained on the basis of the 
stability of the individual isotopes, 

The most important result to which the mass spectro- 
graph has yet led is that weights of all the isotopes of 
an element, that is the “ mass value,” are always whole 
multiples of a basic unit. This result immediately 
brought the Prout hypothesis back into prominence 
in a new form, and it was only necessary to explain 
why it was that, for a given nucleus charge, different 
nucleus masses were possible. This appeared to 
suggest that the nucleus could contain protons and 
electrons simultaneously, so that the number of protons 
would account for the mass, and the difference between 
the number of protons and the number of electrons 
would account for the effective electric charge, but 
even then, the difficulty was not entirely eliminated. 
The discovery by Chadwick, in 1932, of the neutron 
was a great step forward. This particle is of the same 
weight as a proton but has no electric charge ; it can 
be considered as a hydrogen nucleus into which an 
electron has fallen. In common with the proton and 
the electron, it has the property of possessing rotatory 
energy or spin of the same amount as they have (one- 
half a basic unit), and although without any electric 
charge, the neutron has magnetic characteristics. 

If the atom nucleus is regarded as consisting of 

rotons and neutrons, this at once accounts for the 
fact that the mass is a whole number of basic units 
and consequently the atomic weights are also whole, 
numbers. Thus, all isotopes possess the same number 
of protons and are distinguished from one another by 
the number of neutrons in the core of the atom. The 
forces which hold the nucleus together are then not 
electric forces but are special “nucleus forces” and 
depend upon the attraction between the protons and 
the neutrons. A difficulty arises, however, due to the 
fact that a comparison of the atomic weights, as 
calculated from the component weights of the protons 
and neutrons and as measured by the mass spectro- 
graph, shows small discrepancies. This lack of pre- 
cision is not due to errors in the measurement of the 
individual quantities; the mass spectrograph has an 
accuracy of 0-001 per cent., and to-day, the numerical 
values of the component units of the atomic nuclei 
are known very accurately. Thus, the weight of a 
neutron is n = 1-00895, of a proton is p = 1-00813, 





and of an electron is e = 0-000543, when the weight 
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of the ox atom is taken as 16-000. The addition 
of the weights of the component units gives throughout 
a somewhat greater total than the actual atomic 
weight. There is thus a “ mass deficiency ” which is 
usually stated in thousandth parts of a unit. This 
puzzling difference, however, can be explained in an 
elegant fashion on the principle of the equibalance 
of mass and energy. To each quantity of energy E 
there corresponds a mass m, and associated with each 
mass m there is an amount of energy E such that, 


E = mc’ ergs, 


when m is in grammes and c = 3 x 10" cm. per second 
and is the velocity of light in open space. Since the 
quantity c has such a stupendous value, there will be 
associated with a given aa of energy a relatively 
insignificant change of mass. In the process of atomic 
nucleus structure, however, the energy involved is so 
immense that the corresponding change of mass cannot 
be assumed to be negligibly small, and in this way 
the mass deficit can be explained by the development 
of great heat. For example, the mass of a proton is 


m = 1-66 x 10-“ gm., 
and writing the foregoing energy-mass equation in 
the form 

AE= Ame ergs., 


then, for a “ mass deficit” Am = 34, m = 1-66 x 
10-7 gm., the corresponding energy of combination 
will be 

AE = 1-66 x 10-* x (3 x 10”) ergs, 


AE = 1-494 x 10-* erg. 


The mass deficit is particularly large for the structure 
of the helium atom, from which it follows that the 
nucleus of this atom must be particularly stable. That 
this is, in fact, the case is confirmed by the phenomenon 
that in radioactive ang a neither protons nor 
neutrons are emitted, but helium nuclei are (viz., the 
«-particles). The powerful binding forces of the helium 
nucleus, as well as the existence of a-rays, justify the 
assumption that it appears as a complete structural 
unit in the building up of all the individual elements of 
which the value of the mass is a multiple of 4. This 
is also indicated by the fact that such elements have no 
nuclear spin, as is also the case with the helium nucleus, 
and, consequently, no nuclear magnetism. It is, there- 
fore, now possible to affirm that all elements are built 
up of the same basic units, and it is also possible to 
calculate the energy changes which are involved in 
such processes. Further, it can be said that the reason 
for the limited number of elements found in nature 
(there are about 300) can be accounted for frem con- 
siderations of stability. Why the number of neutrons 
in stable atoms is never less than the number of protons 
and the two numbers are not greatly different from 
one another, and why the maximum core mass is reached 
with 92 protons and 146 neutrons (uranium) can only 
be surmised at present. 


(Zo be continued.) 


or 





OVERHEAD TRANSMISSION LINES: ERRATUM.—We 
regret that in a paragraph, on page 348, ante, referring toa 
pamphlet on overhead transmission lines, issued by the 
British Aluminium Company, Limited, Salisbury House, 
London Wall, E.C.2, a typographical error was not 
corrected. In the fourth line of the paragraph the 
words “ steel-cased ” aluminium conductors should, of 
course, have read “‘ steel-cored.” 
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AERONAUTICS. 
579,037. Landing Seaplanes at Sea. The Fairey 


Aviation Company, Limited, of Hayes, and M. Hilton, of 
Stanmore. (6 Figs.) August 23, 1938.—A parent ship 
tows a metallic net on which a seaplane can “land ” 
and to which it can be anchored by means of a hook. 
The invention permits the pilot of the seaplane to free his 
machine from the net without manual disengagement of 
the hook from the net, so that no one need descend on to 
the net. A towing raft 12 towed from the parent ship 
maintains, partly above and partly below the water level, 
a metallic net 13. The seaplane has twin floats 15 
between which is pivoted a Y-shaped shank. At the 
end of the shank a fluke 19 is pivoted on a pin 20. When 
not in use, the shank is swung upwards into a stowed 
position by a cable 23 which is attached to a lug on the 
shank 16. Within the shank 16 is a spring-urged bolt 





_ which normally fits into a notch in the fluke 19, preventing 
its rotation about the pivot pin 20. A cable 21 is 
attached to the other end of the bolt and is carried to the 
cockpit, where a lever mechanism enables the pilot to 
bring the bolt into or out of engagement with the notch, 
locking or unlocking the fluke 19 against rotation. The 
seaplane taxis up to the parent ship, and the pilot 
releases the shank by the cable 23 and lowers it until the 
fluke is at waterlevel. As the seaplane slowly approaches 
the metallic net 13, the fluke rides over and engages 
one of the transverse lines of the net 13. To release the 
seaplane, the pilot actuates the cable 21 to withdraw 
the bolt from the notch and the seaplane then lags behind 
the parent ship. The pilot then draws the hook into the 
stowed position by the cable 23 and is ready to take off. 
(Accepted July 22, 1946.) 


ELECTRICAL APPARATUS. 

579,635. Non-Ferrous Welding Electrode. Murex 
Welding Processes, Limited, of Waltham Cross, and E. C. 
Rollason, of Waltham Abbey. June 23, 1944.—The 
invention is a method by which non-ferrous welding 
electrodes are covered by a coating of flux. Usually a 
layer of an aqueous paste-like composition containing the 
flux and a binding agent is applied and the covered elec- 
trode is subsequently heated to a temperature of the order 
of 110 deg. C. to remove the water and leave a strong 
compact coating. Alternatively, the electrode is dipped 
in a bath of the molten flux maintained at a temperature 
of not less than 450 deg. C. In the invention, the follow- 
ing ingredients in finely-divided form are made into a 
paste with water. Sodium chloride, 25 to 50 parts by 
weight ; potassium chloride, 55 to 25 parts by weight ; 
lithium fluoride, 5 to 18 parts by weight ; sodium-alumi- 
nium fluoride (Na,AIF,), 5 to 20 parts by weight; and 
lithium chloride, 1 to 15 parts by weight. The lithium 
chloride functions as a low melting binding agent. The 
paste is applied to an aluminium electrode and heated to 
a temperature of 400 to 500 deg. C., which is below the 
melting point of the completely fused constituents. The 
period of heating is dependent on the amount of lithium 
chloride, the larger the amount of this substance the 
shorter being the time of heating, which varies between 
20 and 60 minutes. The mechanical strength of the 
sintered coating increases with increasing amounts of 
lithium chloride. The electrode is more compact than 
those made hitherto,in which the flux composition is 
merely dried without sintering. The coating also has a 
lower moisture content. Lithium chloride, which would 
otherwise present difficulties due to its hygroscopic nature, 
can be used since inthe sintering operation it reacts with 
other constituents of the coating and reducing its hygro- 
scopic character. It is possible to use flux ingredients 
which cannot readily be melted and applied in the 
molten condition. The high melting point constituents 


like extension which surrounds the end of the metal core 
of the electrode and shields the weld metal from atmo- 
spheric contamination. The risk of contamination of the 
flux, which occurs as a result of the action of a body of 
molten flux on the material of its container in the usual 
hot process, is avoided. (Accepted August 9, 1946.) 


FURNACE APPARATUS. 


579,311. Oil-Burning Furnace. Sir George Preece and 
S. R. Dight, of London. (2 Figs.) May 18, 1939.—The 
invention is a burner of the tray type for an oil-fired 
furnace. The circular combustion chamber 1 is lined 
with firebrick and has an inspection door 5. A partition 
plate 3 divides the chamber 1 from a lower chamber 2. 
In a circular aperture in the plate 3 is a tray burner 8. 
The upper surfaces of the plate 3 and the exposed portion 
of the tray 8 are covered by fireclay. The tray 8 has 
a central hole surrounded by an upstanding lip, and in the 
wall of the tray is a series of holes 11 through which the 
primary air for combustion passes. A deflector, consist- 
ing of an upper plate 12, spaced above and larger than 
the lip, deflecting vanes 13 and legs 14, rests on the lip. 
A rod 17 on the plate 12 engages a lever 19 which can be 
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operated by a pedal 20 on opening a door 21 in the lower 
chamber 2, to raise the deflector for removal or cleaning 
purposes. An external annular hollow compartment 22 
surrounds the combustion and lower chambers. One end 
of the compartment is open, and through this air passes 
round the chambers and into the lower chamber through 
an opening 25 in its wall. The combustion chamber and 
uptake are non-resonant with the compartment 22, and 
thus pulsation in the chamber and uptake is prevented. 
Oil fuel is led into the tray by straight pipes 26 connected 
to acommon supply line. Each pipe can be disconnected 
for insertion of a cleaning rod when required. Air 
entering the lower chamber 2 dividesinto two parts. One 
part enters the tray through the holes 11 while the other 
passes up through the deflector, at the top of which it is 
deflected to mix with the hot gases for the completion of 


combustion. (Accepted July 31, 1946.) 
MINING. 
579,189. Coal-Breaking Machine. W. H. Barker and 


Son, Engineers, Limited, of Stoke-on-Trent, and W. N. 
Barker, of Stoke-on-Trent. (1 Fig.) April 20, 1945.— 
The invention is a machine having a pick beam pivoted 
at a point between its ends and having picks at opposite 
sides ofits pivot. A table b sloping down to its discharge 
end is supported at this end by links c. At the receiving 
end the table is carried by a rotary shaft din brackets e 
on the bed, and in bearings f on the underside of the table. 
The portions of the shaft in the bearings f are eccentric, so 
that on rotation of the shaft the table is oscillated ver- 
tically and horizontally. The links ¢ give the discharge 














end of the table an upward movement, when the table 
is moved to the left. Above the table is mounted a pick 
beam h which is pivoted in brackets on the bed. The 
pivot is nearer the discharge end than the receiving end, 
and near the two ends the underside of the beam carries 
picks1,m. The beam is oscillated by a crank mechanism 
on the shaft d. At the discharge end of the machine, an 
adjustable barrier p is carried by side plates. In the 
table is a gap covered by a mesh r which leads to a dis- 
charge passage beneath the table. The coal is supplied 
to the receiving end of the table and is broken by the 
picks 1. The coal travels along the table because of its 
inclination and oscillation and is then broken by the 
picks m. The breaking continues until the coal can pass 





control the rate of fusion and help the formation of a cup- 
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Any coal already reduced to the desired size by the picks | 
passes from the table through the mesh r and the dis- 
charge passage. (Accepted July 25, 1946.) 


MISCELLANEOUS. 


579,187. Doorless Oven. H. Tonge, of Romford, 
(4 Figs.) January 6, 1945.—Ovens, for baking paint on 
vehicle bodies, which are open at both ends to permit the 
continuous passage of the bodies, lose much heat through 
the openings. The invention is an effective heat-sea] 
which does not obstruct the passage of articles into op 
out of such anoven. Each end of the oven 6 is provided 
with a plate 7 the profile of which corresponds to the CTrogs- 
sectional shape of the vehicle bodies to be treated. The 
plates 7 are of metal and are heat-insulated from the 
end walls of the oven by interposed sheets of asbestos 
millboard. The oven floor carries rails 9 for guiding 
the articles to be treated. The inner periphery of each 
Plate 7 has a continuous flange 10 extending into the oven 
entrance. On the outer face of each plate 7 is an air duc, 
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11 of rectangular section. A fan 13 on the top of the 
oven supplies filtered air through a delivery duct 14 
to the air ducts, and the air is discharged through slots 
across the open ends of the oven. The slots are arranged 
to face the centre line of the oven, and a blanket of air 
is produced parallel to the end opening of the oven, 
which isolates the hot air inside the oven from the outside 
atmosphere and acts as a heat seal. The effective size 
of the slots may be varied by adjustable plates 15 hay- 
ing inclined edges 16, which partly cover the slots and 
direct the blanket of air on to the outer face of the 
Plate 7, which deflects it parallel to the face. In use, the 
blanket of air which issues from the slots will usually be 
impinging on a vehicle body on its way into or out of the 
oven. (Accepted July 25, 1946.) 


579,252. Moller Bearing. Power Jets, Limited, of 
Whetstone, and D. N. Walker, of Whetstone, Leicester, 
(1 Fig.) July 30, 1943.—The bearing is designed to 
ensure cooling and lubrication of the working parts. 
Between the inner and outer races run the rollers 3 which 
are caged by a split cage 4, 5. In the cage are bores 4a, 
5a, leading to the roller cavities and to axial bores 3a 
in the rollers. The inclination of the bores 4a, 5a is 
such as to correspond with the direction of rotation of 
the cage, and the direction of air flow through the bearing. 
The outward openings of the bores 4a, 5a are formed to 














= 
CLM 


by TN 






ASS SWAY .) 


(679,252) 


afford a scoop and ejector effect to promote air flow 
through the rollers. The rollers 3 also have lubricant 
passages 3b leading from the bores 3a. Further pas- 
sages 4b, 5b are drilled in the cage having a similar shape 
and direction as the bores 3a, 4a, 5a. The bearing 
housing is supplied with a small blast of air which picks 
up lubricant and conveys it as a mist to the surfaces of 
the bearing. The air acts also as a coolant for the bearing, 
cooling the rollers while flowing through the bores 3a, 
4a, 5a and cooling the cage while flowing through the 





between the discharge end of the table and the barrier p. 


bores 4b, 5b. (Accepted July 29, 1946.) 
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TRANSITION CURVE TRIG- 
ONOMETRY: THE ELLIPSE. 
By F. T. Murray, A.M.Inst.C.E. 


A TRANSITION curve is one of which the radius, 
starting at infinity, decreases gradually over the 
whole of its length. When a transition joins a 
circle there are two conditions which must be 
fulfilled: (a) the radius of both curves must be 
identical at the point of junction; and (b) the 
two curves at that point must have a common 
tangent. These seem simple conditions to satisfy, 
but the difficulty in the past has been in the calcu- 
lation of the radius. In their attempts to attain 
purity, previous investigators have laid it down that 
as the radius of curvature of the transition is con- 
stantly diminishing it must approach the circle it 
joins from outside, and therefore the circle must be 
“shifted” inwards, or its radius decreased. This 
muddled reasoning has led the theory relating to 
the transition curve into a quagmire where it has 
remained bogged for fifty years. A transition curve 
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not being a circle, there is no irrefutable method of 
stating its radius in terms of a circle. It would 
appear, therefore, most sensible to calculate it in the 
manner that will prove most convenient and simple ; 
and that is by relating it to the unshifted circle. 
Let us analyse the structure of the transition 
curve. A straight line is a curve the radius of which 
is of infinite length. Any curve can be likened to a 
straight line that. has been broken into infinitely 
small pieces of equal length, still joined together in 
@ continuous chain, and then, while one end of the 
chain is left fixed, the other has been taken and 
moved out of its straight position gradually, without 
leaving any kink or sudden alteration of direction. 
A circle is such @ chain of unit tangents, each of 
which has been deflected an equal angle in relation 
to the one previous to it. In a transition, on the 
other hand, the angles which successive unit tangents 
are deflected from the ones preceding them are 
very small to begin with, but gradually increase 
over the whole length. Imagine such a chain of unit 
tangents being laid out with gradually increasing 
deflection angles from O, Fig. 1, the point of 
origin, until a point P is reached, at which the 
deflection angle has increased toi. From P onwards 
the remainder of the curve is set out with deflection 
angles each equal to i. It may be said of the curve 
thus laid out that at P a circle is joined to a transi- 
tion curve and that at that point: (a) the radius 
of the transition and the circle are the same; and 
(b) the transition and the circle have a common 
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onwards will depend on the size of the deflection 
angle i in relation to the length of the unit tangents. 
Let i be of such a size in relation to the length of 
the unit tangents that the circle which is formed is 
tangential to the original straight line (or base line) 
GW. Then it can be said of the diagram that at P 
@ transition has been joined accurately and truly 
to an unshifted circle; we may call such a circle 
the component circle of the transition at P. In 
Fig. 1 the circle A P D is the component circle of the 
transition O P at P. 

The total angle that any unit tangent bears to 
the original straight line (or base line) is the angle 
that the curve at that point has turned away from 
it. It is called the tangential angle or spiral angle 
of the curve at that point, and is designated by the 
symbol ¢. In Fig. 1, the angle J B W is the tan- 
gential angle of the transition O P at the point P. 
It will be noticed that the angle ACP at the 
centre of the component circle subtended by the 
arc AP is equal to the tangential angle ¢. This 
is an important point to remember. 

It is obvious that if the theory of “ shift” were 


Fig.3. 














Fig.4. 





their scale. Just as a circle is the same shape 
whatever its radius, so also two cubic parabolas or 
two lemniscates, respectively, if reduced to the 
same scale would be two exactly similar cubic 
parabolas or lemniscates as the case might be. 
The scale of a circular curve is stated in terms of 
the radius, and if the radius and central angle are 
known the whole curve can be solved with the aid 
of trigonometrical tables. For instance, in Fig. 3, 
FAPD, the component circle of the transition 
O P at P, is tangential to the base line G W at A. 
The deviation angle HIW = A =the central 
angle ACD. The tangential angle PBW = ¢= 
the angle’ AC P, which is subtended at the centre 
by the arc AP. By trigonometry, the length of 
any of the functions of the circular arc A P can be 
calculated in terms of the radius AC and the 
appropriate angular ratio of the angle ¢. (See 
Table I). 
TaBLe I. 


Ref. | 
to 
Fig. 3. 





Trigonometric 


Description Sym- 
Expression. 


of Function. bol. 





ax 


Radius 
AN X ordinate of circular arc 
Al Tangential dist. of ditto 
PN Y ordinate 
PI External distance 


AP Long chord of circular are 
AP Length of circular arc 


sin @ 
R tan @ 
R versin 
R external sec @ 


2 Rain > 


Rcire @ (é.¢., circular 
measure) 


> 2 Bee 


Defiection angle of ditto = 


PAN 2 














The transition O P, Fig. 3, has no central angle, 
but it. has the tangential angle PBW = ¢ in 
common with the arc AP, which is equal to the 
angle ACP subtended at the centre by the arc 
AP. Hence, if the lengths of the functions of the 
transition O P represented by the lines O A (“ move- 
ment ” of tangent point A of the component circle 
from O, the point of origin), O N (x ordinate), OI 
(tangential distance), O P (long chord), and OP 
(length of curve), are known, we can add them to 
the functions of the circular arc A P as additional 
functions of that are. We can reckon, then, that a 
transition is a function of the circle it joins; that 
is to say, for any given type of transition curve the 
ratio of the radius of the component circle to the 
length of any of its functions always remains the 
same for any given value of ¢. 

The functions of a circle are set out in trigono- 
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correct, the component circle would have only one 
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tangent J B. : 
The radius of the circle that is formed from P 





common tangent with the transition, namely, J B, 
the one passing through P at the junction of circle 
and transition. Its second tangent (G, W, in Fig. 2), 
would be parallel to the base line G W, but separated 
from it by a distance equal to the “ shift,” and the 
component circle would be based on that instead 
of on GW. At the point of origin O, there can be 
no “shift,” hence “ shift’ must increase progres- 
sively, and, therefore, every component circle must 
have a different base line. The radius of a circle 
cannot be calculated if only one tangent is given : 
at least two are needed. Surely it is better to have 
one of these two tangents a fixture so that the 
radius of every component circle may be calculated 


in relation to it. In other words, every component | R, 


circle should be based on the base line of the transi- 
tion, in which case the component circle would 
always coincide with the unshifted circle. This 
does not mean that the transition must undergo a 
change: it remains exactly as before. The radius 
as calculated will differ from that computed by 
established methods. In this connection it is worth 
bearing in mind that the reason for relating the 
radius of curvature of a transition to that of a circle 
is not merely to facilitate connecting that transition 
to a circle, but rather to provide a common standard 
of measurement by means of which all transitions, 
or different scales of the same transition, can be 
correctly joined to one another. 

Two curves of the same sort differ only as regards 


metrical tables as ratios to a radius = 1, in terms 
of the tangential angle ¢. They may be said 
to be the functions of the basic curve of the circle, 
and must be multiplied by the radius of any other 
circle of which it is desired to know the functions. 
The transition must also have a table of basic 
curve functions, computed in respect of points at 
intervals along its perimeter. The tangential angle 
¢, for each point, must be shown. As the radius is 
constantly changing, it is necessary to have in the 
table a column showing the radius at each point. 
The position of a point on a transition curve should 
be stated in terms of the tangential angle ¢, and 
the scale. If at a point on a transition, where the 
tangential angle is ¢, the radius is R, and at a point 
on another scale of the same transition, where the 
tangential angle is likewise ¢, the radius is 2 R, 
the scale of the latter curve is twice the scale of 
the former. 

Let the radius of the transition basic curve at 
any given point where the tangential angle is ¢ be 
If it is required to join the transition to a 
circular arc of radius R where the tangential angle, 
as before, is ¢, it is necessary to enlarge (or reduce) 
the basic curve to such a scale that the radius at 
the point where the tangential angle is ¢, instead 
of being R, will be R. In other words, all the 
functions of the basic curve as taken from the 


R 
tables must be multiplied by the scale coefficient R 


Any type of transition curve can be treated 
according to the writer’s methods; that is to say, 


an accurate table of functions can be prepared of 
the basic curve which will enable the transition to 


be enlarged or reduced to any stale, as required, 


according to what curve it is meant to join. The 


ellipse is not a satisfactory transition curve, on 
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account of its shape; its radius of curvature 
decreases too rapidly at its beginning and end, and 
too slowly at its centre. For the purposes of this, 
article, however, for which space is limited, it is a 
suitable example to use because, in the first place, 
most engineers are familiar with its leading proper- 
ties, and, secondly, ellipses of which the ratios of 
major to minor axes are different, being entirely 
distinct curves, we can use several types of transition 
with the minimum of description. 

In Fig. 4, page 409, AE is the quadrant of a 
circle, which we shall call the “‘ minor circle,” of 
radius R,, which is tangential to the line V W at A. 
Let Ry = 1. From E draw ED perpendicular to 
VW. AD=ED = 1.. Divide A D into ten equal 
parts, AG,, G, Gy, G, Gs, etc. Therefore, AG, = 
0:1, AG, = 0-2, AG, = 0-3, ete. At each point 
thus obtained set up a perpendicular, G, H,, 
G, H,, G,; H;, etc., cutting the circle at H,, H,, 
H;, etc. Join each point, H,, H,, H;, etc., to F, 
the centre of the minor circle. Let the angle at 
the centre, AF H,, be ¢o:, AFH, = ¢,,, AFH, 
= $o, ete., and let X, be the 2 ordinate of a 
point on the circular arc. 


Xo= Ro sin ¢o 
Xo,:= AG,= 0-1 = Rosin $o;= sin go; 
: ¢oi= 5° 44’ 21”. 

Xog= AG, = 0-2 = Rosin dog = 8in dog 
dca™ 11° 32’ 13”. 

Xos= AG, = 0-3 = Ro sin gos = sin dog 
dos = 17° 27 27”. 

Let Y = the y ordinate of a point on the circular 


arc. 
Y¥ = Ro vers $o (2) 
Y, = G, H, = Re vers $o, = vers 5°44’ 21” = 


(1) 


0-00501 

Y, = G, H, = Rg vers ¢coq = vers 11° 32’ 13” = 
s 0-02020 
Y, = G, H, = Rg vers $c, = vers 17° 27’ 27” = 
0-04606 
The tangential angle of the arc at each point is 
equal to the angle at the centre. 
= $03, etc., and let Xo be the 2 ordinate of a 

2 . major axis } 
In any ellipse, let the ratio minor axis © desig- 
nated by the symbol K, and call an ellipse of 
which the ratio of the major axis to the minor 
axis is 2 or 3, a K ratio 2 or a K ratio 3 ellipse, 
as the case may be. To draw a K ratio 2 ellipse 
make the base line B D (Fig. 4) equal to twice A D; 
divide B D into the same number of parts as A D 
was divided into, namely, 10, and at the points 
so obtained set up perpendiculars equal to the y 
ordinates of the 10 points on the circular are. The 
new points thus obtained will be on a K ratio 2 
ellipse. Y, the y ordinate of a point on the ellipse 
will be the same as the y ordinate of the corre- 

sponding point on the minor circle. 

Let X,= the z ordinate of a point on the ellipse ; 


then 
X,= K Rosin $0 (3) 


Let the tangential angle of a point on the ellipse 
be ¢,- Taking two points, P,, and P,, 4 ,, infinitely 
close to one another on the circumference of the 
minor circle, where the y ordinates are Y, and 
Y,+ respectively, and the z ordinates are X,, and 
X,, +1, the tangent of the angle of slope (or tangential 
angle) of the circular arc between the two points 
will be such that 

tan $o = Ynti— Yn 


Xn+i1—Xn 


Now let us consider the corresponding points on 
an ellipse. The y ordinates will be, as before, Y,, 
and Y,,,, but the z ordinates will be K X,, and 
KX,41, respectively. Therefore the tangent of 
the angle of the ellipse between the two points will 
be 


_ Ynt+i— Yn 
gh a K(Xn+1— Xn) 
tan ¢p = = $o (4) 





Let «, be the deflection angle from the tangent 
point of the minor circle to any point on the arc, 


that it would be a simple matter to calculate all the 
functions of an ellipse of any given K ratio and, 
once recorded in a table of basic curve functions, 


TRANSITION 


Co Circle H 
ellipse at P ed 
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ing point on the ellipse measured from its point of 





_ R $ ¢ 
_ s¥0 VOI Po _ c 
tan %& = Rosin $e $e = tan 
do 
tan — 
tenes Ro vers.do _ 2 (5) 


KRosing, K 
With these equations the value of ¢, and a, 
can be calculated for any desired point on the ellipse. 
Let R, be the radius of the ellipse at any point 
on it where its tangential angle is ¢,. The y ordinate 
for corresponding points on both the minor circle 
and the ellipse being the same 


Y = Rg vers ¢o = Rg vers dg 
Ro vers $o 


versd, | (6) 


Rz = 
This equation enables the radius of curvature 
to be calculated at any point on the ellipse. As an 
example, find the radius of curvature, tangential 
angle and deflection angle of an ellipse, the major 
axis of which is 7 and minor axis 3, at a point on 
it where the xz ordinate, measured from the minor 











axis, is 2-9. (See Fig. 5.) 
Let A = major axis, and a = minor axis. 
Lys a oF 
= os 2-333 
a 
Ro = a = 1 5 
Xz, = KReg sin ¢¢ (Equation (3)) 
2-9 
i = --——_———. = 0-829 
sin do 5-333 x 1b 0-8295 
do = 56° 03’. 
tan ¢o = 1-48536. 
1-48536 . 
tan ¢d, = 2-333 7 0-638 (Equation (4)) 
og = 32° 32’. 
$c 
an oe > 3 tan 28°-01f’ 00-5322 
et ee ee 
= 0-2283 (Equation (5)) 
ay = 12° 52’. 
rae? Ro vers ¢o i 1-5 x 0-44153 
vers dy 0- 15692 


= 4-22. (Equation (6)) 
Taking R, as 1, it is obvious from the above 





and let a, be the deflection angle of the correspond- 





they could be used as already explained. 
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Fig. 6 shows three ellipses having K ratios of 
1-5, 2-0 and 2-5, respectively, and their minor 
circle. The minor axis in each case is 2, therefore 
R,=1. Table II is a basic curve table for all 
three curves. 

TABLE II.—Basic Curve Table. 

Co-ordinates of Ellipses with K ratios 1-5, 2-0 and 2:5. 





X Ordinates. | 





| ¥ Ordinates 
All Ellipses. 
K=1°5 | K 2-0. K=2 | 

0-15 0-20 0-25 0-005 
0-30 0-40 0-50 0-020 
0-45 0-60 0-75 0-046 
0-60 0-80 1-00 0-083 
0-75 1-00 1-25 0-134 
0-90 | 1-20 1-50 0-200 
1-05 | 1-40 1-75 0-286 
1-20 | 1-60 2-00 0-400 
1-35 1-80 2-25 0-564 
1-50 2-00 2-50 1-000 


Let us calculate the basic curve radius of each 
ellipse at the point where ¢,— 45 deg. 








tan ¢, = K tan ¢, (Equation (4)) 
.*. tan ¢o = K tan 45° = K x 1-000 
.°. when K = 1-5, tan dp = 1-5 .-. d = 56° 19’ 
“! '5y) Km BO oo «6m 290 a. ,, me 68° 27’ 
K = 2-5 o» | = 2S > m= 68° 12’ 
R, = Rovers fo _, MO $c paustion (0) 
vers $, vers op 
_ vers do _ vers do 
~ vers 45° ~—« 2929 
- 0-4454 - 
.. when K=1°5 Rg = 073059 = 1-522 
0-5530 
=2 oo = — =” 
oy 0 673999 1-889 
0- 6286 
e 4 —_— + i D. 5 
a ae... = 0.3099 145 


We now have three transition basic curves the 
radii of which, at the points on them where ¢ = 
45 deg., are, respectively, 1-522, 1-889, and 2-145. 
Fig. 7 shows them placed in relation to one another, 
so that the points on them where ¢ = 45 deg. 
coincide at P. It will be noticed that although 
they have a common tangent at P, their radii 
are unequal, and they are all tangential to different 
base lines. In order to join these three transitions 
at the points on them where ¢ = 45 deg. to a circle 








of radius 2-0, for example, we must reduce them 
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to the correct scales by multiplying their basic 
garve functions by the siéle ‘coefficient + as 


follows :— 


7 R 2 
When K =1 5, hag 1-522 = 1-315 
2 
9° K = 2-0 » = 1-889 = 1-058 
2 
” K = 2 5 99 = 2-145 = 0 932 
The results are given in Table III. 


TaBLeE IIIl.—Co-ordinates of Ellipses with K Ratios 1-5, 
2-0 and 2-5. 

Reduced to Scales the Radius (Rg) of which is 2-0, 

when dg = 45 deg. 

















=1°5 K = 2-0, K = 2-5. 
Seale 1-315 Scale 1-058. Scale 0-932. 
Xz Y | Xz. | ¥ Xz. Y. 
U 

0-198 0-006 || 0-212 0-005 0-234 0-004 
0-304 0:026 || 0-424 0-022 0-466 0-018 
0-502 0-060 || 0-634 0-048 0-678 0-042 
0-738 6-110 0-846 0-088 0-932 0-078 
0-986 0-176 1-058 0-142 1-166 0-124 
1:184 0-262 1-270 0-212 1-398 0-186 
1-382 0-376 1:482 0-302 1-632 0-272 
1-578 0-526 1-604 0-424 1-864 0-374 
1-776 0-742 1-904 0-596 2-096 526 
1-974 1-314 2-120 1-058 2-330 0-932 

















It is usual to set out a transition curve from its 
point of origin on the base line. Hence, location 
of the point of origin is an essential preliminary to 
such work. If the position of N (Fig. 8), on the 
base line G W is known, the point of origin O can 
be found by measuring, along GW from N, the 
z ordinate (X,) of the point P. 


X, = K Rg sin $, (Equation (3)). 


Basic Curve. 
When K = 1-5, X_ = 1-5 x sin 56° 19’ 
= 1-5 x 0°8321 = 1-248 
» K=2-0, X, =2-0 x sin 68° 27’ 
= 2-0 x 0-8945 = 1-789 
» K=2-5, Xg = 2-5 x sin 68° 12’ 
= 2-5 x 0-9285 = 2-320. 
Reduced to Correct Scale. 
When K = 1-5, X_ = 1-248 x 1-315 = 1-64 
» K=2-0, X, = 1-789 x 1-058 = 1-89 
» K-=2-5, Xg = 2-320 x 0-932 = 2-16 


In Fig. 8, the three e ellipses are shown, together 
with a circle, through a point P where their 
radii are all equal to thet of the circle, namely, 
R,= 2-0. Furthermore, all the four curves are 
co-tangential at P; in each case the tangential 
angle is 45 deg. Consequently, the lower portion 
of any of the four curves can be joined to any of 
their upper portions at P, and the two portions so 
connected together will form a perfect curve. 
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The Design of Reinforced Concrete Structures. By PRoO- 
FESSOR DEAN PEABODY, JUNR. Second edition. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York, 16, U.S.A. [Price 5.50 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, London, 
W.C.2. [Price 33s. net.] 

NumERovs significant developments have taken 

place in reinforced-concrete design theory and 

practice since the publication, in 1936, of the first 
edition of this well known American text-book. 

Much attention and research has been directed to 

shrinkage, plastic flow and pre-stressing, to the 

analysis of continuous members and indeterminate 
frames, and to torsional stresses and torsional stiff- 
ness. At the same time, fundamentals such as 
design loads and stresses, shear, bond and anchorage 
of reinforcing bars have been reviewed in the light 
of experience and the results have been incorporated 
in several new national codes of practice. The 
second edition of Professor Peabody’s book aims to 
continue the objective of the first, and the original 
form has been largely retained. The text has been 
completely revised and enlarged, however, to cover 
all the developments enumerated above and now 
conforms generally to the 1941 Building Regulations 





for Reinforced Concrete of the American Concrete 
Institute ; regulations which have lately aroused 
considerable interest in this country. New articles 
on pre-stressed concrete, elastic-frame analysis and 
torsion are included, and there is a useful section on 
the design of formwork. Every chapter contains 
an unusually large number of fully detailed examples 
which, being illustrative of modern American prac- 
tice, provide a comprehensive basis for co; 

with the current methods of design used in Britain 
and other countries. Undoubtedly, these examples 
add greatly to the value of the work. 

While, at the present time, the “‘ straight line ” 
stress theory is still retained in most codes of practice 
as a general basis, many engineers hold the opinion 
that it will inevitably be superseded sooner or later 
by a plastic theory of design and that the transition 
stage from one to the other has, in fact, been entered. 
In some quarters, certainly, there has been a ten- 
dency recently to substitute for stress analysis due 
to loads, empirical equations based on tests to 
failure. A particularly noteworthy and unique 
feature of Professor Peabody’s book is that it pre- 
sents both the old and the new methods. The 
plastic theory adopted is that developed by Charles 
8. Whitney, and first published in the Proc. A.S.C.E., 
December, 1940. Professor Peabody has worked 
out his illustrative slab and beam problems by both 
methods, and thereby provides comparative results 
of exceptional interest to all reinforced-concrete 
designers. 

Another unusual feature is the attention given to 
costs. The author does not follow the misleading 
practice, often seen in design text-books, of applying 
the word “economical” to designs in which all 
materials are theoretically stressed to the limiting 
values, but rightly correlates it to ruling costs of 
concrete, steel and formwork. Sample cost com- 
parisons, based on American figures, are given for 
floor systems, columns, footings and retaining walls, 
and the author’s formule make interesting com- 
parison with those contained in recent British tech- 
nical papers ; for example, A. S. G *s Econo- 
mics of Multi-Storey Buildings (1.C.E. Structural 
Paper No. 13, May, 1945). The book is well pro- 
duced and is of a handy size for reference. It 
will amply repay careful study. 





To Be An Engineer. By LieutT.-CoLonet J. R. W. 
MURLAND, B.Sc. (Eng.), A.M.Inst.C.E. Methuen and 
Company, Limited, 36, Essex-street, London, W.C.2. 
[Price 78. 6d. net.] 

Tue author of this book makes it clear that by an 
“engineer” he means a professional engineer who 
has had a university training. Within this, defini- 
tion, the book is excellent, full of wisdom and sound 
common sense in addition to a mass of valuable 
factual information ; but its value to those who 
wish to be fully informed on the training of pro- 
fessional engineers is somewhat diminished by the 
author’s too severe criticism of the National Cer- 
tificate system and by the incompleteness of the 
information on National Certificate Schemes. He 
says: ‘“‘Many people have embarked on such a 
system of training, but singularly few have suc- 
ceeded in attaining their objectives, especially when 
these have included taking the External Degree 
examination” and, “As an expression of purely 
personal opinion,” he “‘ would never advise anyone 
to adopt this method unless it was absolutely un- 
avoidable.” National Certificate Schemes, of 
course, are not designed for those who take degree 
examinations at the same time. In recent years, 
part-time day release of apprentices has increased 
remarkably and many of the best firms now offer 
a training which has the advantage of week by week 
contact with engineering practice and manufacture, 
on the one hand, and, on the other, a substantial 
theoretical training at the neighbouring technical 
college, followed by higher specialist studies. These 
courses exist in considerable variety, but are ignored 
by the author. Again, there is no reference to the 
intensive courses provided at technical colleges for 
demobilised men, nor to the present congestion of 
the universities. The part-time course, of purely 
evening study, has made a valuable contribution 
to the training of professional engineers in the past, 
but its day is gone. For those likely to attain pro- 





fessional status, it has been largely replaced by a 





more liberal system of day-time release, which com- 
bines the advantages of contact with works practice 
and & temporary retreat from the pressure of works 
life. It would be a pity if prejudice, justified per- 
haps by the arduous life of an “ evening-trained 

»” were allowed to influence judgment of 
the modern part-time day courses, and it would be 
a disaster if those who enter such courses were to be 
denied equal opportunity for promotion to profes- 
sional status. In the references to the organisation 
of apprentice training, too, perhaps a little less than 
justice has been done to the work of the training and 
education officers of the large industrial firms. 
They are key men in engineering training, and should 
be consulted by those who need information or 
advice. 

The book is well planned and pleasing in format ; 
but it is unfortunate that the three diagrams are 
drawn to such an unsuitable scale that their impor- 
tant detail is hardly readable without a glass. If 
the considerable amount of information that the 
author does give had been completed by adding 
details of modern part-time day courses for Higher 
National Certificates, the book could be recom- 
mended unreservedly as a guide for those who have 
to choose their career or to advise others; as it is, 
it is an excellent work for those who have already 
decided to centre their training on a university 
course and who seek information on the various ways 
in which theoretical and practical training may be 
obtained, and experience gained. 





Factory Organisation and Management. By N. F. T. 
SAUNDERS, B.Sc. Second edition. Sir Isaac Pitman 
and Sons, Limited, Parker-street, London, W.C.2. 
{Price 10s. 6d. net.] 

Iy this second edition of his comprehensive survey 
of factory organisation and ment, Mr. 
Saunders has added a page or two on the Joint Pro- 
duction Committees set up during the war ; which, 
as he remarks, may achieve a certain degree of 
permanence, despite the fact that statements made 
about their usefulness by some politicians and 
industrialists created exaggerated ideas of the func- 
tions they can perform. Mr. Saunders thinks that 
the most important direction in which these com- 
mittees have really done some good is in ceaching 
the employees’ representatives “‘ that there is, after 
all, something in running a factory,” a lesson which 
may also be said to be the objective of this book. 

The range of subjects dealt with is, indeed, very 

wide, covering design and drawing-office practice, 

planning and tooling, control of materials and of 
output, budgetary control and costing, as well as the 
difficult subject of labour control. 

Since the first edition was published, the “‘ Britain 
Can Make It ” Exhibition at the Victoria and Albert 
Museum has focused attention on the importance of 
good design to the future of British industrial pro- 
duction. It is interesting to note that Mr. Saunders 
has given some attention to this subject in his chap- 
ter on design and development. His definition of 
“* functional design ” as design for maximum effici- 
ency in every part, nothing being done for the sake 
of appearance, may be open to criticism, as the indus- 
trial designer’s contribution springs essentially from 
an artistic appreciation of the subtleties of propor- 
tion. The discussion of the part that the designer 
should play in the factory organisation is none the 
less excellent, and the book deals in a common- 
sense way with the need for a tactful introduction 
of his influence into the factory. 





CALCULATING RULE FOR Lirts.—We have received 
from Messrs. Marryat and Scott, Limited, Wellington- 
road South, Hounslow, Middlesex, one of their calculating 
rules giving the shaft size, capacity and loading of 
lifts for various duties. The rule consists of a stout 
cardboard case perforated with ‘‘ windows” relative 
to plans of different types of lift. Inside the case is a 
cardboard slide printed with figures which appear in the 
windows when the slide is moved to appropriate positions 
for the different capacities. One side is set apart for 
passenger lifts, and the other for lifts handling goods, 
hospital equipment, motor cars and similar vehicles. 
The readings give the size of the lift shaft, load on walls, 
and similar information for a given capacity, etc. The 
rule may be obtained from the firm by practising archi- 
tects, consulting engineers and quantity surveyors. 
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ECONOMIC PROBLEMS IN SHIPPING 
AND SHIPBUILDING.* 
By H. B. Rosi Rowe tt, A.F.C., D.L. 


For the second time in its history, the Institution has 
elected as President the son of a former President. 
For the seventh time, the President has been connected 
with the company of which I have the honour to be 
chairman. The first of this “line ” of Presidents from 
R. and W. Hawthorn, Leslie and Company, Limited— 
Mr. F. C. Marshall—took office in 1888, four years after 
the foundation of the Institution, by which time he 

been connected with the original firm of Robert 
and William Hawthorn for 44 rs ; ‘so that it is now 
102 years since his connection with North-East Coast 
engineering began. I have, therefore, through my 
firm, some claim to being deeply rooted in the industries 
with which the Institution is particularly associated. 

I haye recently re-read with great interest the papers 
‘given by Mr. Marshall and the other past presidents 
to whom I have referred. Some of the points they made 
are well worth quoting. In 1888, for instance, we find 
that industry had just emerged from a serious slump— 
due to “ overbuilding,” “‘ overtrading ” and a “ conse- 
quent glutted market.” References were made to still 
further and greater depressions in shipbuilding in the 
addresses of 1922 and 1934. It had become obvious 
that shipping and shipbuilding had economic dangers 
that were both serious and intricate. The relations 
between employers and workmen were commonly 
teferred to in many of the addresses, the 1898 address 
being devoted wholly to that subject and the 1922 
extensively so, though the latter dealt more particu- 
larly with grave industrial disputes which had been 
occurring in the engineering industry. From the 
address of 1898 onwards, technical training was a 
common theme, and so was naval construction. It 
may astound younger members to learn that there was 
a time—before 1888—when North-East Coast engine 
builders could not be trusted by the Admiralty with the 
construction of warship machinery ! 

The period of the six presidents from my company 
was punctuated by the war of 1914-18. During two 
of these years my father was president, and in 1915 
he made the following prophetic statement: ‘“‘ Taking 
the most favourable assumption that victory comes to 
us and our allies, the relative position of this country 
and her competitors after the conclusion of peace will 
not necessarily be to our advantage. We shall go 
into the commercial arena with labour costs much 
higher than at any time in our history, and probably 
at a great disadvantage from the point of view of 
delivery and internal industrial troubles; while 
Belgium, Germany and Austria, in throes of industrial 
starvation, and with favourable labour conditions 
from the po of view of competition, will set to work 
more methodically and resolutely than ever to recover 
their positions in the markets of the world.” That 
prognostication proved all too true, and to-day history 
is showing an unpleasant tendency to repeat itself. 

Of these presidents, the first two seem to have 
lived in a different world from the remaining four. The 
tremendous progress of the Nineteenth Century, which 
had placed this country in the industrial forefront of 
the world, had not spent itself. Individual enterprise 
and adventure were the rule. Depressions of trade 
there had been, but their exact significance was not 
understood. International competition in shipbuilding 
and marine engineering was practically non-existent. 
There seemed little need to raise the standard of scienti- 
fic and technical education of the country, and the steps 
taken towards that end by the early leaders of this 
Institution, like Mr. Macshall (whose address refers to 
the desirability of a chair of naval architecture at the 
Durham College of Science and also the provision of a 
local ship-model experiment tank) were probably 
prompted as much from the natural aspiration of 
professional engineers towards improvement in their 
products as by any serious anticipation that their yards 
and works might be outclassed by those of foreign 
competitors. The attitude to workmen was still semi- 
feudal, yet labour was comparatively content because 
wages in shipbuilding and marine engineering were 
relatively high; but the relationship between em- 
ployers and workmen was obviously c ing by the 
end of the century, as can be inferred from Sir Benjamin 
Browne’s address of 1898, in which he went to the 
length of advocating a form of co-partnership as a 
means of bringing the two parties closer together. 

The period 1900-1914, though not represented by 
any of my “line” of presidents, must be referred to, 
for it was characterised by conditions as new as the 
century that it introduced. Education, general and 
technical, rapidly advanced. The importance of the 
education of apprentices became more fully recognised, 

and the Institution made its contribution towards this 
progressive trend by a scheme for apprentice training 





* Presidential address to the North-East Coast Insti- 
tution of Engineers and Shipbuilders, delivered at 


and advancement which was largely adopted on the 
North-East Coast, to the benefit of both employer 
and employee. A more scientific approach to technical 
problems also gained rapid ground with the establish- 
ment of the Froude tank at the National Physical 
Laboratory. Ship design improved, too, through the 
co-operation of the British classification societies. In 
marine engineering, the most epoch-making events 
were the practical emergence of the marine steam tur- 
bine and early development of the Diesel engine, Keen 
competition from builders on the Continent now faced 
British shipbuilders. A severe slump led to talk of 
the “ trade cycle ”»—sometimes considered analytically, 
but more often as a mysterious ghost that must ever 
haunt our industries. 

These conditions prevailed until just prior to the 
1914-18 war, which brought to an end what I should 
like to call the First Economic Age during the lifetime 
of this Institution. The years from 1914 to the end 
of 1918 presented conditions so unusual that neither 
industrialists, statesmen, politicians nor economists 
seem to have understood them. The world had had 
no experience of such a war, and few countries can 
have given less consideration than ours to the subse- 
quent upset to normal commercial and industrial 
affairs. The national danger led to hasty bargains 
which were little to the advantage of this country. 
The Second Economic Age was upon us with its 
greater complexities and perplexities. It is no wonder 
that, by 1922, depression had re-appeared in our 
industry. In his address of that year, Sir Archibald 
Ross referred to the demoralising effect of war work : 
“We lived for six years taking no thought for the 
morrow.” We struggled through the direst period in 
our industrial history until approaching 1939, when the 
war with Germany was resumed. Lessons from the 
earlier war were advantageously applied. The develop- 
ment of science bore rich fruit, aided by the out- 
standing pogers spirit of the whole nation—a spirit 
written off as non-existent by the enemy, yet surely 
the most important single factor productive of victory. 

Probably at no period during the history of our ship- 
building and engineering industry have there been as 
many changes as in the past seven years. Recent 
records of output make it clear that the methods of 
bygone days are of little use to-day, but we still have 
to find the direction in which further developments 
will take us. Ever since the inception of shipyards 
and marine engine works, plant equipment and methods 
have undergone periodical evolutionary changes, but 
in view of the large demands and developments of 
recent years, our establishments are now, in many 
cases, unrecognisable to those who have known them 
well in the not distant past. These changes have been 
achieved, in most cases, within the confines of the 
original sites, acquired to cope with the construction 
of the types of ships and marine engines of almost a 
century ago; yet we see around us many up-to-date 
efficient enterprises of long-standing reputation. 

Two world wars have had the effect of making ships, 
warships and merchantmen alike, weapons of primary 
importance. I do not think it would be an exaggeration 
to assert that at least half a century’s development and 
production have been telescoped into these two inten- 
sive war periods. During the 1914-18 war, the advent 
of pneumatic riveting, together with the straight-line 
form of ships with angled bilge and triangular stern, 
was widely and advantageously developed, but the 
peace that followed brought with it many differing 
views from the economic angle. The straight-line ship 
soon disappeared and many establishments of standing 
reverted, on economic grounds, to the older methods 
of hand riveting. So again to-day, each one of us has, 
according to the needs of his special output, in varying 
degrees changed his methods. Perhaps by far the 
most extensive development has been the increasing 
use of electric welding. Originally used for purposes of 
repairs, it has developed so rapidly, under the guidance 
of the metallurgist, that it has caused greater changes, 
not only in the design of ships, but in the whole plant, 
cranage and machinery, than any other single factor. 
It is no exaggeration to say that, on this score alone, 
complete remodelling of many shipyards and shops is 
taking place by degrees to ensure that economy may 
go hand in hand with development. 

What has been the effect of all this development 
upon production ? Our retiring president, Sir Summers 

unter, in one of his addresses, gave a record of the 
gross tonnage of merchant ships built in the North-East 
Coast district during the war period. It is unfortunate 
that comparable figures are not available in the case 
of warship construction, since a number of shipyards 
were almost entirely confined to the building of such 
vessels, It would appear that no complete record will 
ever be issued for public perusal, but the list comprises 
no fewer than 48 Kistinet types of warships, and while, 
of some of the largest units, only small numbers were 
built, other types were required in very great quantity. 
Naval vessels numbering 675 in all were built, and over 
11,000 were repaired on the North-East Coast. 
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over, but the call for development in ship design js 
perpetually with us. There can be in peace-time ship. 
building no reproduction of pre-war models, as is the 
case in some other fields of manufacture, for ours is a 
rapidly changing industry and yesterday’s wonder ship 
may be to-day’s museum piece. The present trend 
in ship-design shows clear evidence of an increasing 
competition between nations (and, indeed, between one 
shipowner and another) for higher service speeds, 
This applies in the case of intermediate cargo and 
passenger ships, and in the cargo ships of special trades, 
The increased demand for fruit and meat-ca) rying 
tonnage,,under new conditions of air cooling for chilled 
and refrigerated cargoes, has, in itself, a close link with 
duration of voyage. Greater attention is being paid 
to the care of cargoes of all kinds, and cargo air-con. 
ditioning systems are becoming increasingly in demand, 
as are faster and quieter cargo-handling appliances, 
Greater safety and comfort are being provided for 
officers and crew, while few shipowners are prepared 
to accept designs which have not some modern charac. 
teristic or smartness in appearance. Arrangement and 
design are capable of many alternatives, but these 
alternatives seem small by comparison with the choice 
of propelling machinery now offered. 

If I may be allowed to place the gas turbine into the 
realm of the near future, we may include the range of 
steam turbines of varying degrees of pressure and 
superheat, associated with single-reduction and double- 
reduction gearing, or, alternatively, driving through 
electrical gearing. There are many types of Diesel 
machinery, either direct-coupled to the propeller shaft, 
or driving through mechanical gear, or through electrical 
ratio-reduction devices ; or, again, numbers of small 
Diesel prime-movers, each driving alternators, with 
motors on the propeller shafts ; and yet the list would 
be incomplete without the steam reciprocating engine. 

There is at present a considerable swing in favour of 
Diesel machinery of all types; and while, in years 
gone by, it was the practice of only certain firms to 
specialise in Diesel machinery, the construction of these 
engines may now be called the order of the day. The 
demand for this type of machinery in the quantity 
that is sought at the present time has created no small 
problem for the production engineer, more particularly 
since much of the auxiliary machinery also is Diesel- 
driven. This change is significant for a country which 
formerly had coal for its largest basic product. It is 
disturbing to note that, apart from a few colliers and 
small craft, virtually no deep-sea ships of any import- 
ance are being equipped to burn coal. Furthermore, 
there is at the present moment considerable activity 
in converting existing coal-burning vessels to oil firing. 
The nation may well ask itself, ‘‘ What has happened to 
our heritage?” Is this state of affairs temporary or 
permanent? And the world may ask “‘ How long 
will the oil last ? ” 

To-day, in addition to our own particular job, we 
have to get through an apparently endless number of 
Government forms and regulations. Although the 
number of recognised civil servants increases daily, we 
are now all becoming, in part, unpaid and overworked 
civilservants. Indeed, the ever greater amount of non- 
productive work is a serious menace to output. 

The task ahead of us calls for an increasing number 
of persons with a sound technical background to their 
training, as well as for those who specialise in particular 
branches, appreciating the importance of establishing 
a happy Aa between practical and theoretical 
application. If, in the past, too much emphasis was 
laid on the former, we must to-day guard against any 
tendency to lose sight of the sound experience of the 
workshop. The youth of to-day shows a tendency to 
turn from the heavy industiies, and it is up to us to 
afford greater opportunity in shipbuilding and marine 
engineering in order to attract the requisite numbers of 
suitable young men. The latest demands of military 
service, unfortunately, interfere greatly with training. 
It is to be hoped that a more enlightened system will be 
devised, whereby—even if compulsory military service 
be necessary—it will be possible for these young men 
to finish their apprenticeship or training beforehand. 
he question of education is as urgent as any we may 
tackle; though we may improve our works and trade 
out of all knowledge, unless we leave good blood in the 
industry it will fall behind in competition with other 
countries. Our comparatively higher standard ofliving 
may be an immense asset in itself, but, from the com- 
mercial and competitive point of view, it is a definite 
handicap ; to maintain our increasing standard, it is 
imperative that production should rise correspondingly. 
I have referred to what I termed two economic 
ages. I believe we are to-day entering upon a third 
age, differing from all those preceding it. There are 
some who may call it the ‘‘ Atomic Age,” and I do not 
suppose there is anyone who does not fearit. Scientific 
knowledge seems to have progressed so rapidly as to 
have outstripped our moral values and ability to use it 
wisely. Yet, if we discharge faithfully our stewardship 
to humanity, this era may well rank as the most 








Newcastle-on-Tyne, on October 18, 1946. Abridged. 





The urgent call for ships for actual warfare is now 


progressive in the history of mankind. 
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PRESIDENTIAL ADDRESS TO THE 
INSTITUTION OF MECHANICAL 
ENGINEERS.* 


By O. V. 8. Butierp, M.I.Mech.E. 


Iw the early days of railways, the locomotives were 
purchased from outside builders, and the railway 
company was content to operate them and to allow 
them to be maintained by the bu'lder. Before long, 
this arrangement was found unsatisfactory and loco- 
motive superintendents were appointed, with respon- 
sibility for the operation and maintenance of the loco- 
motives. In order that the repairs could be done 
economically, the necessary machine tools and other 
equipment were provided gradually, and it was soon 
appreciated that this equipment was equally suited to 
manufacturing new locomotives. New locomotives 
were, in due course, designed and built by the railway 
companies, and the main reason for this was the 
inability of the railways to obtain all the new loco- 
motives they required and at the times they needed 
them. It has, however, been the practice of the rail- 
ways to order substantial proportions of their require- 
ments from the trade, and the fact that the railways 
were able to manufacture has tended to keep prices 
to reasonable figures. The development and expansion 
of the railway workshops followed normal lines, with 
the gradual building up of drawing offices and other 
technical services, until to-day the locomotive works 
of the railway companies bear comparison with any 
other engineering workshops engaged on comparable 
work, 

Just as the Stockton and Darlington Railway was 
the result of the marriage of engineering ability in the 
person of George Stephenson with the handmaid of 
industry, “‘ finance,” represented by Edward Pease, 
so this happy alliance has continued to prove its value 
by producing our existing railway system, to which 
we owe a major part of the immense improvement in 
the well-being of the people of this and other countries. 

Each year, the chief mechanical engineer of the 
Southern Railway Company, like his colleagues on the 
other main-line railways, is asked to sign a certificate 
worded as follows :— 


CERTIFICATE RESPECTING THE ROLLING STOOK, ETC. 


I hereby certify that the whole of the Company’s 
Plant, Engines, Tenders, Carriages, Wagons, Road 
Vehicles, Machinery and Tools, under my charge 





* Delivered at the Institution, Storey’s-gate, London, 
S.W.1, on Friday, October 18, 1946. Abridged. 
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have, during the past year, 

been maintained in good 

working condition and 
repair. 

The form of words indi- 
cates that the responsibility 
for keeping the company’s 
locomotives, carriages, wa- 
gons, and road vehicles in 
good repair and in safe 
working condition is placed 
upon ‘the chief mechanical 
engineer. This certificate 
is a statutory requirement 
and must be signed before the accounts can be passed 
by the auditors. Professionally, the implications of 
such a certificate are highly important. If, for reasons 
outside his control, the stock could not be maintained 
to the standard the chief mechanical engineer considered 
necessary, he could not sign a certificate in the form 
quoted. He should require an amended form of certi- 
ficate to be prepared, worded in such a way as would 
meet his objections. This has been recognised during 
World War II, the present certificate being worded as 
follows :— 

CertTiFIcaTE RESPECTING THE ROLLING STocK, ETc. 


I hereby certify that the whole of the Company’s 
Plant, Engines, Tenders, Carriages, Wagons, Machi- 
nery and Tools, under my. charge, have, during the 
past year, been maintained in good working condi- 
tion and repair so far as has been possible having 
regard to the requirements of the Government and 
to the effect of the War. 

While the chief mechanical engineer must profit 
from all developments in other fields of mechanical 
engineering affecting rolling-stock design, he has to be 
convinced that all changes made will be of lasting 
value, for the life of rolling stock is long, and his is 
the responsibility for looking after it in service. Further, 
complete reliability throughout each journey is de- 
manded, in so far as it can be achieved, because the 
dislocation in traffic on our congested railways, resulting 
from breakdown has consequences out of all perspective 
to the cost of repair. These reagons explain an apparent 
tendency to conservatism in design, and a comparative 
reluctance to adopt new ideas. 

The rolling stock of the Southern Railway at 
January 1, 1946,:included 1,847 locomotives. The 
total tractive effort of the locomotives was 38,407,026 
lb. ; and their total weight amounted to 115,307 tons. 
There were 80 classes of locomotives, and the oldest 
locomotive now at work was built in 1872, 74 years 
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ago. In addition to the locomotives there were 8,068 
carriages, 36,538 wagons, and 2,619 road vehicles. 

The major responsibilities of the chief mechanical 
engineer are to keep in service the largest possible 
percentage of the stock of locomotives, and to see 
that, while in service, the locomotives require as little 
attention as possible and that no defects occur that 
would affect their time-keeping while working trains. 
His ability to achieve this depends upon the quality of 
the staff and equipment at his disposal. The staff 
employed in the Chief Mechanical Engineer’s Depart- 
ment of the Southern Railway number in all 10,158, 
exclusive of administration staff. They are distributed 
as shown in Table I, herewith. The rates of pay and 


TABLE I.—Staff of the Chief Mechanical Engi "8 
Department, Southern Railway. 
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Skilled ..| 2,265 | 453 | 1,828] 477 86 46 
Unskilled| 1,708 749 1,803 524 170 49 
Total. .| 3,973 | 1,202 | 3,631 | 1001 256 | 95) 














conditions of service of the staff are based upon awards 
of the Industrial Court, modified during the war by 
direct agreements between the railway companies and 
the trade unions covering such matters as war-time 
supplements and dilution. Conciliation and negotiating 
machinery is available through local works and shop 
committees and ultimately through the Railway Shop- 
men’s Council, upon which all the railways and all the 
more important trade unions are represented. No 
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less than 36 trade unions, covering most trades, are 
represented in the workshops. 

The main locomotive works of the Southern Railway 
Company, which are employed on the building of new 
locomotives and the repair of existing stock, are located 
at Eastleigh, Ashford, and Brighton. The size of the 
locomotive works will be appreciated by figures given 
in Table II. To deal with the day-to-day attention 


TABLE II.—The Locomotive Works of the Southern 
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| Total Area, Roofed Area, | » . 
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Ashford ..| 18-8 516 1,532 
Brighton... 9-2 6-8 733 
Eastleigh in 41-2 | 10-9 1,927 
Total .. 69-2 22-86 4,192 








required and to carry out certain light repairs, running 
sheds or depots with repair staff are also provided at 
34 points, the number of engines they deal with varying 
from 135 to 7; they employ a total repair staff of 
1,230. 

Taking an average week’s figures, 5 per cent. of the 
total number of locomotives stopped are in the main 
works, and 10 per cent. in the running sheds ; that is, 
15 per cent. are not available for service. The analysis 
cf the work required on the 5 per cent. stopped in the 
works indicates the major directions in which improve- 
ments in detail design, materials of construction, and 
manufacturing procedure are required. Likewise, a 
similar analysis of the 10 per cent. stopped in the 
running sheds is a pointer to the particular details 
which should receive attention if availability is to be 
increased. If we examine the engines dealt with at 
the main works, we find that 40 per cent. were taken 
out of traffic because of defects in boilers, and 60 per 
cent. because of defects in engines and running gear. 
The man-hours spent on each general repair average 
5,000, of which 1,250 are spent on boiler work, and 
3,750 on the rest of the locomotive and tender. 

The proportion (10 per cent.) of engines not available 
for service at running sheds represents those under 
examination and under repair. This is a serious reduc- 
tion in availability. As regards expenditure on main- 
tenance, when the large number of depots over which 
the stopped engines are distributed, and the number of 
repair staff employed in them are considered, its 
effect is to increase such costs very greatly. The 
periodical examinations of locomotives in running 
sheds are determined by the time interval which 
experience has shown a particular component will run 
normally without risk of failure in traffic. The fact 
that the examinations are necessary should be taken 
as an indication of the need for improvement in design 
or material, because each examination means the loss 
of the engine from traffic and the unprofitable expen- 
diture of man-hours. 

Failures in service in the case of locomotives are 
defined on the Southern Railway as (a) an engine which 
has to come off its train owing to any mechanical or 
boiler defect, even if no delay is caused, or (b) an engine 
which, from mechanical or boiler defect, causes a delay 
to its train of 10 minutes or over. In 1938, the average 


mileage run per failure so defined was 131,264, the total 
number of failures being 353. Their source was 
distributed ‘as shown in Table ITI. 
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ure is high, the total number 
of failures means the loss of 
353 engines to the operating department for a shorter or 
longer period. Each failure isinvestigated with respect to 
design, materials, and workmanship as the contributory 
cause. The way the locomotive was handled in service, 
and when and why and how it was last repaired at ashed, 
are also considered. It is often difficult to decide the true 
cause of certain failures owing to the destruction of the 
evidence by the failure, but when persistent defects 
are recorded, and when a painstaking investigation 
has been made, the design or material of the part 
concerned must bealtered. 


TABLE III.—Analysis of Engine Failures. 
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Total ‘ 34 353 | 100 

When it is remembered that the figures quoted and 
the observations I have made follow from many years 
of sustained effort to obtain better results, it will inevit- 
ably be suggested that the accepted methods of design 
or construction cannot be expected to give substan- 
tially better results: that is to say, the results were 
as good as could be expected with the designs, 
materials, finish, and methods of operation which were 
used. Consequently, if we are to reach the higher 
level of achievement in continuity of service, which is 
now required, a new conception of the steam loco- 
motive is also needed. Such thoughts caused us to 
question accepted ideas and forced us to investigate 
the locomotive as regards (1) design, (2) use, and 
(3) servicing. The very age of the steam locomotive 
has acted against its further development, for its bad 
features have come to be accepted as inherent and 
inevitable. It is these bad features which enable 
other forms of traction to compete with it, and conse- 
quently such features must be eliminated if the steam 
locomotive is to survive. Our investigations soon 
satisfied us that there was room for improvement under 
all three heads. Some of the directions in which 
these ean be effected are as follows. 

The locomotive boiler, while a wonderful evaporator 
of water, is troublesome to maintain. The origin of 
the trouble lies in the water used. The scale deposited 
(Fig. 1, page 413), is the chief cause for which the loco- 
motives are taken out of service, as the boilers require 
washing out about once in every ten days. Apart 
from the other difficulties, this scale and dirt. prejudice 
the use of feed-water heating, owing to the difficulty 
of keeping the equipment clean. The use of coal, 
especially inferior grades, also causes loss of service, 
because the fires have to be cleaned frequently and this 
reduces the time throughout which the engine can be 
operated continuously, and thus lessens its availability. 
As the mechanical parts cannot be relied upon to run 
from one general overhaul to the next, they have to be 
examined after relatively short mileages. Figs. 2 and 3, 
page 413, show the wear in tyres and in the rings of 
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pistons and piston valves. Fig. 3 shows a new piston 
ring of a “Schools” class engine with a worn ring 
beside it after a mileage of 26,000. The new and worm 

iston-valve rings are those of a “‘Q.1” class engine. 

he preparation of the locomotive for service is difficult 
and takes too long. The locomotives ought to be more 
convenient and comfortable, cleaner, and less fatiguing 
to drive. Fig. 4, on this page, illustrates the accumu. 
lated grime on outside motion, as contrasted with the 
cleanliness of the enclosed drive of the ‘“ Merchant 
Navy ”’ locomotives (Fig. 5) after 100,000 miles service. 
The influence of dirt on the wear of axleboxes is shown 
in Figs. 6 and 7, on page 420. The disposal of the 
locomotive after service also left much to be desired, 
and the practice of letting the boiler cool and relighting 
it at short intervals was pot only wasteful of fuel, 
but actually harmful to the boiler. 

Before the recent war, the general lines on which the 
problem should be attacked had become clear. The. 
whole of the water used by the locomotives throughout 
the railway system would have to be treated, otherwise 
the benefits obtained from the treated water would be 
lost by the admixture of untreated water. The effect 
of corrosion on the firebox plates, due to unsuitable 
feed water, is illustrated in Figs. 8 and 9, on page 420, 
and the effect on roof stays and water-space stays, 
respectively, after 420,000 miles service, is shown in 
Figs. 10 and 11, on the same page. Boilers would 
have to be fitted with blow-down equipment. Hot- 
water exchange plants would have to be generally used 
in conjunction with shed equipment so that the boilers 
of engines ready for service would be maintdined in 
steam at about 125 1b. per square inch. This would also 
enable engines to be moved under their own steam 
toa suitable road outside the actual building for 
lighting up the fire; thereby enabling the building 
to be fitted with doors, which could be closed and 
consequently provide a much more congenial atmos- 
phere in which to carry out examination and repair. 
Washing out the boilers would have to be made a much 
easier job, and more attention be given to the layout 
of the pressure mains in the sheds, to economise labour. 

Hand firing of large coal would have to give place 
gradually to firing by mechanical stoker, to relieve the 
fireman of the manual labour entailed, to enable a 
wider source of supply of fuel to be made available, to 
obviate limitation on steam production which the physi- 
gal capacity of the fireman imposes, and so allow greater 
power to be developed by the locomotives. The 
locomotives ought to incorporate rocking and dump 
grates with hopper ashpans, the former to keep the fire 
clean en route and the latter to facilitate the disposal 
of ash at the running shed. Improved coaling plants, 
watering equipment, and ash-handling arrangements 
would have to be provided to expedite these operations. 
We even looked forward to the locomotives being 
refuelled during station stops. 

Oil fuel has many advantages, such as greater con- 
venience, the longer distances that can be run without 
refuelling, and above all, the absence of sparks, cinders, 
ash, and smoke. In consequence of the drop in coal 
production, 1,217 of the railway companies’ locomotives 
are to be converted to oil burning as quickly as possible. 
The fuel oil which is to be used is a heavy oil known as 
‘* bunker C,”’ and so far has not been used successfully 
in compression-ignition engines 
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Much greater mileages per day were required from 
the locomotive, and this means _a marked reduction in 
the time lost in preparing them, taking fuel and water, 
cleaning fires, dealing with ashes, etc. The preparation 
of the engines, inchiding oiling, ought to be transferred 
to shed staff specially trained for such duties, so that 
the fullest use might be made of the enginemen to drive 
trains.; .When we came to consider the design of the 
locomotives, we found there was room for development 
in the boiler and in the rest of the machine if we were 
to improve it as regards reliability, availability, and 
efficiency. 

The ** Merchant Navy ”’ class locomotives, the first 
to be built after these investigations were begun, 
jntroduced certain innovations into English practice. 
A large amount of research work had to be done on 
weld radiography, on the stfess set up in welding, 
their removal or reduction te acceptable limits which 
had to be determined, and on the training and classifi- 
cation of welders, before the further developments 
incorporated in the boilers, frames, etc., of the ‘‘ West 
Country ” engines could be permitted. As an example 
of the change in materials and methods of construction, 
Figs. 12 and 13, on page 420, show the inner fireboxes 
of the ‘* Q.1 ”’ class (copper) and the ‘* West Country ” 
class (steel), respectively. The satisfactory perform- 
ance of the latter engines in service confirms the sound- 
ness of the arguments on which the changes were made. 

These engines are to be regarded not as final designs, 
but rather as stages in locomotive development. A 
wide range of research work is in hand. The more 
interesting investigations are those being carried out 
into new modes of stay-to-plate fixing, with the objects 
of speed and economy in manufacture and longer life 
in service by prevention of seepage and plate cracking ; 
photo-elastic stress surveys of axles, with special 
reference to the use of internal fillets as a means of 
reducing bearing pressure by extending the bearing 
surface to the full width of the journal ; and the effect 
of heat input and mechanical restraint upon welds in 
heat-sensitive steels, with the object of eliminating tyre 
slip in tyres applied by shrinking-on only and without 
fastenings of any of the known designs. 

Ingenuity and expertness in locomotive design has 
become of even greate1 importance to-day because of the 
great increases in costs of manufacture, operation, and 
maintenance, following the increases in wages and cost 
of material of construction and fuel, which have taken 
place in recent years. The increase in manufacturing 
wages rates is at least 65 per cent., and if we are cautious 
and think that the working week may be reduced to 
40 hours without loss of earnings, then the increase we 
shall encounter will be 94 per cent. Materials of con- 
struction have increased in cost by 70 per cent. and, 
when the effect of shorter working hours is felt, the 
increase may well reach 100 per cent. above pre-war 
levels. The fortnight’s holiday with pay represents 
a loss of output of 4 per cent., and, in plants working 
day and night shifts, will require improved manufac- 
turing organisation and methods, or an increase in 
equipment, to compensate for the loss of output. We 
are faced in our workshops with a position requiring 
revolutionary changes in methods, approach, and out- 
look. In spite of the obvious difficulties, the quality 
of our mechanical engineers will enable them to be 
overcome, . 

The time has come when the training of apprentices 
has to be given more attention. Apprentice craft 
schools are showing their worth. The instruction of 
the apprentice must not limit itself to a knowledge of 
the craft for which he is intended, but must aim at 
developing in him an appreciation of what is required 
in other crafta. We have to see that the craftsmen 
not only know their craft but are also trained to be a 
credit to it. We must, in fact, make the men craft- 
conscious and imbue them with a proper sense of their 
dignity. We must cultivate that pride in doing a good 
job which brings with it the elimination of wasted time 
and materials. The ideal of the mechanical engineer 
in industry is that of high weekly earnings for the men 
with a low labour cost per item produced. This 
involves the appreciation by the craftsmen of the 
dignity of labour and a reluctance to use their labour in 
work which can be done by machine. 

Limitation of output arising from fear of shortage 
of work must be eliminated. Experience shows that 
this can be achieved by arranging for the output of 
the works to be programmed ahead over as long a 
period as possible, and taking care to see that the 
programme is known and understood by the workmen. 
Proper development of the Works Production Com- 
mittees will also be found helpful. The men must be 
given opportunities to obtain a better understanding 
of workshop costs, machine costs, etc., in order to learn 
the disastrous effects of idle time, and of the misuse of 
skilled and even unskilled labour. Proposals are 
before us for the better training of foremen in miany 
aspects of management; and with the increasing 
complexity of Governmental requirements there ia a 
real need for such instruction. The need for highly 
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too, more thought and care must be given to their 
training. The managers and their Assistants appreciate 
that they must take every advantage of improvements 
in manufacturing equipment and processes, and in 
organising progressive production: the demands on 
these hard-pressed members of the staff are forever 
growing. 

In the case of the locomotive, the cost that matters 
is the cost per loaded train-mile. The principal items 
of cost for constructing, maintaining, and operating 
steam locomotives are interest on capital, provision for 
renewals, repairs, operating wages (drivers and firemen), 
and fuel and water. 

The attainment of greater availability by develop- 
ment in design; by improved shed equipment, and by 
the better operating methods made possible thereby, 
would reduce interest on capital by spreading the charge 
over a greater number of loaded train-miles ; reduce 
the provision ni for renewal for the same reason, 
locomotives being Wihtrewn from service only because 
of obsolescence, and not because of non-repairable wear 
and tear; reduce repairs by the use of materials giving 
longer service life, by improved manufacturing pro- 
cesses, by producing methods to reduce the cost of 
the work by reduction in waste of labour and materials, 
by better organisation, and, above all, by the elimina- 
tion of running repairs; reduce the incidence of 
operating wages by increasing the available capacity for 
loaded train-miles per driver’s hour; reduce fuel and 
water cost, both by increasing the loaded train-miles 
between each occasion of lighting up and disposal, and 
also by reducing the standing time for servicing the 
engine; and reduce the cost of maintenance by re- 
organisation and re-equipment of the depots to meet 
the revised needs. 

It may be remarked that, when considering alter- 
native forms of power, the increased interest and 
renewal charges due to the-great increase in the first 
cost of the new rolling stock and the capital expenditure 
on fixed installations can only be met by reducing fuel 
and water costs and maintenance expenditure, no saving 
in operating wages being possible as a general rule. 

What sort of locomotive may we expect to see, if it 
is to meet the majority of our future requirements ? 
It is reasonable to expect it to satisfy the following, 
demands and to include the following new features. 
The locomotive should be built so as to be able to run 
over the majority of the company’s lines; to be 
capable of working all classes of trains up to s 
of 90 m.p.h.; to have its whole weight available for 
braking and the highest possible percentage thereof for 
adhesion ; to be equally suitable for running in both 
directions without turning, with unobstructed look-out ; 
to be ready for service at short notice; to be almost 
continuously available; to be suitable for complete 
“common use”; to run not less than 100,000 miles 
between general overhauls, with little or no attention 
at the running sheds; to cause minimum wear and 
tear to the track ; and to use substantially less fuel and 
water per drawbar horse-power developed. 

It should incorporate a boiler of new design from 
which stay and tube trouble has been eliminated ; 
high steam pressure, to enable reduced cylinder dimen- 
sions to be used, and new design of cylinders with small 
clearance volume; feed-water treatment by equip- 
ment on the locomotive itself; feed-water heating by 
exhaust steam; all moving parts enclosed and con- 
tinuously lubricated; all axleboxes with roller bearings ; 
remote control, with driving cabs at both ends. 

A new type of Southern engine has been designed, 
the construction of five of which has been authorised. 
The engine will incorporate the following features 
and, it is hoped, will satisfy the desiderata given above. 
The locomotive is carried on two six-wheeled bogies, 
the general design of which follows that of the bogies 
Kdesigned for use under the company’s electric loco- 
motives, These bogies have no centre pivot or bolster. 
The middle axle 
cylinder single-expansion engine. The engine develops 
a torque, the uniformity of which is comparable with 
that of a nose-supported electric traction motor, but 
has a higher speed range, and-the unsprung weight is 
less. The capacity of the boiler has been made greater, 
relative to the cylinder horse-power, than in the case 
of any previous Southern Railway locomotive. The 
cabs at the ends will give an improved look-out. The 
engines are intended for working fast r trains 
of 480 tons weight over the difficult Southern Railway 
main line, and goods and mineral trains of up to 1,200 
tons; that. is to say, something above the heaviest 
trains that would be required on’ the system. They 
carry sufficient fuel for 200 miles. 

(To be continued.) 





PRODUCTION OF Motor Cars.—lIn reply to a question 
in the House of Commons on Tuesday, October 22, 
the Minister of Supply (the Rt. Hon. A. Woodburn) said 
that during the first nine months of 1946 the total produc- 
tion of private cars in this country was 140,222, of which 
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of each bogie is driven by a three-| &°4T 


THE TROJAN 25-CWT.. COMMERCIAL 
VEHICLE. 


THE two-stroke internal-combustion engine has 
never achieved the popularity of the four-stroke engine 
as a prime-mover for road vehicles. In view of its 
inherent simplicity this is somewhat surprising, but 
despite the strides made in the development,of this 
type of engine for marine purposes, the two-stroke 
engine still yields pride of place to the four-stroke 
engine so far as road vehicles are concerned. Never- 
theless, some vehicle manufacturers have always 
believed in. the two-stroke engine, not least among 
them being Messrs. Trojan, Limited, Purley Way, 
Croydon, Surrey. This firm have always fitted two- 
stroke petrol engines in their vehicles, and their latest 
vehicle, desi to carry a load of 25 cwt., is of parti- 
cularinterest in that it is fitted with a two-stroke engine 
the cylinders of which are charged by means of a recipro- 
cating pump. Basically, the engine follows the usual 
design of this firm, there being four power-cylinders 
which work in pairs. Each pair of cylinders has a 
eommon combustion chamber and the pistons are 
connected to the same crankpin, the inlet ports being in 
one cylinder and the exhaust ports in the other cylinder 
of.each pair. The cylinders, which lie side-by-side 
across the axis of the crankshaft, are disposed so that, 
as the crankshaft rotates, one piston of each pair always 
moves in advance of the other piston, and as the exhaust - 
ports are located in the cylinder of the leading piston, 
they are always opened and subsequently closed before 
the corresponding inlet ports in the other cylinder, 
an arrangement which assists scavenging and minimises 
loss of mixture through the exhaust ports. 

The charging pump has two cylinders, one for each 
pair of power-cylinders, and the capacity of each 
cylinder is sufficient to scavenge completely one pair 
of power cylinders without any degree of super- 
c - The pistons are connected to the same 
c pins as the power pistons, and the body of the 
pump, which is cast in one piece, is bolted to the main 
crankcase, the pump cylinders being arranged at right- 
angles to the power cylinders in order to facilitate 
balancing. A suitably ported rotor, carried in the 
head of the charging-pump and driven by skew-gearing 
from the forward end of the crankshaft, connects the 
cylinders of the charging pump to the intake manifold, 
and then to the inlet-ports of the corresponding pair 
of poyer-cylinders during the suction and compression 
strokes, respectively. Connecting the charging-pump 
pistons to the same crankpins as the power pistons 
means that three connecting’ rods o on. each « 
crankpin and, in order to accommodate them, the centre 
connecting-rod, which, in each case, operates one 
piston of the charging pump, is clamped to a white- 
metal lined phosphor-bronze sleeve which runs the 
full length of the crankpin. The two connecting rods 
for the power cylinders are mounted on each side of 
the connecting rod for the pump, and oscillate on the 
outside of the phosphor-bronze sleeve, which. is drilled 
for lubrication, It will be realised that with this 
arrangement each pair of power cylinders has to be 
offset slightly in order to accommodate: the difference 
in centres brought about by the two connecting rods 
working separately on a common crankpin. The 
crankshaft is drilled for bottom-end lubrication, oil 
being supplied under pressure to the main bearings 
by a gear-type pump driven from the lower end of the 
rotor-driving shaft. The cylinder block, which is,:made 
of cast iron and fitted with a detachable cylinder head, 
is a separate casting. The bore and stroke of the power 
cylinders are 65-5 mm. and 88 mm., respectively, which 
gives a cubic capacity of 1,186 cub. cm. and.an R.A.C. 
rating of 10-6 h.p. The manufacturers claim that the 
engine produces 24 brake horse-power at 2,000 r-p.m., 
and a maximum torque of 74 |b.-ft, at 1,000 r.p.m. 

The drive is transmitted from the engine to the 
box through a Borg and Beck single-plate clutch, 
the clutch housing and the gearbox forming a single 
unit with the engine. The gearbox is a three-speed 
model, the top-speed and second-speed gear trains 
being fitted with synchromesh elements, and the gear 
ratios are 3-52, 1-92 and 1 to 1, respectively, while the 
reverse ratio is 4-4 to 1. An E.N.V. three-quarter 
floating type rear axle is fitted, which gives a final-drive 
ratio of 4-11 to 1. The front axle beam is a solid 
H-section steel forging fitted with the usual stub-axle 
and hub components. The steering box is of the spur 
and pinion type with sliding block, and the steering 
movement is transmitted to the road wheels through the 
usual Ackermann linkage. Braking is provided on all 
four wheels, which are equipped with Girling wedge- 
operated internal-expanding brakes. 

The standard vehicle is fitted with a van-type body, 
the length of which is 6 ft. 1 in., the width 4 ft. 8in., and 
the height 4 ft. 6in., while the wheelbase of the vehicle is 
7 ft. 10in. Having been designed purely. for commer- 
cial purposes, emphasis has been placed on service 
requirements, and as an. example of this, the-radiator, 
engine, clutch and gearbox can be removed. readily as 
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OIL-BURNING LOCOMOTIVES, 
GREAT WESTERN RAILWAY. 

Previous references have been made in these 
columns to experiments carried out by the Great 
Western Railway Company on firing locomotives by 
oil in place of coal, and the first engines to be converted 
for using the former fuel were ten 2-8-0 tender freight 
locomotives, which are now in service in South Wales, 
hauling coal] and “freight trains between refuelling 
points at Llanelly and Severn Tunnel Junction. In 
view of the successful results obtained with these 
engines, the serious shortage of coal, and the numerous 
advantages of oil as a fuel, the company decided to 
extend their experiments to the passenger service, and 
a tria] run of the first Great Western passenger loco- 
motive to be converted for burning heavy oil, No. 5955, 
“Garth Hall,” took place on August 8. This is a 
4-6-0 engine of the general utility class, and in the trial 
run referred to it drew a special train for the short run 
from Paddington to Old Oak Common. 

The previous description of the oil-burning equip- 
ment and its arrangement in the freight locomotives, 
given in ENGINEERING, vol. 160, page 431 (1945), 
applies to the present passenger engine, and though the 
drawings reproduced herewith “flan to the freight 
locomotives, the general arrangement in the passenger 
engine is substantially the same. Oil fuel contained 
in a tank on the tender is gravity fed to a e burner 
situated at the bottom of the firebox near the front end. 
The oil is atomjsed by a steam jet incorporated in the 
burner, steam from the boiler being supplied at a lower 
pressure through a reducing valve, and the necessary 
cohtrols are lecated in the cab. The general arrange- 
ment of the burner in the firebox, the firebrick lining, 
and the alterations to the ashpan, are shown in Fig. 1. 
It will be seen that the burner is mounted inside a 
steel box a and projects through a 6-in. by 4-in. opening, 
the flame being directed upwards at a smal] angle 
towards the firedoor. The bottom of the box is covered 
by a plate fitted with a damper which can be pre-set. 
Three pipes, 6, c, and d, are connected to the burner. 
Oil fuel is conveyed by 6, steam for the burner jet by c, 
and d is used for steaming-out the oil compartment 
of the burner when necessary. The lower part of the 
firebox is lined with firebrick to protect the plates 
from the intense heat in this region and the usual 
firebars have been removed and replaced by a plate e, 
forming a floor to the firebox, and also lined with 
firebrick. This plate is provided with six 11-in.by 5-in. 
openings f, for the ge of air to the firebox. The 
ashpan has been shortened from its original length 
as shown at’ g, and the admission of air is controlled by 
the ashpan doors in the usual way. 

The burner and its components are shown in Figs. 
2to 8. The body of the burner is a gunmetal casting, 
divided into two compartments by a horizontal wall. 
Oil fuel is delivered to the burner through the elbow 
shown in Fig. 7, fitted to the upper compartment and 
leaves through the 2-in. by }-in. orifice at h, where it is 
atomised by a jet of steam escaping from the lower 
compartment. The latter is connected to the steam 
line at j, and the orifice for the steam jet, 2} in. by 
0-03 im., is formed by the hardened stainless-steel lip 
attached to the end of the burner; the form of the lip 
is shown in Figs. 5 and 6. The upper compartment 
also carries a combined elbow and nozzle fitting, shown 
in Fig. 8, for the purpose of cleaning the burner by 
blowing through with steam. For starting up the 
boiler from cold, a connection is provided so that 
steam for the oil burner can be taken from another 
engine or from a steam line in the engine sheds. We 
are informed that no boiler trouble has occurred which 
can be attributed to the use of oil fuel and that the 
same performance is obtained with an oil-fired loco- 
motive as with a similar locomotive burning coal. 
Under load, a heavy freight locomotive consumes 
6 gallons of fuel oil per mile, as compared with 75 lb. 
of coal. The fuel tank, of 1,800 gallons capacity, is 
accommodated in the coal space of the tender and is of 
welded construction. As in the freight locomotives, 
it is provided with steam-heating coils to ensure that 
the oil flows freely and reaches the burner at the right 
temperature for proper combustion. The tank is fitted 
with a Rototherm thermometer which indicates the 
temperature of the oil in the tank, temperature control 
being effected by regulation of the steam supply to the 
heating coils. 

On August 13, the Garth Hall was put into regular 
express passenger service on the run between Padding- 
ton and Bristol, and the company now propose to 
convert 25 of the Castle class locomotives to oil-burning, 
for use on the main-line services to the West of England 
and South Wales. In addition to these, the Garth 
Hall, and the freight locomotives already converted, 
making. a 1 of 44 engines, the company have now 
been authorised by the Ministry of Transport to put in 
hand the conversion of a further 172 passenger and 
freight locomotives, as referred to in our note on page 
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Hall class, and another 25 engines of the Castle class. 
The engines will carry sufficient fuel oil for runs up to 
250 miles, and storage tanks, of 24,000 gallons capacity, 
will be provided at London (Old Oak Commoh), 
Reading, Didcot, Swindon, Bristol (Bath Road and St. 
Philip’s Marsh), Newton Abbot, Newport (Ebbw 
Junction), Cardiff, Landore, Gloucester, Westbury, 
‘Banbury and Plymouth (Laira). We understand that 
the fuel used will be Pool heavy fuel oil, having a 
calorific value of 18,750 B.Th.U. per Ib., a viscosity of 
950 Redwood No. 1 at 100 deg. F., and’ a specific 
— of 0-95 dt 60 deg. F. In the case of the Garth 

all, it is estimated that, for an annual mileage of 
about 43,000, the use of oil fuel will result in the 
saving of some 1,200 tons of coal a year per engine, 
and on this basis, the total] saving from the Great 
Western conversion Por meee may be expected to 
reach 250,000 tons of coal annually. Apart from the 
main reason for the introduction of oil-firing, which is 
the shortage of coal, the system has several] advantages 
over the use of coal. Distribution of oil, both to 
storage tanks and engines, is a simpler and cheaper 
operation. The labour required for the removal of 
ashes is eliminated, and the work of the fireman is very 
considerably reduced, and due to the saving of time in 
servicing engines, a greater availability can be obtained. 





207, ante. This number comprises 63 heavy freight 
engines of the'28X:X (tender) class, 84 engines of the 


é 


An added feature is that an oil-burning locomotive is 
smokeless. 





INSTITUTION OF ENGINEERING INSPECTION.—Dr. J. 
Mason, M.B.E., M.Sc., Inspector of Fuels and Lubricants. 
Ministry of Supply, will deliver a lecture to the Institu- 
tion of Engineering Inspection, at 6 p.m., on Thursday, 
November 7, at St. Ermin’s Hotel, St. James’s Park, 
Westminster, 8.W.1. His subject will be ‘“ Inspection 
of Aviation Fuels and Lubricants,” 

WATER-MAIN PIPE-LAYING CONTRACT, GLASGOW.— 
The Glasgow Corporation have approved the acceptance 
of a tender by Messrs. Crowley, Russell and Company, 
Limited, Glasgow, for the laying of main pipes for the 
City’s Water Department. The cost is to be 65,535l., 
and the necessary pipes and specials will be supplied by 
Messrs. The Staveley Coal and Iron Company, Limited, 
Chesterfield. The contract involves the laying and 
jointing of 3 miles of 36-in. internal-diameter concrete- 
lined cast-iron pipes forming part of the new 36-in. 
east main to be laid from the Milngavie reservoirs on 
the north, to Burnside on the south side of the City, a 
distance of 14 miles. Special features of the contract, 
which has to be completed in 12 months, are the con- 
struction of a pipe subway under the Forth and Clyde 
Canal, and the construction of a second pipe subway 
under the main Glasgow to Edinburgh line of the London 
and North Eastern Railway. The engineer for the works 
is Mr. S. D. Canvin, M.Inst.C.E., general manager of the 
Corporation Water Department. 
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METERING AND PROPORTIONING PUMP. 
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METERING AND PROPORTIONING 
PUMP. 

THE pump illustrated in Figs. 1 to 4, on this page, has 
been developed by Messrs. Peter Brotherhood, Limited, 
Peterborough, to meet a demand for an apparatus 
capable of supplying accurately small quantities of 
liquids for the “* dosage ” of larger volumes. Examples 
of such conditions are the addition of anti-knock com- 
pounds to petrol; of chemicals for bleaching textile 
fabrics, paper-pulp colouring, etc. ; of coagulants and 
sterilising agents to water; of scale-preventing media 
to boiler feed water; and many others could be given 
As will be apparent from the substantial nature of the 
outlet flanges at the top of Figs. 1, 3 and 4, the pump 
is capable to working at a high pressure ; it will, in fact, 
handle fluids at pressures up to 250 atmospheres, 
There are two cylinders, the delivery from which can 
be varied while the pump is running by alteration of 
the length of the plungers. Either cylinder can be 
used independently or both simultaneously, as required 
by the demand. When the driving shaft is rotated at 
1,500 r.p.m. and both cylinders are delivering together, 
the maximum output is 55 gallons per hour against a 
pressure of 400 lb. per square inch. The camshaft 
speed is 160 r.p.m., this speed being recommended for 
liquids of normal viscosity. If the pump be required 
to discharge against a higher pressure, the output will 
vary in approximately inverse proportion to the increase 
of pressure. The output under all conditions is 
infinitely variable between zero and maximum. It 
will thus be evident that the the high 
degree of flexibility that is essential for the operations 
of metering and proportioning. 

The drive is through the worm and wheel indicated 
at ain Figs. 1 and 2, the worm wheel being keyed to a 
shaft b, carrying two cams, or eccentrics, c. The worm 
gear is contained in a casing bolted to the base of the 
pump and runs in an oil bath having an access cover 
which has been removed in Fig.“4. The pump base 
consists of a cast-iron box housing the cam gear. The 
camshaft, it will be noted, is supported in half-bearings 
close up to the cams, since the reaction due to the thrust 
on the tappets d in contact with the cams is always 
downwards. The lower part of the base forms an oil 
bath in which the camshaft is submerged. The cam- 
shaft is of steel and the hardened nitrided cams are 
shrunk on to it and further secured by Woodruff keys. 
The cover of the base carries on its underside the guides 
for the tappet rods and the gearbox for the stroke- 
varying device, and is formed on its upper side with a 
bracket carrying the two pump cylinders. The be 0 
rods are kept in contact with the cams by helical 
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springs and are of Nitralloy. They consist of two 
parts of which the lower component e, integral with 
the “ie face, is screwed into the upper component f, 
also of Nitralloy, to which the ram, or plunger g, is 
attached at the top. The ram is an independent 
component and works in a hardened-steel liner, h, 
ground and lapped and carried in the cylinder i, which 
is a forging of 0-4 per cent. carbon steel. The liner is 
pierced at a point rather more than half way up from 
the bottom by the inlet opening j, the outlet opening & 
being through a spring-loaded valve at the top of the 
pang and being continued by ports through the flanged 
cap 1. 

Since the throw of the cams is constant, it is not 
immediately obvious how the stroke of the ram can 
be varied as mentioned earlier. The variation, how- 
ever, is due to the fact that the two guide rod com- 
ponents e and f can be extended or contracted, so that 
the distance between the bottom face of e, and the top 
face of f can be varied as required. This variation in 
length does not alter the stroke of the guide rods, 
and since the ram g is attached to f, its displace- 
ment also remains constant. There is, however, no 
inlet valve, the amount of liquid entering the cylinder 
being determined by the length of time the inlet port 
is uncovered by the ram, which, at the top of its stroke, 
overruns the port. The distance which the plunger g 
travels above the inlet port is thus the effective stroke 
and it is this which is varied by altering the length 
of the guide rods. This action can be readily visual- 
ised by comparing the position of the ram in the 
cylinder shown in section in Fig. 1, in which the guide 
rod is fully extended, with the position shown in Fig. 3 
in which it i3 fully contracted. 

It remains now to describe the ingenious way in 
which the coupled rods are altered in length as required. 
The lower rod e is prevented from turning round its axis 
by a groove and pin arrangement, but the rod f can be 
turned at will, this rotation giving the extending or con- 
tracting “screw ” action between the two. The rod f 
has secured to it a spiral gear wheel m, which meshes 
with a similar wheel n, rotated by the handwheel o, 
The attachment of the wheel m is such that while it 
rotates the rod f, the latter has free axial movement. 
The arrangement of this gear will be obvious from the 
illustrations, but it should be noted that a micrometer 
sleeve is fitted over the handwheel boss. The gradua- 
tions on this sleeve determine the amount by which the 
guide rod assembly is extended or contracted, and so 
indicate the delivery of the pump. 

The external view, Fig. 4, shows the worm shaft 











extended to the right for direct comping to an electric 
motor of } brake horse-power or other suitable source 
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of power. One of the regulating handwheels is clearly 
visible ; the cap with winged nuts on the right-hand of 
the base at the top is for filling the camshaft oil 
bath. The base can be mounted as shown in this view, 
or when an electric motor is supplied for the drive, a 
common bedplate for both motor and pump can be 
provided. The pump is suitable for most liquids likely 
to be handled by it, the only change being that, in cases 
in which the liquid has a low critical pressure, asuction 
valve as well as a delivery valve is fitted. With certain 
acids, ete., it may be desirable to vary the materials 
of the pump proper; in the standard pump the rams 
are of nitrided steel hardened and lapped to a close 
running fit capable of withstanding high pressure 
without leakage. The main worm wheel and the spiral 
regulating gears are of phosphor bronze. The only 
spare parts considered advisable are one cylinder liner 
and one ram. The pump is manufactured under a 
provisional patent for the delivery stated. We under- 
stand, however, that it is being developed in a range 
of other sizes, which will provide larger deliveries. 





BRITISH EUROPEAN AIRWAYS.—The Press Branch of 
Messrs. British European Airways, 16, Grosvenor-street, 
London, S.W.1, has issued an informative description 
and statistical account of the functions, constitution, 
services and equipment of the organisation under the 
title, ‘‘ Key to Europe.” Copies of the publication may 
be obtained from the address here given. 





RUBBER LINING FOR GOAL CHUTE.—An interesting 
application of rubber to resist abrasion is reported from 
the United States. The chute of a coal-loading plant 
delivering to colliers alongside suffered such destructive 
wear that means had to be found to check the abrasion. 
A swinging steel gate to act as a retarder was tried but 
failed, but the protection of the chute by a complete 
lining of a form of rubber developed by Messrs. Goodyear 
Rubber Company, New York City, proved successful, the 
protecting surface standing up to the delivery of 
12,000,000 tons of coal before replacement was called 
for and that at the point of heaviest impact only. It is 
stated that the lining has further reduced coal breakage 
during loading. 
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INSTITUTION ELECTIONS. 


INSTITUTION OF CIVIL ENGINEERS. 


Associate Member to Member—George Herbert 
Austin, Lomas, F.C.S., Argentina; Stanley George 
Barrett, Newcastle-upon-Tyne ; Thomas Bell, Cal- 
cutta, India ; Theodore Louis Bowring, Belize, British 
Honduras ; Jack Maurice Fenton, M.B.E., B.Sc. (Eng.) 
(Lond.), Calcutta, India; Niazi David Fetto, B.Sc. 
(Eng.) (Lond.), Baghdad, Iraq; Roger Le Geyt 
Hetherington, O.B.E., M.A. (Cantab.), London, N.6; 
Frederick George Hill, B.Se. (Eng.) (Lond.), Singapore, 
Malaya; John Lilly, Tamale, Gold Coast, W. Africa ; 
Richard Francis Lloyd-Jones, M.A. (Cantab.), Godal- 
ming, Surrey ; Ernest Henry Maemillen, B.Sc. (Manch.), 
Glasgow, 8.3 ; James Martin, M.A. (Cantab.), Fareham, 
Hants.; Oliver Reginald Opie, B.Sc. (Eng.) (Lond.), 
Newton Mearns, Renfrewshire ; Leslie Preston Parker, 
0.B.E., B.Sc. (Eng.) (Lond.), London, E.C.2; John 
Purnell Purnell-Edwards, B.A. (Oxon.), Dublin, Eire ; 
James Herbert Siddons, M. . (Sheffield), Kirkwall, 
Orkney; George Smellie, Edinburgh, 1 ; Charles Wil- 
liam Spencer, O.B.E., Teynampet,. Madras, India ; 
John Eversfield Truzzell, Johannesburg, S. Africa. 


INSTITUTE OF MARINE ENGINEERS. 


Member.—John Armer, Port Elizabeth, S. Africa ; 
Ronald Caplen Beavis, Kaitawa, N.Z,; Arthur Edward 
Brown, Newcastle-upon-Tyne; Lieut. (E.) Wilfred 
Clarke, R.N.R,, Lazonby, near Penrith; Donald Craw- 
ford Fletcher, Gourock ; Benjamin Hengell, Chilwell ; 
Jan Karol London, W.C.2; John’ Nelson 
Keith, Glasgow; Engr. Comdr. Ivor Melvor, R.N. 
(ret.), Newcastle-upon-Tyne, 3; Frank Moss, Birken- 
head; John ias Baden Parry, Weston-super- 
Mare ; Donald Péarson Rennie, Ilford ; Gordon Seales, 
Whitburn, Co. Durham; Alexander Stuart, London, 
N.13; Joseph Westoll Taylor, Sunderland; Robert 
Blackie Thompson, Cosham ; Wilfred Thomas Warren, 
Wellington. 

Associate to Member,—Harold William Alcock, Mel- 
bourne, Australia; David William Blyth, Stanmore ; 
Charles Alfred Cronulla, N.S.W., Australia , 
Lieut.-Comdr. (E.)-Albert John Thomas Shoring, R.N.; 
Torpoint, Cornwall. 





THE TRANSPORT TUTORIAL 
COMMITTEE. : 

At the present time, there are many young men 
employed by transport undertakings whose prepara- 
tions for the examinations of the Institute of Transport 
are handicapped by difficulties in obtaining text-books 
and the impracticability, owing to their geographical 
situation or as a result of the demands of their duties, 
of attending any form of evening or other classes of 
instruction. During the war, Service correspondence 
courses were organised through the Institute of Trans- 
port, and, with the approval of the Council of the 
Institute, the Transport Tutorial Committee has now 
been formed as an independent body, with a view to 
developing the experience thus obtained to cater for 
the needs of students. The Committee comprises 
Mr. C. F. King (chairman) and Messrs. R. Bell, C.B.E., 
J. M. Leighton-Bailey, B.Sc. (Econ.), R. R. J. Plummer, 
C. F. Klapper, H. A. Curnow, B.Sc. (Eeon.), L. D. 
Kitchin, and C. A. Dove,M.B.E. This committee have 
arranged to provide instruction by correspondence, at 
first to cover the graduateship-examination syllabus, 
though it is hoped later to extend the scope of the plan 
to include also the associate-membership examination. 
It is now possible for duly accepted correspondence 
students to be supplied with a series of lessons, based 
on the requirements of the examination, in each of the 
subjects of the syllabus. The lessons will consist of 
study notes to be used in connection with an appro- 
priate text-book, or instead of a text-book, and test 
papers to be answered by the student. These will be 
scrutinised and graded by tutors for the guidance of the 
student, whose queries will be dealt with by the same 
tutors who will render him all reasonable assistance. 

The fees charged for the service will be 25s. per 
subject, or 3/. 3s. for a group of three subjects. The 
student provides his own text-books and ‘s responsible 
for the postal charges on papers in one direction only. 
It is emphasised that the «cheme is intended only 
for students who are debarred from regular attend- 
ance at organised classes or study meetings for unavoid- 
able reasons. Only those who can show themselves 
to be in this position can be ac The committee 
hope, however, that all who are eligible will take 
advantage of the scheme, and inquiries will be wel- 
comed. Personal particulars, business occupation, 
reasons for inability to attend locally-organised classes, 
and the date of the intended examination sitting, should 
be submitted, and all correspondence addressed to the 
honorary secretary, Transport Tutorial Committee, 
15, Savoy-street, Strand, London, W.C.2. 
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BRITISH STANDARD 
SPECIFICATION. 

Tue following specification of engineering interest 
has been issued by the British Standards Institution, 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of the paragraph, 


Synthetic-Resin Bonded-Paper Sheet.—In view of the 
increasing demand for laminated plastic materials for 
building and interior decoration, a recently-issued speci - 
fication, B.S. No. 1323-1946, dealing with synthetic- 
resin bonded-paper sheet (thermosetting) for use in the 
building industry, will be received with interest. The 
specification covers three types of sheet, namely, sheet 
in which both the face and the core are impregnated 
with phenolic-type resin; sheet in which the core is 
impregnated with phenolic resin and the face with urea 
or other aminoplastic-type resin ; and sheet in which 
both the face and the core are impregnated with urea 
or other aminoplastic-type resin. The sheets, which 
may be supplied for use as wall board or in a form 
suitable for veneering on to wood or other surfaces, are 
available in thicknesses ranging from J in.to}in. The 
sheets may be ordered as finished panels ready to be 
fixed without further cutting, or as sheets for fabrica- 
tion intended for cutting or trimming by the purchaser. 
The specification stipulates nomina! dimensions and 
tolerances, and contains also clauses relating to appear- 
ance, flatness, and straightness of edges, and squareness 
of rectangular finished panels. Requirements con- 
cerning cross-breaking strength and resistance to 
impact, to water absorption, to marking by hot water, 
alcoholic fluids or hot fats, to dry heat, damp heat, and 
to the spread of flame, are also specified. [Price 2s., 
postage included. } 





BOOKS RECEIVED. 


Annual Report of the Governor of the Panama Canal for 
the Fiscal Y ear Ended June 30, 1942, Including Shipping 
Statistics Omitted from the 1941 Report. (Price 30 cents.) 
Annual Report for the Fiseal Y ear Ended June 30, 1943. 
{Price 30 cents.) Annual Report for the Fiscal Year 
Ended June 30, 1944. [Price 30 cents.] Annual 
Report for the Fiseal Y ear Ended June 30,1945. [Price 
25 cents.) Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington 25, D.C., U.S.A. 

United States Bureau of Mines. Miners’ Circular No. 48. 
Coal-Mine Accident-Prevention Course—Section 2. 
Accidents from Falls of Roof and Coal in Bituminous- 
Coal Mines. [Price 25 cents.] No. 49. Coal-Mine 
Accident-Prevention Course—Section 3. Accidents from 
Hoisting and Haulage in Bituminous-Coal Mines. 
[Price 20 cents.] Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C., 
U.S.A. 

United States Bureau of Mines. Miners’ Circular No. 61. 
Safe Practices in Mine Hoisting. By D. HARRINGTON 
and J. H. East, Junr. Superintendent of Documents, 
U.S. Government Printing Office, Washington 25, 
D.C., U.S.A. 

Industrial High Voltage Distribution and Public Supply. 
By E. J. Barrows. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
{Price 15s. net.) 

Differential and Integral Calculus. By PROFESSOR Ross R. 
MIDDLEMIss. Second edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 3-25 dols.] McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 16s. 6d.] 

The Story of the Engineers, 1800 to 1945. By Dr. JAMES 
B. JEFFERYS. Published for the Amalgamated 
Engineering Union. Lawrence and Wishart, Limited, 
2, Southampton-place, London, W.C.1. [Price 10s. 6d.} 

A Plan for the City and County of Kingston-upon-Hull. 
Prepared for the City Council by Sm Epwin LUTYENS 
and Sir PATRICK ABERCROMBIE. A. Brown and Sons, 
Limited, Perth-street West, Hull. [Price 15s. net.] 

Department of Scientific and Industrial Research. Fuel 
Research. Technical Paper No. 53. Smoke and Its 
Measurement. The Correlation of Optical Density with 
the Nature and Quantity of Smoke from a Hand-Fired 
Lancashire Boiler. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 6d. net.] 

The Old Clockmakers of Yorkshire. By N. V. DINSDALE. 
The Dalesman Publishing Company, Clapham (via 
Lancaster), Yorkshire. [Price 3s. 6d. net.] 

Combustion and Modefn Coal-Burning Equipment. By 
J. LESLYE Catron. Sir Isaac Pitman and Sons, 
Limited, Parker-street, Kingsway, London, W.C.2. 
[Price 10s. 6d. net.] 

What Engine Is That? By H. C. WEBSTER. Sampson 
Low, Marston and Company, Limited, 43, Ludgate- 
hill, London, E.C.4. [Price 10s. 6d. net.) 

Engineering Workshop Manual. By E. Puiu. Eleventh 
edition, revised and enlarged. The Technical Press, 
Limited, “‘ Piccancot,” Gloucester-road, Kingston 

Hill, Surrey. [Price 7s. 6d. net.] 
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PERSONAL. 


SIR (ALEXANDER GIBB, G.B.E., C.B., . E.R, 
M.Inst.C.fF., M.I.Mech.E., has relinquished the office a 
President of the Institution of Engineers-in-Charge. afte, 
serving in that capacity since 1939. He has been sye¢- 
ceeded by Sm CLIFFORD ©. PATERSON, O.B.E 
F.R.S., M.Inst.C.B., M.1.E.E. 


PROFESSOR C. H. LANDER, C.B.E., D.Sc., M.Inst.C.,. 
M.I.Mech.E., who retired recently from the Chair of 
Mechanical Engineering, Imperial College of Science ang 
Technology, London, 8.W.7, held by him since 1931, has 
now been appointed to the newly-created post of Dean 
of the Military College of Science. 


D).Se., 


Mr. R. F. HiInpMARSH, M.Inst.C.E., is retiring from 
his position as Engineer-in-Chief of the Tyne Improve. 
ment Commission, Bewick-street, Newcastle-upon-Tyne. 
1, at the end of January, 1947. He will be succeeded by 
Mr. A. L. Harvey, M.C., B.A., M.Inst.C.E., at present 
chief assistant engineer. 


Mr. J. E. 8S. BODGER, general manager, Ceylon Govern- 
ment Railway, has been appointed honorary correspond- 
ing member of the Institute of Transport for Ceylon. 
in succession to the late Mr. W. G. HILLs. 


Mr. A. E. CRIGHTON, M.I.N.A., M.1.Mar.E., who retired 
last August from the position of ¢hief superintending 
engineer and naval architect of Royal Mail Lines, Limited, 
has been elected to the board of Messrs. Niven. Nelson 
and Matthews, Limited, Newcastle-upon-Tyne. 


Mr. R. C. Bonpd, mechanical engineer, London Midland 
and Scottish Railway Locomotive Works, Derby, has 
been made Deputy Chief Mechanical Engineer, Derby. 


Mr. R. I. SPENCER, district locomotive superintendent, 
Nottingham, has been appointed assistant (motive 
power), office of Divisional Superintendent of Operation. 


Derby, from November 1, in place of Mr. J. J. P. 
SHERIDAN, who is retiring. Mr. 8S. M. AUDINWOoD, 
assistant district operating manager, Derby, ts succeeding 
Mr. Spencer as district locomotive superintendent. Not- 
tingham. 


Mr. HERBERT FRANCIS, O.B.E., who became a director 
of Kayser, Ellison and Company, Limited, Sheffield, in 
1918, has retired after 67 years’ service. He joined the 
firm as an apprentice in October, 1879. 


Mr. K. S. ARNOLD, B.Sc., M.I.Mech.E., general mana- 
ger of Messrs. Fawcett, Preston and Company, Limited. 
Dock-road, Bromborough, Cheshire, has been appointed 
a director of the company. 


Mr. W. W. MacArtuor, M.I.Mech.E., M.1.P.E., has 
been appointed managing director of Tipsy Aircraft 
Company, Limited, a subsidiary of the Fairey Aviation 
Company, Limited, with effect from September 1. Mr. 
M. STRUBELL has been appointed to the publicity staff 
of the Fairey Aviation Company and will assist Mr. B. J. 
HURREN, the sales development manager. 


Mr. F. OraiG, M.I.Mar.E., has been appointed senior 
marine engineer of the Kenya and Uganda Railways and 
Harbours Administration. 


Mr. J. J. PRInG, works manager of the Cyclops Works, 
Sheffield, of the English Steel Corporation, Limited, has 
retired after 48 years’ service. 


Mr. HARRY TOWERS has been elected to the board of 
Messrs. A. Reyrolle and Company, Limited, Hebburn-on- 
Tyne, Durham, of which company he has also been 
appointed general manager. “Mr. Towers will assume his 
new duties on January 1, 1947, from which date his 
resignation from Messrs. Edmundsors’ Electricity Cor- 
poration, Limited, will become effective. 


Mr. N. C. FLEMING has been appointed engineer sur- 
veyor to the Royal Exchange Assurance Company, 
Limited. 

Mr. E. J. LE FEVRE, B.Sc. (Eng.) (Lond.), Wh.Sc., 
A.M.I.M2ch.E., who has been lecturer in mechanical 
and marine engineering at King’s College, Newcastle- 
upon-Tyne, since August, 1944, has been awarded a 
Research Fellowship, offered to the University of 
‘Durham by Viscount Kemsley. This will enable Mr. 
Le Févre to carry out research on problems of heat 
transmission and fluid mechanics relating to gas-turbine 
engines. 


Mr, W. G. THORPE, previously general manager, has 
been elected managing director of Aircraft General 
Supplies, Limited, manufacturers of automatic repetition 
components, Crescent Works, Erleigh-road, Reading. 


Mr. W. B. Noppines, M.Eng., A.M.1.E.E., who has 
been assistant commercial manager of the Central 
Electricity Board for the past two years, has been 
appointed deputy commercial manager in place of the 
late Mr. J. B. M. GUBBINS. 

Mr, A. WHITFIELD has been appointed by Messrs. E. 
Boydell and Company, Limited, manufacturers of 
Muir-Hill dumpers and shovels, as their representative 





for the North-West of England and North Wales. 
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Nov. I, 1946. 
NOTES FROM THE NORTH. 
GLASGow, Wednesday. 

Scotlish Steel.—The resumption of work by bricklayers 
jg now fairly general, but some men have not returned, 
and this will make the task of overtaking arrears of 
relining more difficult. Furnace repair will have to be 
undertaken on an extensive scale, and full outputs are 
not likely to be attained again before the end of Novem- 
per. Not only have stocks of cold ingots been reduced 
to a very low level, but the use of such stocks necessarily 
limits the range of qualities, so that, for a time, at least, 
consumers will haye to work with steels of such qualities 
as may be available. The plate mills have a great 
yolume of orders outstanding, and light sections and bars 
are almost as difficult to procure. It is held in some 
quarters that a re-authorisation scheme for plates and 
other heavy steel products is now required to relieve the 
congestion, as happened with sheets. It is obvious that 
shipbuilding and engineering can hardly be conducted 
with a six-months’ delivery date—even assuming a high 
priority over other ysers. The sheetmakers are now 
getting in their re-authorisation returns freely, but the 
quantities thus endorsed are far greater than the sup- 
plies. Sheets for the oil companies predominate, pre- 
sumably to assist the oil-for-coal replacement scheme. 


Scottish Coal.—The returns of output from Scottish 
pits have been steadier during the past week than for 
a considerable time. In a large number of instances, 
the pits have managed to touch a level of output as 
high as that reached before the summer holidays, but 
it has taken three months to do this. The allocation 
scheme has been running smoothly, and stocks have 
expanded still further. Utility stocks are now equi- 
yalent to about three weeks’ supply in electric power 
stations, and just over three weeks at the gasworks. 
Railway reserves are exceptionally good, but industrial 
companies are not so well off. The domestic coal posi- 
tion is improving. In addition to more regular supplies 
of deep-mine coal, opencast deliveries have recovered 
strongly and merchants’ supplies are satisfactory. 

Scottish Shipbuilding.—Clyde yards turned out 17 
vessels in September, of a total gross tonnage of 27,564, 
bringing the launching output for the nine months to 
234,179 tons (65 vessels), The East of Scotland figures 
were five vessels, aggregating 12,787 tons, making 56,710 
tons for the period, and a total of 36 vessels. The 
volume of shipbuilding orders in hand in Scotland is 
stated to be sufficient to keep the yards at their current 
level of activity for three years. The shortage of steel 
and lack of railway transport still cause difficulties. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Welsh Coal T'rade.—F¥ollowing months of tunnelling 
through bard rock, a new seam of anthracite has been 
discovered at the Hook Anthracite Colliery in Pembroke- 
shire, and it is stated that the new seam is 6 ft. thick and 
is composed of high-grade coal. The existing seam at 
the colliery is reported to be becoming exhausted. Output 
has been at the rate of 400 tons a week, but it is expected 
that in a short time it will be increased by 50 per cent. 
In spite of the fact that manpower in the industry has 
continued to fall, productions in the South Wales coal- 
field have improved steadily. In the week ended 
October 12, manpower in the industry, at 106,923, was 
217 less than in the previous week and was at the lowest 
level recorded for halfacentury. Output during the week, 
at 492,120 tons, however, showed an improvement on 
the preceding week of 8,027 tons, and on the same period 
of last year of 15,364 tons. Supplies of all grades were 
very scarce on the Welsh steam-coal market throughout 
the past week, and, as a result, little fresh business could 
be entertained for early delivery. The demand from 
the inland section continued very active, industrial and 
domestic consumers being anxious to obtain large 
quantities to meet their winter requirements. The bulk 
of collieries’ present outputs, however, were used for 
deliveries being made under existing bookings to the 
railways and public-utility concerns. As a rule, potential 
outputs were well sold over a long period ahead, and there 
was consequently hardly any coal to spare for general 
export. Some cargoes of the better grades are being 
dispatched for bunkering at the principal overseas 
depots, and heavy deliveries are being made to home 
ports for the same purpose, home demand for 
cokes and patent fuel is still in excess of the current 
production and new business is difficult to negotiate for 
some time ahead. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was fully 
maintained and was in excess of the production. Although 
makers have well-filled order books for the current 
quarter, a fair number of orders has been placed. In the 
export market, there has been no relaxation in the 
demand, but the allocations of supplies by the Control 
has been limited to comparatively small proportions. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Production of pig-iron in the district 
has reached a very high figure, and is being well main- 
tained. Finished iron is in strong request, and more 
skilled men are needed to cope’with the demand. High- 
carbon steels are still difficult to secure in the increasing 
quantities required in the agricultural-machine parts 
trade, and there are occasional stoppages in departments 
owing to delayed deliveries of such steels. The call for 
high-speed steels is very heavy, and there is a large 
demand for high-speed twist drills, milling eutters and 
reamers. File factories are inundated with orders, and in 
all too] branches there is a great volume of orders to be 
dealt with. Railway material departments are very 
busily employed on home and foreign orders. The 
reorganisation and re-equipment of iron and steel foun- 
dries is proceeding steadily, but there is great difficulty 
in obtaining delivery of all types of plant. Activity in 
the wire-rod mills is notable, and the wire roperies have 
full order books, 


South Yorkshire Coal Trade.—The demand for coal 
increases to a greater extent than the slight improvement 
of production made at some collieries. Industrial users 
are inconvenienced by tardy arrivals of supplies, due 
partly to foggy weather which interferes with rail 
transport. Another large open-cast site is to be deve- 
loped. The demand for gas coal is increasing, and there 
is a strong call for supplies for electric power stations, 
which, of late, have been taking large deliveries of open- 
cast coal. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—The demand for iron and steel 
continues to increase, but under existing conditions a 
corresponding increase in production is impossible. 
Heavy delivery obligations and much congested order 
books are greatly hampering manufacturers of many 
commodities and prohibiting the acceptance of offers ot 
new business even for delivery as far ahead as the second 
quarter of next year. Consequently, market negotiations 
are neither large nor numerous. None of the 26 blast- 
furnaces in operation on Tees-side is producing ordinary 
foundry pig regularly. Supplies are now being drawn 
exclusively from the Midlands, but while most stacks 
are turning out basic iron, the make of hematite and 
ferro-manganese remains steady. Semi-finished steel is 
needed urgently in much larger quantities than are 
obtainable. 


Foundry and Basic Iron.—North-East Coast consumers 
of high-phosphorus pig iron are unable to obtain Cleveland 
No. 3, the production of which has virtually ceased, and 
are now entirely dependent on regular deliveries of 
Midland brands. Makers of light castings have a great 
deal of work in hand and continue to call for larger 
supplies of ordinary foundry pig. As has been the case 
for some years past, all the basic-iron output is moving 
promptly into use at the makers’ adjacent consuming 
plants. 

Hematite, Low-Phosphorus and Refined Iron.—Manufac- 
turers of East-Coast hematite are distributing sufficient 
tonnage to cover actual needs for home purposes, and 


NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





JUNIOR INSTITUTION OF ENGINEERS.—North-W estern 
Section ; Saturday, November 2, 2.30 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“‘ Stainless Steel for Engineer- 
ing,” by Mr. C. H. Faris. Midland Section : Wednesday, 
November 6, 6.30 p.m., James Watt Institute, Birming- 
ham. Ohairman’s Address, by Mr. A. Russell. Sheffield 
Section: Wednesday, November 6, 7 p.m., The Univer- 
sity, Leeds. ‘‘ Fluid Motion in Curved Pipes,” by Mr. 
8. J. Moore. Institution: Friday, November 8, 6.30 
p.m., 39, Victoria-street, 8.W.1. “Sugar Beet and 
Engineering,” by Mr. H. W. Arkell. 

Sociery or ENGINEERS.—Monday, November 4, 5 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
* Modern Methods of Testing,”’ by Mr. A. E. Bingham. 

INSTITUTION OF MECHANICAL ENGINEERS.—North- 
Eastern Branch: Monday, November 4, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne, ‘“‘ Applied Research,” by 
Dr. H. R. Ricardo. Institution: Friday, November 8, 
5.30 p.m., Storey’s-gate, St. James’s, Park, 8.W.1. 
“ Feed Distribution and Hunting in Marine Water-Tube 
Boilers,” by Mr. H. Hillier. Southern Graduates’ Section : 
Friday, November 8, 6.45 p.m., University College, 
Southampton. “Performance and Control of Loco- 
motives,” by Mr. J. L. Wilson. North-Eastern Graduates’ 
Section: Saturday, November 9, 2.30 p.m., Hartlepool 
Gas and Water Company’s Showrooms, West Hartlepool. 
“‘ Variable Speed Gear Hydraulic Transmission,” by Mr. 
W. J. Gildon. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, November 4, 6 p.m., James Watt 
Institute, Birmingham. ‘ Rehabilitation of Electricity 
Supplies—Italy,”’ by Col. W. M. Lapper. . North Midland 
Centre: Tuesday, November 5, 6 p.m., Electricity Dept., 
Whitehall-road, Leeds. ‘‘ Rural Electrification,” by Mr. 
J. 8. Pickles. London Students’ Section: Tuesday, 
November 5, 7 p.m., Victoria-embankment, W.C.2. 
Brains Trust. Radio Section: Wednesday, November 6, 
5.30 p.m., Victoria-embankment, W.C.2. “‘ Pulse Test- 
ing of Wide-Band Networks,” by Messrs. D. C. Espley, 
E. C. Cherry and M. M. Levy. Tees-Side Suh-Centre : 
Wednesday, November 6, 6 p.m., Cleveland Technical 
Institute, Corporation-road, Middlesbrough. Chairman’s 
Address, by Mr. T. M. Ayres. Institution: Thursday, 
November 7, 5.30 p.m., Victoria-embankment. W.C.2. 
“* Extinction of Arcs in Air-Blast Circuit-Breakers,” by 
Messrs. A. Allan and D. F. Amer. “‘ High-Voltage Oil 
Cireuit-Breakers,’’ by Messrs. H. E. Cox and T. W. Wil- 
cox. Measurements Section: Friday, November 8, 5.30 
p.m., Victoria-embankment, W.C.2. Discussion: ‘* Cur- 
rent and Voltage Transformers for Protective Gear Pur- 
poses,”” opened by Mr. J. G. Wellings and Mr. F. J. Land. 

INSTITUTION OF PRODUCTION ENGINEERS,— Yorkshire 
Section : Monday, November 4, 7 p.m., Great Northern 
Victoria Hotel, Leeds. “‘ Lubrication: Bearings and 
Gears,”’ by Dr. D. Clayton. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 5, 5.30 p.m., Great George-street, 8.W.1. Presidential 
Address, by Sir William Halcrow: 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
November 5, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. “‘ Effect of Hot Air in Grinding 
Syst ,” by Mr. W. F. Carey. 





are understood to have moderate stocks, but hants’ 
efforts to obtain export permits are still unsuccessfal. 
Low- and medium-phosphorus grades of iron are rapidly 
taken up and the increasing demand threatens to tax 
the capacity of the sources of supply. At the present 
time, refined-iron firms are able to meet their customers’ 
requirements. 


Manufactured Iron and Steel.—Plants producing semi- 
finished and finished iron are busily occupied and are 
providing sufficient tonnage for most needs, but the 
heavy outputs of all classes of steel are still well below the 
demand. The pressure for sheet bars and prime billets 
is intense, and complaints of the inconvenient shortage of 
other semies and finished products continue to be heard. 
larger quantities than are available and there seems little 
likelihood of any material increase in production. The 
unsatisfactory fuel situation and the shortage of skilled 
labour are outstanding impediments to an increase in the 
output of steel. Sheet makers are unable to meet the 
current needs and are too extensively sold to entertain 
offers of new business for supply within the next six 
months. Shipbuilders have heavy programmes to carry 
out, and are complaining of inadequate deliveries of 
plates and angles, Section and rail mills are very actively 
engaged and manufactarers of chairs, points and crossings 
and other railway requisites have as much work as they 
can handle ; firms producing pit props, arches and colliery 
roofings have full order books. 


Scrap.—Ample supplies of imported scrap are sufficient 
for the continued brisk demand for good grades of cast 
iron, machinery metal and heavy steel. 





INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
November 5, 5.30 p.m., Institution of Mechanical Engi- 
neers, Storey’s-gate, S.W.1. “Design of Braking 
Systems,” by Mr. F. A. Stepney Acres. 

ROYAL PHOTOGRAPHIC SOCIETY OF GREAT BRITAIN.— 
Tuesday, November 5, 16, Princes’-gate, S.W.7. 6.15 
p.m., Extraordinary General Meeting. 7 p.m., Sympo- 
sium on “‘ How Accurate Is a Photograph ? ” 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaND.—Tuesday, November 5, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘Stresses and Defiections 
During Launching of Cargo Liners,” by K. J. Pascoe. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—Wednesday, November 6, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, S.W.1. “‘ Venti- 
lation and Cooling in London’s Tube Railways,”’ by Mr. 
S. C. Mount. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Lancashire 
Branch: Thursday, November 7, 7 p.m., College of 
Technology, Manchester. “Thoughts on Foundry 
Management,” by Mr. J. Roxburgh. 

Royat Sratisticat Socrety.—London Industrial 
Applications Group: Friday, November 8, 6.30 p.m., 
2, Savoy-hill, W.C.2. ‘‘Some Applications of Multiple 
Correlation,” by Mr. K. A. Brownlee and others. 





MANCHESTER ASSOCIATION OF ENGINFERS.—Friday, 
November 8, 6.45 p.m., Engineers’ Club, Manchester, 
‘Motion and Movement in Engineering Practice,” by. 
Messrs. R. Laban and F. C. Lawrence. 
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Fig. 7. Worn AXLEBOX AND KEEP. 











Fie. 12. Copper Firesox, SHowine DovusLe THICKNESS OF PLATE. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Attention is drawn to the fact that, 
in the future, the London general meetings of the Institution of Automobile 
Engineers will be held at 6.0 p.m., instead of 5.30 p.m., as hitherto. The paper 
by Mr. F. A. S. Acres, on “‘ Brake Design,” will be read on November 5, at the first 
meeting to be held at the later hour. It is hoped that the change in time will enable 
more members and visitors to be present. 





THE LaTE Mr. W. Woop.—It is with regret that we record the death of Mr. 
Willie Wood, which occurred suddenly in an hotel in London on October 21. Mr. 
Wood, who was 62 years of age, was a local director of Messrs. Thos. W. Ward, 
Limited, Albion Works, Sheffield. He was a brother of Mr. George Wood, joint 
managing director of the firm, and joined the staff in 1897. Mr. Willie Wood had 
been in control of the non-ferrous metals departments since 1922. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMrie Bar 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 
Manager. 


Accounts are payable to ‘“ ENGINEERING,” Ltd. 
Cheques should be crossed “ The Nationa] Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 











SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom .................... £3 5 0 
For Canada— 
Thin paper copies ................ £218 6 
Thick paper copies ............ £3 3 0 
For all other places abroad— 
Thin paper copies ................ 3 3 0 
Thick paper copies ........ £3 7 6 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

i of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch, 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in | % 


the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves res: ible 
for advertisers’ blocks left in their possession for more 
than two years. 
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RAILWAY ELECTRIFICATION 
IN GREAT BRITAIN. 


Tue case for the electrification of busy suburban 
railways has been made 80 often, and its soundness 
has been proved by so many practical examples, 
that it is unnecessary to restate it. Those who 
would advocate the electrification of main lines, 
however, are not able to make an equally con- 
vincing case. High acceleration and rapid turn- 
round at termini, cardinal points on suburban 
systems, are of relatively little importance for long 
distance trains, and if the electrification of the 
main-line railways of this country is to be shown 
to be an economic proposition, considerations of a 
different type must be advanced. In these days of 
town planning and the rebuilding, on paper, of 
large parts of great cities, it is not unusual to find 
the argument advanced that steam locomotives are 
such generators of smoke that they should be for- 
bidden entry into important towns and that, on 
this score alone, the main-line railways should 
be converted to electric traction. It is not alto- 
gether clear why steam locomotives should be 
selected for this eliminatory treatment ; they pro- 
duce a very small part of the smoke to which objec- 
tion is taken. It would be of value if those who 
advocate the electrification of termini, purely on 
the smoke argument, would explain what ameliora- 
tion in atmospheric conditions they could expect 
in the neighbourhood of Euston, St. Pancras 
and King’s Cross if those stations were electrified. 
The total annual consumption of locomotive coal— 
some 13} million tons—is less than half of the 
uantity consumed in domestic grates; and pro- 
bably much fewer than half of the locomotives are 
in urban areas at any given time. 

A recent estimate of the cost of electrifying the 
railways of this country is between 450/. million 
and 5001. million. The amount of money at present 
invested in the railways is approximately 1,200/. 
million, so that electrification would increase the 
capital value by considerably more than one-third. 
Referring to “the main transport service of our 
country,” the report of Lord Weir’s Committee on 





Main-Line Railway Electrification, in 1931, said 
‘* the responsibility of proposing to change the haul- 
age system of such a gigantic enterprise which, 
through its rates and charges, exercises a substantial 
influence on the costs of all industrial and other pro- 
ducts and services, and consequently on commodity 
prices and the cost of living, is as obvious as the 
national importance of realising any savings and 
economies which the march of science may render 
possible.” The important part that transport 
charges play in the cost, particularly of bulk 
materials, has been accentuated at the recent inquiry 
into the railway companies’ claim for increased rates, 
and it is clear that if wholesale electrification is to 
take place, it will be essential, from a national point 
of view, that it shall not be imposed at the expense 
of trade generally, but that it shall be proved beyond 
question to be economically sound. 

In an interesting review of the whole question 
of railway electrification in Great Britain, which 
formed his chairman’s address to the Mersey and 
North Wales Centre of the Institution of Electrical 
Engineers, delivered on October 7, Mr. R. Varley, 
general manager and engineer of the Mersey Rail- 
way Company, stated that the Three Bridges, 
Brighton and Worthing electrification of the South- 
ern Railway showed a return on the expenditure 
charged to capital account of 22} per cent.; and 
in the suburban area the return was 27 per cent. 
The main-line conversions to Brighton, Worthing, 
Eastbourne, Seaford, Hastings and Portsmouth, 
despite a two-fold increase in train miles, had not 
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expenses, and the revenue showed an increase 
equivalent to a return of 14 per cent. on the capital 
expended. These are encouraging figures, but it 
would not be wise to argue from them that the 
conversion of the ‘‘ heavy ”’ main lines to the north 
and west would equally prove profitable. Mr. 
Varley did not attempt to do so. 

*We recall that, shortly after the publication of 
the Weir Report, we had an opportunity to hear the 
views upon it of the late Mr. R. E. L. Maunsell, then 
the chief mechanical engineer of the Southern Rail- 
way. He was emphatically opposed to main-line 
electrification, on the ground that it could not be 
made to pay. Asked why, in that case, he was pro- 
ceeding to electrify the Brighton line, he replied at 
once, “‘ That’s a suburban service ’—as it is, of- 
course, in all essential characteristics. It is particu- 
larly interesting, therefore, to note that Mr. Varley’s 
quoted figures for the return on the Southern Rail- 
ways electrification programme cover not only the 
fast and relatively short run to Brighton, but the 
later extensions of electrical operation to Worthing 
and Portsmouth; by no stretching of the meaning 
of words can these be described as ‘‘ suburban,” 
though it may be that the traffic density—at all 
events, the passenger traffic density—is probably 
higher than on most of the accepted “‘ main ” lines 
in the country, apart from those in the immediate 
neighbourhood of the great London termini. It 
should be borne in mind, however, that the ratio 
of passenger-train mileage to freight-train mileage 
is a factor of some weight in comparing the poten- 
tialities or performance of different methods of 
traction, and in this respect the topography of the 
Southern system presents features which favour 
electrification. 

The case for the electrification of main lines is 
not dependent on illegitimate application of argu- 
ments which are sound only in the case of suburban 
traffic; definite and independent advantages may 
be claimed. One of these is the longer periods of 
continuous service obtained from electric loco- 
motives, as compared with those driven by steam, 
with the consequence that the total number re- 
quired is less; another, is the greater reserve of 
power, which enables a more nearly uniform speed 
to be maintained in difficult country, particularly 
with heavy freight trains. The effect of this is to 
increase the capacity of a line. It may be pre- 
sumed that the Shenfield conversion on the London 
and North Eastern Railway was undertaken on 
the basis of this latter consideration.: A project 
for a similar electrification of the Sheffield Manches- 
ter line was also put forward, but Mr. Varley stated 
that no great progress has been made with either of 
these schemes. As the railway companies lie under 
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the shadow of threatened nationalisation, it is not 
likely that these, or any other main-line conversions 
will be vigorously pursued in the immediate future. 
Possibly, in due course, a scheme for the widespread 
electrification of a nationalised railway system will 
be announced, coupled with the information that 
it was only the inefficiency of private enterprise that 
prevented the work being carried out years before. 

Whatever the future status of the railways, 
national well-being requires that their activities 
shall be carried out on an economically sound basis. 
With a nationalised system, they or certain of their 
traffics might be subsidised, but there must be a 
limit to this type of activity. If too many public 
services are subsidised, a condition will ultimately 
be reached in which there is no longer money avail- 
able to subsidise any. As matters stand, and as 
prospects appear to indicate, a nationalised railway- 
electrification scheme of the type suggested above 
might be put forward with an economic justification 
which had no place in the past. Mr. Varley stated 
that the coal consumed by steam locomotives is 
approximately 134 million tons per year and in 
view of the present cost of that commodity it is clear 
that the coal saving which electrification would 
ensure has assumed an importance in the economic 
argument which it has never held before. The 
Weir report estimated the coal consumption of an 
electrified railway system at 3-65 million tons ; this 
figure shows a saving of 9-85 million tons on present 
consumption, which, at £2 5s. a ton, would give a 
saving of 22/. million a year. This would be a 
very substantial contribution towards the interest 
charges on the cost of conversion. 

Mr. Varley said that ‘‘the amount of coal saved 
would go far to meet the national deficiency in pro- 
duction of about 10 million tons of coal per annum.” 
This statement is obviously correct and need not be 
criticised, but it draws attention to an aspect of 
the railway-electrification question which it is 
undesirable to lose sight of. A basic consideration 
is involved in this matter ; it arises equally in con- 
nection with the conversion of steam locomotives 
from coal- to oil-burning which is now taking place. 
It is the business of the railway companies to main- 
tain their services and if they cannot get sufficient 
coal, no doubt they are glad to get oil; but in the 
whole of the publicity which this matter has received 
nothing appears to have been said about the econo- 
mic soundness of the procedure from the railway 
point of view. It may be that, at present coal prices, 
the conversion is justified, but no information has 
been published to indicate this, and the impression 
created is that the railways are being used to carry 
some of the load which ought to be borne by the 
colliery industry. Ina national emergency, this may 
be justified, but that is no reason why the economic 
aspect of the matter from the railway point of view 
should be ignored. In the same way, extensive 
electrification would reduce the demands on the 
coal trade, but that in itself is not an argument that 
it would benefit the railways. 

The estimate of 4501. million to 5001. million as the 
cost of electrifying the railways, which was quoted 
earlier in this article, was taken from Mr. Varley, 
whose figures were based on an adjustment of the 
Weir report estimates to bring them into line with 
present costs. The Weir figures, however, were 
based on the assumption that the main lines were 
equipped with overhead conductors and Mr. Varley 
is in favour of the universal use of the third rail. 
He points out that this would reduce the cost, 
though he does not put this forward as the main 
argument in favour of electrification. At the present 
time, the Southern Railway has over 1,700 miles of 
third-rail track, and a further 600 or 700 track miles, 
at least, is represented by the London and North 
Eastern suburban lines on Tyneside, the Euston- 
Watford line, the Liverpool-Southport line, the 
Wirral electrification, and the system of the London 
Passenger Transport Board. Against this consider- 
able, total of third-rail mileage, track equipped with 
overhead conductors is confined to the 29-mile 
Manchester and Altrincham line and the London and 
North Eastern incompleted projects. The third rail 
has proved entirely satisfactory on the main lines 
of the Southern Railway and Mr. Varley considers 
that it could be advantageously adopted as a 
standard system for use throughout the country. 
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THE EFFICIENT OPERATION 
OF COKE OVENS. 

THE coking industry is one of the largest single 
consumers of coal in the country, and it was 
appropriate, therefore, that a full session of the 
recent ‘‘ Fuel and the Future ” Conference should 
be devoted to consideration of the fuel efficiency of 
coke-oven plants. Carbonisation is inherently an 
efficient process. It can be shown that, on a well- 
designed modern plant, operated skilfully, more 
than 80 per cent. of the potential heat units con- 
tained in the coal charged to the ovens is recovered 
in the form of saleable gas, coke, tar and benzole. 
There are purposes for which raw coal can be used 
with a high thermal efficiency, but generally it is 
found that, by dividing the raw coal into gas and 
coke, each of these products can be used, therm for 
therm, more efficiently than the coal from which 
they are derived. It should be made clear that 
this statement does not necessarily apply only to 
combustion efficiency. It may be possible, for 
example, to burn coal to heat a furnace with a com- 
bustion efficiency as high as that of coke and gas ; 
but the control of the furnace atmosphere and of 
the furnace temperature is so much more exact with 
a refined fuel such as gas that the practical efficiency 
in fuel burnt per unit of saleable output is likely to 
be considerably in favour of gas. This is particu- 
larly true, of course, of domestic coal consumption, 
but it is also true industrially. This was shown 
by Mr. H. R. Hems’s paper on the use of town gas in 
industry, in which he pointed out that, “ with one 
or two exceptions, gas can be used to supply any 
heat requirements in industry, and in many cases 
it excels by its adaptability and overall economy.” 
Although from 15 to 20 per cent. of the heat value 
of the coal may be used in carbonisation and by- 
product recovery, frequently the net result is 
economy in the overall use of coal in industry. 

Carbonisation was described by Mr. 8. E. 
Whitehead as “the most efficient known method 
of processing coal’’; but carbonisation as con- 
ducted in by-product coke ovens, goes a stage 
farther than simple heat conservation in that coke 
is essential as a chemical reagent in the blast 
furnace. It would be impossible to avoid car- 
bonising coal, because blast-furnace coke must be 
provided in any event;. and it is all the more 
essential that the coking process should be conducted 
as efficiently as possible, being one step in the train 
of several metallurgical processes which together 
account for the fuel consumption per unit of steel 
produced. Some measure of what has been achieved 
in the past may be derived from the report of the 
British Iron and Steel Federation to the Minister of 
Supply in which it is shown that whereas, in 1913, 
41 cwt. of coking coal were consumed per ton of pig 
iron, by 1937 this figure had been reduced to 33 cwt., 
and if the modernisation schemes proposed by the 
Federation were put into effect it could be further 
reduced by 1950 to 27 cwt. Moreover, the overall 
coal consumption for the manufacture of a ton of 
heavy steel has been reduced from about 3 tons in 
1914 to about 2 tons in 1937. This is not wholly 
due to the increased efficiency of by-product coking ; 
but undoubtedly technical developments in the 
design and operation of by-product coke ovens, 
together with the improved utilisation of the coke 
and gas, have been the main reasons for this striking 
decrease in fuel consumption. 

The principal direction in which fuel is consumed 
in by-product coking is to provide the heat required 
for carbonisation and it is natural that attention 
should be concentrated on the thermal efficiency 
of the coke ovens. Thermal efficiency is intimately 
bound up with operating efficiency and with design ; 
indeed, it is true to say that, unless the design is 
correct, the operator is powerless. It was thus very 
useful that the two bulletins already issued by the 
Fuel Efficiency Committee of the Coking Industry 
should have been considered by the Conference 
from the plant contractor’s point of view. This 
was admirably done in a paper by Mr. D. T. Barritt 
and Mr. T. OC. Finlayson. Naturally, low fuel 
consumption is not the only objective of the coke- 
oven designer. He must also see that the ovens are 





of sound construction, so that they will maintain 
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their initial performance throughout a long working 
life ; he must promote good working conditions he 
the greatest economic degree of mechanisation ; and 
he must not forget the capital cost. 

In a plant which operates continuously, a sound 
and robust construction can be secured without 
detriment to fuel consumption, It is important that 
the heating system should be such that the carboni- 
sation is completed simultaneously over the whole 
central vertical plane of each oven charge, because a 
considerable amount of heat can be wasted if a 
charge has to remain in the oven after the greater 
portion is carbonised fully in order to complete the 
carbonisation of some particular section which has 
not been fully heated. A great deal of the art 
and science of coke-oven design is bound up with 
fulfilling this condition, and if it is fulfilled it is 
generally safe to say that the fuel consumption of 
the whole battery will be low. Uniformity of coking 
does not mean uniformity in flue temperature, 
because the taper in the oven will necessitate a 
somewhat higher temperature at the wider end than 
at the narrower end. The level of the top of the 
heating flue in relation to the upper surface of the 
charge must be correctly fixed. This is a matter of 
considerable difficulty because some coals may 
swell upwards in the oven, while others may con- 
tract very appreciably. If the oven is designed for 
one particular coal, this introduces no great diffi- 
culty, because the coal:can be tested for its relative 
shrinkage or expansion in a similar oven before 
finalising the design. If, however, a variety of 
dissimilar coals is carbonised in the same plant, 
it may be impossible to fix the level of the top of the 
heating flue correctly in relation to the coal being 
coked, and waste of fuel gas will be inevitable. 
This difficult problem may be countered by installing 
a blending plant wherein the several coals supplied 
to the ovens are mixed in such proportions as will 
ensure an approximately uniform shrinkage. 

Heat may be lost from by-product coking ovens 
in several ways. The greatest single source of heat 
loss is generally the sensible heat of the gases leaving 
the regenerators. This can be . controlled by 
providing adequate surface area in the regenerators, 
a problem that was investigated fully by T. C. 
Finlayson and A. Taylor in a paper published earlier 
in the year in the Journal of the Institute of Fuel. 
The importance of the size of the regenerator varies 
according to the type of fuel gas being used. When 
blast-furnace gas is used for firing, the greater 
volume of waste gas makes it both better worth 
while and more necessary to provide larger regenera- 
tors than when firing with coke-oven gas. An 
attempt to calculate the fuel efficiency of the 
battery, based upon the heat content of the stack 
gases, was presented to the Conference by Mr. F. H. 
Metcalf and Mr. G. A. Hebden ; but, while provid- 
ing a measure of the overall efficiency of combustion. 
this method must be regarded as leaving a good 
many loopholes for inefficiency which it would not 
disclose. The design of the regenerators is, of 
course, very important to secure uniform heating 
beeause, unless the air for combustion is correctly 
supplied to the flues as regards both quantity and 
degree of preheat, the temperature regulation cannot 
be accurate. The use of insulation is essential for 
high-temperature operations such as those of by- 
product coking, but it is particularly important that 
good insulation should be provided behind the 
buckstays, which have a large radiating surface. 
Insulation of the oven tops is even more essential. 

The quantity of steam required for operating a 
coke-oven plant can be considerably reduced by 
proper attention to the conditions under which the 
steam is generated. Even assuming that the 
boiler plant is operated with maximum efficiency. 
there is a great deal of waste of steam at coking 
plants through using saturated steam below 140 lb. 
pressure for all purposes. Messrs. Barritt and 
Finlayson have pointed out that the overall steam 
consumption is generally between 400 and 600 lb. 
per ton of coal carbonised and that this could 
be reduced to about 200 lb. if steam were generated 
at the boilers at about 375 lb. per square inch, and 
used in back-pressure turbines, applying the exhaust 
to process purposes. This has been done overseas 
and it is time that greater attention was paid to 





steam utilisation in British practice. 
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NOTES. 


INTERNATIONAL CONTROL OF ATOMIC ENERGY. 


A SPEECH giving the British Government’s views 
on the future of atomic energy, according to The 
Times, was made by the Rt. Hon. Philip J. Noel- 
Baker, Secretary of State for Air, at the General 
Assembly of the United Nations, at Flushing 
Meadow, N.Y., U.S.A., on October 25. He said that 
the Government welcomed the technical sub-com- 
mittee’s report, which made it clear that there was 
no possible way in which atomic energy could be 
made available to the world for peaceful purposes 
without making atomic weapons equally available. 
The fundamental issue could be stated simply : there 
were only two alternatives to a race in atomic arma- 
ments with all that implied for civilisation. One was 
that nations must be prepared to forbid the manu- 
facture of any atomic products ; but that must be 
dismissed, since the great economic benefits of atomic 
energy would be sacrificed. Even then, however, the 
world would not be secure, since there could be no 
certainty that research and development would not 
be carried on somewhere. The other alternative was 
for the nations to agree to a system of control. 
This required that all nations should open their 
frontiers so that control could function. The inter- 
national control of atomic energy could only create 
fear and suspicion unless it were so comprehensive 
as to cover all stages. Only by such a system 
could the menace of atomic warfare be banished 
and the civilian use of atomic energy assured. 
There must be international control for all purposes, 
safeguarded at every stage ; the renunciation of the 
use of atomic energy for any purpose, or the con- 
tinuation of the present position, which was an 
atomic armaments race. The British Government 
believed that the time had come to state the posi- 
tion in these simple terms ; and they had no doubt 
which course the Atomic Energy Commission should 
adopt. They believed that a system of control 
could be worked out, and that the British delegation 
could make their best contribution by devoting their 
knowledge and resources to the draft convention 
by the Atomic Energy Commission. 


THE DEVELOPMENT OF THE GRID. 


When the Central Electricity Board was set up, 
in 1927, they adopted a programme of construction 
which it was estimated would be completed in 
ten years. This covered approximately 2,600 miles 
of 132-kV overhead transmission line, 31 miles of 
132-kV cable, a considerable length of lower- 
voltage line and cable, together with substations, 
transformers, switchgear, and ancillary apparatus. 
The programme was actually completed in 1933, in 
little more than half the time originally allowed. 
An interesting account of the progress of this original 
work, war-time additions and plans for the future, 
was given by Mr. J. Andrew Lee in his chairman’s 
address to the Transmission Section of the Institu- 
tion of Electrical Engineers, on October 16. Pro- 
gress in the early years was comparatively slow, 
which was only to be expected, as much preliminary 
and experimental work was necessary in the initial 
stages. By the end of 1929, only 58 miles of line had 
been erected, but in the immediately following 
years the rate of progress greatly increased and, in 
1931 and 1932, 1,300 miles of 132-kV lines were 
erected and commissioned. From 1933 to 1938, 
construction work was slowed down, but in this 
latter year, and in 1939, owing to the potentialities 
of the critical international situation, matters were 
again pressed forward. Between 1940 and 1942, 
a further 535 miles were erected. Since then, there 
have been no major extensions. The war work 
included the rapid construction of 364 miles of 
132-kV lines, which were necessary owing to the 
movement of load centres from the east of the 
country to the west. Special supplies were given 
at short notice to 25 new Government factories, 
and Mr. Lee stated that in every case the supply 
was available before the factory was ready for 
it. The major difficulties met with during the war 
were caused by shortages of materials. Owing to 
the diversion of aluminium for aeroplane construc- 
tion, cadmium-copper was adopted for overhead 
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850 miles ‘of cadmium-copper conductor had to 
be obtained from the United States. A relatively 
small amount of steel-cored copper conductor was 
also used. Difficulty was also experienced with 
steel supplies and 10,000 tons of this material, 
fabricated and galvanised, was also obtained from 
the United States. Losses at sea due to enemy 
action were 345 tons of steel and 105 miles of 
conductor. At the present time, 67 miles of addi- 
tional 132-kV overhead line are under construction; 
contracts have been placed for a further 23 miles and 
much greater extensions are projected. In con- 
nection with future requirements it has been decided 
that the adoption of a higher transmission voltage 
should be considered, and it has been decided 
accordingly that an experimental length of 264-kV 
line shall be erected, but shall be operated for the 
time being at 132 kV. This procedure will not give 
all the electrical information which is desirable, 
but it will clarify questions of mechanical design. 
Although voltages of 264 kV, and higher, have 
been used in some other countries, there would be 
no justification for assuming that the arrangements 
adopted would be satisfactory under the different 
climatic and topographical conditions of Great 
Britain. The new line will have two steel-cored alu- 
minium conductors per phase, but the spacing of 
these has not yet been determined. If they are too 
close, ice formation may link them, and if they are 
too far apart, corona losses will increase. The experi- 
mental line will be a single-circuit line with flat 
spacing of conductors and with double earth-wires for 
a mile from each terminal, single earth-wires being 
used for the remainder of the route. The insulator 
strings will be made up of 20 discs of the anti-fog 
type, and the normal span will be about 1,200 ft. 


INDEXING AND Firinc UNPUBLISHED MATERIAL. 


It has been stated that in Great Britain some 
five million people are doing clerical work for the 
whole, or part, of the day. Most of their activities 
are not the direct concern of this journal, but the 
mass of matter which passes through the offices of 
an industrial organisation is likely to contain much 
technical information, either general or referring to 
the practice of particular firms, and the extent to 
which this will be available to the technical staff 
of the organisation will depend on the indexing and 
filing system which is in use and the skill and care 
with which it is operated. On page 365 of our issue 
of October 18, we reviewed a book by Mr. O. W. 
Roskill which dealt with this subject of filing and 
indexing, and those to whom the matter is of interest 
may be further directed to a report on the Aslib 
meeting on ‘Indexing and Filing Unpublished 
Material,’’ which was held on February 15, 1946. 
The report, which is available to non-members 
at the price of 4s., has been published recently. It 
contains contributions from representatives of the 
Civil Service, industrial firms and research associa- 
tions. The latter are particularly likely to encounter 
problems in connection with unpublished material 
which are of importance to technical users Outside 
correspondence may well contain material likely to 
be of value to research workers, and the problem 
presented is to ensure that it shall be available to 
the information department without this latter 
having to concern itself with the examination of a 
large amount of correspondence of a purely business 
type. Miss L. G. Thomerson, of the Printing and 
Allied Trades Research Association, said that if 
external correspondence contained matters of tech- 
nical interest, the letters were passed on to the 
library for filing, or were indexed by the library and 
filed in the office, A system of this kind is no doubt 
convenient and practicable in a research organisation, 
but might lead to confusion in a large industrial 
organisation. Much of the correspondence of a 
research association will be of a technical nature, 
as was indicated by Mr. W. Ashworth, of the British 
Cast Iron Research Association, who said that 
correspondence came mainly from members and 
usually related to problems affecting their interests. 
Matters may be very different in an organisation 
with such widespread interests as Imperial Chemical 
Industries, of which the elaborate system in use 
is based essentially on a Central Registry, and 
was described by Mr. J. E.. Holmstrom. Some 





lines, but cadmium was in very short supply, and 





the Ministry of Works was given by Mr. Agard 
Evans. All files containing technical information, 
after immediate action by the Registry, are passed 
on to the Records Section, which is a special library 
concerned with technical information. In it, 
enclosures of a*technical nature are removed from 
the files and taken into Records. This arrangement 
is clearly on the same lines as that adopted by 
various research associations, but there is an aspect 
of it with which none of the speakers at the meeting 
appeared to deal. If a correspondence office, or 
Central Registry, or whatever it may be called, is 
to pass on correspondence of technical importance 
to another department, it must be able to recognise 
technically-important matter when it sees it. There 
is no reason to suppose that a purely clerical office 
will necessarily be able to do this. The whole 
subject is a difficult one, and those to whom it is of 
importance may certainly be recommended to obtain 
this informative report. 


Norts-East Coast InstrruTion oF ENGINEERS 
AND SHIPBUILDEBS. 


Fourteen general meetings were held during the 
62nd session, that for 1945-46, of the North-East 
Coast Institution of Engineers and Shipbuilders, and 
new ground was broken by the inclusion of a trade- 
union leader among the authors of papers, in the 
person of Mr. J. W. Stephenson, C.B.E., J.P., chair- 
man of the Confederation of Shipbuilding and 
Engineering Trades’ Shipbuilding Group Council, 
whose contribution was entitled “Science and 
Craftsmanship in the Engineering and Shipbuilding 
Industries.” It is stated in the report of the 
Council for the session, which report was presented 
at the annual general meeting of the Institution, 
held on October 18, that the net membership at the 
close of the session was 1,777, and that 121 members 
had been elected during the session. The Council 
reported with regret the loss by death of 22 members 
since the issue of the previous report. These in- 
cluded Rear Admiral G. H. Rock, U.S.N. (ret.), 
Honorary Fellow, and Sir William Isherwood, Bt., 
Mr. W. Hamilton, Mr. R. O. Patterson, Mr. C. H. 
Sandeman, Mr. H. G. Swift, and Mr. P. Wilson. The 
Honorary Fellowship of the Institution has been con- 
ferred upon Professor C. J. Hawkes, a past president, 
in recognition of his “ outstanding engineering and 
educational achievements, his devoted interest in 
the work of the Institution and the valuable and 
close association which he has maintained and 
developed between the Institution and King’s 
College, Newcastle-upon-Tyne.” Other honours 
conferred upon members include the election of Mr. 
H. B. Robin Rowell, who was installed as President 
at the meeting on October 18, to be a Fellow of the 
Institution. The report also draws attention to the 
fact that work is proceeding on the erection of new 
mile post at Newbiggin, and it is hoped that, during 
the course of the present 1946-47 session, the posts 
will be available for ship trials. The Council have 
referred the question of the application of radar to 
measured-mile trials to the British Shipbuilding 
Research Association, and it is now receiving the 
Association’s attention. During the session covered 
by the report, the Institution acceded to a request 
by the Tyne Improvement Commissioners for sup- 
port in the action taken to ensure that an adequate 
dredging depth be retained over the proposed tunnel 
under the Tyne between Jarrow and Wallsend. Mr. 
E. L. Champness represented the Institution in this 
matter. Appended to the report are the balance 
sheet and the income and expenditure account. 
These show that the Institution’s income amounted 
to 5,622/., and the expenditure to 5,5811. 


Navat War TROPHIES. 


The Admiralty have announced that a Swordfish 
aircraft, one of the type nicknamed “ Stringbag ” 
by naval pilots, is to be presented to the National 
Maritime Museum, Greenwich, London, 8.E.10, to 
commemorate the war at sea. Swordfish aircraft 
were described and illustrated in ENGINEERING, 
vol. 158, pages 13 and 47 (1944), and a review of a 
work by Mr. B. J. Hurren, entitled The “ Swordfish” 
Saga, will be found on page 5, ante. These aircraft 
were in operational use throughout the late war, in 
both Europe and Asia. They helped to cover the 
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engaged against the Italian Navy at Taranto and 
Cape Matapan, and one aircraft of a squadron 
scored a direct hit on the stern of the German 
battleship Bismarck. After this action, the aircraft 
concerned returned and landed safely on the deck of 
H.M.S. Ark Royal; heavy seas had made it impos- 
sible for other aircraft to operate. Swordfish air- 
craft were also engaged when the German battleships 
Scharnhorst and Gneisenau escaped from Brest and 
ran the gauntlet through the Strait of Dover. We 
are interested to learn that, since 1939, the buildings 
of the National Maritime Museum have been recon- 
ditioned and that 16 galleries have been prepared 
to receive exhibits illustrating naval activities in 
the wars of 1914-18 and 1939-45. Four other 
national museums, namely, the Imperial War 
Museum, Lambeth-road, S.E.1; the Museum of 
the Royal United Service Institution, Whitehall, 
8.W.1, the Science Museum, South Kensington, 
S.W.7, and the Royal Scottish Museum, Edinburgh, 
are also to receive relics which are being obtained 
by the Naval War Trophies Committee, headed by 
Admiral Sir Martin Dunbar-Nasmith, V.C., K.C.B. 
Sir Martin has at his disposal naval officers who will 
visit dockyards and shipyards seeking suitable relics 
to add to those already in the possession of the 
State. In addition to exhibits which can be 
obtained through official sources, however, the 
Committee hope to enlist the support of the general 
public to obtain personal relics, such as signed 
orders, letters, paintings and items relating to 
special features of the Navy’s work. We have 
been asked to state that information from official, 
semi-official and private sources which will aid Sir 
Martin Dunbar-Nasmith’s search will be welcomed 
by him at Room 50 (Mezzanine Floor), Queen 
Anne’s Mansions, London, S.W.1. 





LETTER TO THE EDITOR. 


FILING AND INDEXING. 
To THE Eprror oF ENGINEERING. 


Smr,—I was most interested to read the review of 
Mr. Roskill’s excellent report on filing and indexing 
in your issue of October 18, page 365, and I should 
like to comment on the common criticism made of 
classified systems as implied by your statement 
“the decimal system must have an alphabetical 
key.” None can deny that the statement as it 
stands is true, but what does need emphasising is 
that, whereas the lack of an appropriate heading in 
an alphabetical system may result in a complete 
loss of a reference unless a search is made through 
all the references available, in a classified system 
@ correspofiding lack of a heading in the alphabetical 
key merely necessitates the tracking down of the 
subject in the classified tables. By going from the 
general to the specific, one is eventually left with a 
certain number of the total collection of references, 
in which the item sought should be found. The 
better the classification tables are known, the 
easier becomes any such search. Similar conten- 
tions concerning an alphabetical system are difficult 
to put forward, and in any case would apply equally 
well to the alphabetical key of a classified system. 


Yours faithfully, 
D. V. ARNOLD. 
74, Tring Avenue, 
Ealing, W.5. 
October 25, 1946. 





INSTITUTION OF MINING ENGINEERS.—The proposed 
examinations for associate membership of the Institution 
of Mining Engineers are to be inaugurated next year. As 
stated on page 159, ante, the examinations will be on a 
voluntary basis for the first five years, but after April 30, 
1952, admission to associate membership will be restricted 
to applicants who have qualified through these examina- 
tions. They will comprise a prelimimary or qualifying 
examination and the associate-membership examination, 
which is divided into three parts. These three parts will 
be held concurrently in the first fortnight of July, 1947, 
and applications must reach the secretary of the Examina- 
tions Board of the Institution not later than May 1, 1947. 
Further particulars may be obtained from the secretary 


of the Institution, Salisbury House, Finsbury-circus, 
London, E.C.2. 


THE NILE FLOOD OF 1946. 


Tue annual Nile flood that has recently subsided 
has been one of the highest on record; certainly 
no similar one has been known since the year 
1878. The effects of these two abnormal floods, 
however, were markedly different. In 1878, wide- 
spread loss of life and property resulted ; in 1946, 
no deaths attributable to the flood were reported, 
and the damage to crops and buildings, although 
serious to the individual victims, amounted to a 
total that was much less than, at one time, seemed 
likely. So far as Egypt was concerned, the river 
was never out of control. One predominating cir- 
cumstance accounts for this gratifying result: for 
the first time, the full effective capacity of the Aswan 
reservoir was utilised for the storage of flood water. 
There were, of course, other contributory factors— 
an immense and carefully compiled mass of statis- 
tical information about the behaviour of the river 
could be drawn upon, and the river banks in Lower 
Egypt, where flood water-level rises high above 
country level, had been strengthened and well 
maintained—but if the Aswan reservoir had not 
been brought into service with judgment and resolu- 
tion, a disastrous situation might have developed. 

This successful full-scale experiment is peculiarly 
interesting because the reservoir was never intended 
to hold flood water. On the contrary, the normal 
regime of filling the reservoir was framed so that it 
only began when the celebrated red Nile water had 
spent itself. If water were to be stored at the peak 
of the flood, which occurs about the beginning of 
September, it was generally believed that such a 
load of silt would be thrown down as would seriously 
reduce the storage capacity ; yet there were weighty 
reasons why this opinion could not be left unsub- 
stantiated. Although no exceptionally high floods 
had been known since the Aswan dam was built, 
prophets were not lacking who asked what was to 
be done when the course of years inevitably brought 
along such a big flood. The only plausible answer 
was: hold back the surplus water in the reservoir. 

There was also another consideration. The ques- 
tion of generating hydro-electric energy at the 
Aswan dam had assumed greater importance, and 
any such project would be more promising if a 
substantial head could be kept on the dam through- 
out the summer, instead of the usual head of about 
2 m. only, as the Nile flowed through the fully- 
opened sluices. Together with a long series of 
observations on the silt content of the river, there- 
fore, cautious trials were begun in 1929 to study 
the actual effect of storing flood water. In that 
year, the sluices were regulated so as to raise the 
reservoir level to 101 m., or some 4 m. higher than 
usual. (River levels in Egypt are related to an 
arbitrary datum equivalent to mean sea level at 
Alexandria.) In 1934, the experiment was repeated, 
this time with the specific intention of relieving the 
river downstream of excess flood water. During 
the summers of 1935 and 1938, the levels were 
progressively raised to 105 m. and 107 m., respec- 
tively. Then the whole available evidence was 
reviewed. It suggested that the silt danger had 
been over-rated : only inconsiderable deposits could 
be proved to have been left behind in the reservoir. 
Thus there was little hesitation in 1943 in bringing 
up the reservoir level to 109 m. 

In the summer of 1946, because of the prevalent 
food shortages that the war had created, it was 
exceptionally important that the Nile flood water 
should be used to fertilise the greatest possible 
crop, and should not be allowed to destroy crops by 
infiltration or inundation. This circumstance, 
obvious though it seems, has a considerable influence 
on the control of the river. The flood system of 
irrigation practised in Upper Egypt depends upon 
a series of vast ‘‘ basins”’ that can accommodate 
a very large volume of water—something of the 
order of 6 milliards. (A milliard is here used to 
signify 1,000 million cub. m., or 1 cub. km.) In 
accordance with agricultural needs, this water is 
drawn from the river as dictated by a pre-arranged 
programme, extending from early August to late 
October. If water were let into the basins earlier 
than this, in the hope of keeping down the river 
level, it would destroy earlier crops still waiting to 





be gathered. Only in the last extremity could this 
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expedient for flood relief be considered this year, 
The earliest news of what the rising Nile is likely 
to do comes from the gauging station at Roscires, 
in the Sudan, a little downstream of the point where 
the Blue Nile leaves Ethiopia. As the reading here 
was already nearly 2 m. above normal on August 7, 
it was clear that something out of the ordinary 
might be expected. By August 10, this gauge. 
reading had risen to the record height of 22-48 m., 
and'on August 24 a still higher figure of 22-68 m. 
was recorded—nearly 3} m. above normal summer 
maximum. As flood water takes about 12 days to 
traverse the 2,500 km. down the river from Roseires 
to Aswan, the irrigation authorities were allowed 
time to make their dispositions to meet a highly 
disturbing situation. Disturbing it certainly was. 
for the gauge readings telegraphed from the White 
Nile and the Atbara river were no more reassuring 
than those from the Blue Nile. There was no 
question about the need for storing water in the 
Aswan reservoir; early in August, regulation on 
the sluices began and the water level was raised to 
about 101m. From the 20th of the month onwards, 
the level mounted continuously. 

The hydraulic problems which thus arose were, 
how to hold back the amount of surplus flood water 
that would just fill the reservoir, and how to release 
the main flow through the sluices in the most 
uniform manner. The ultimate object was to ensure 
that at no time did the river level near Cairo rise 
higher than could be avoided. This was the best 
that could be done to protect the capital and the 
entire river system of Lower Egypt. Now there 
was & long-established correlation between the Cairo 
water level and the reading on the Aswan town gauge, 
situated at the foot of the First Cataract, 10 km. 
downstream of the dam. This gauge served as a 
historic criterion of the amount of water entering the 
cultivated lands of Egypt: any reading above 
93-3 m. had been regarded hitherto as dangerous. 
In 1946, this figure was reached on August 25. 
Of course, the sluices in the dam could have been 
controlled so as to maintain this reading, but that 
might have meant a premature filling of the reservoir 
and later a much augmented outflow. Accordingly, 
the Aswan town gauge was allowed to rise to the 

93-5 m., and finally, on September 9, to 
93-6 m., where it was held until September 22. 
How well-judged these operations were was proved 
by the behaviour of the reservoir level. It never 
rose above the figure 117 m.—on September 18— 
which accords very fairly with a full reservoir. 
The inhabitants of Cairo could judge in a simpler 
fashion ; no flood water directly entered the city. 


While awaiting the official account of the flood, 


it is interesting and profitable to study the informa- 
tion already available. It reveals new facts and 
gives additional point to known facts; for example, 
the vulnerability of the Sudan, in contradistinction 
to Egypt, was brought sharply into relief. Its 
two storage reservoirs—at Sennar on the Blue Nile 
and at Gebel Awlia on the White Nile—had quite 
unimportant storage capacity in the conditions then 
prevailing. Throughout its whole visible course, 
the Blue Nile reached unprecedented levels ; during 
the month of August, its total discharge—24 
milliards—was 54 per cent. above the mean value. 
Extensive flooding occurred in the towns of Khar- 
toum and Omdurman; the main airfield at Khar- 
toum was put out of action; and the railway from 
Khartoum to Atbara, along the right bank of the 
main Nile, was likewise closed for traffic. Farther 
north, the river discharge was modified in a quite 
unexpected manner; very large volumes of water 
overflowed into the surrounding country, which 
thus served as a natural flood escape and materially 
relieved the situation in Egypt. The rate at which 
water was stored in the Aswan reservoir amounted 
at times to 13 per cent. of the daily flow passing 
Wadi Halfa. Making allowance for the immense 
volumes of irrigation water taken from the river 
below the dam, totalling perhaps 11 milliards 
during the ten weeks of the “basin” irrigation 


season, this means that reservoir storage reduced 
the maximum flow at Cairo by something like 15 per 
cent. The rate of energy dissipation as the river 
traversed the Aswan sluices far surpassed any 
previous performance. Taking the maximum dis- 
charge at 1 milliard per day, and the maximum 
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head-difference as 20 m., the equivalent horse-power 
is about 3 million. 

Egypt’s fortunate deliverance naturally stimu- 
lated discussion of better means of flood protection. 
Until recently, the competing schemes were the 
Wadi Rayan project and the enlarged Aswan reser- 
yoir project, The Wadi Rayan is a natural depres- 
sion in the desert, about 100 km. 8.8.W. from Cairo 
and 50 km. west of the Nile. An escape channel, 
directly connected to the river, would divert surplus 
flood water into the depression, where it would be 
left to evaporate. If a rate of evaporation of 
] milliard per annum on a surface area of 560 sq. km. 
were allowed, the quantity of water thus disposed 
of in two years would be comparable with the 
volume stored in the Aswan reservoir this year. 
As for the alternative plan of enlarging the reservoir 
itself, this might be done either by heightening the 
original dam for the third time, or by building a 
completely new dam on an adjacent site. Only 
within the last year or two has still another possi- 
bility been brought into the discussion : an entirely 
new flood storage reservoir might be formed in the 
Sudan. Located near the foot of the Fourth Cata- 
ract, about midway along the Nile between Khar- 
toum and Wadi Halfa, it would be capable of absorb- 
ing any conceivable volume of surplus water before 
it approached the cultivated lands of Egypt. 

Studying these proposals afresh in the light of 
this summer’s experiences, it will be found that the 
Wadi Rayan scheme could never be more than 
partly successful; it would give no protection to 
any point in the Nile valley upstream of the intake 
canal head-works—or, at least, upstream of the 
drop-down curve associated with them. Nor could 
the rate of diversion of surplus water be conveni- 
ently regulated ; it would be too closely dependent 
upon the water level in the river. When the surplus 
water finally reached the depression and formed an 
artificial lake there, it might seek unauthorised 
means of exit. Critics have brought forward fairly 
sound evidence to suggest that water would per- 
colate from the Wadi Rayan into the adjoining 
depression of the Fayum. As this area is richly 
cultivated, saline infiltrations would be unwelcome. 

In assessing any proposal at Aswan, it is difficult 
not to be favourably predisposed by the gratifying 
outcome of this summer’s experiment there. It is 
true that all the results of that experiment are not 
yet known, nor how the regulating gear at the dam 
withstood its severe treatment. It is not known 
how many million tons of silt remain in the reservoir 
bed. On the other hand, it is possible now to 
visualise more clearly the problems that a further 
raising of the reservoir level would involve; for 
example, the little town of Wadi Halfa, at the head 
of the present reservoir, might be completely sub- 
merged, and its rail, river, and air communications 
would have to be completely rearranged. At a 
distance of 600 km. upstream is the Fourth Cataract, 
the proposed site of the third and most attractive 
flood-relief scheme. The only really positive 
information yet available is itself negative: it is 
to the effect that the site was examined 40 years 
ago, as an alternative to the Aswan site, and was 
then rejected as unsuitable. Why must this verdict 
now be reversed ? Only conjectures are permissible 
at this stage. It can be argued, for example, that 
what the surveyors were looking for in 1906 was a 
place in which to store valuable water during the 
winter ; what they want now is somewhere to get 
rid of surplus summer flood water. In the space of 
40 years, too, the art of dam construction has 
advanced to such an extent that what was deemed 
to be impracticable in 1906 may be well worth 
studying now. At any rate, the ian Minister 
of Public Works recently announced that the works 
might cost 20,000,000/.—a véry considerable sum. 

So complex is the question of Nile control, 
however, that even if such a sum could be made 
available immediately, it does not follow inevitably 
that it could be spent most profitably upon flood- 
relief schemes. If the existing system has successfully 
withstood the worst flood of the Twentieth Century, 
it may be asked why the authorities should trouble 
any more about the flood problem, and whether 
they might not continue to concentrate upon the 
programme of works designed to make the fullest 
possible use of Nile irrigation water. 


cages 





INDUSTRIAL RESEARCH LABOR- 
ATORIES AT WOLVERHAMPTON. 


FounpED in 1854 to produce and market domestic 
hollow-ware, the firm of Messrs. Joseph Sankey and 
Sons, Limited, Albert-street Works, Bilston, Stafford- 
shire, took up the manufacture of stampings for elec- 
trical applications in 1887. At the present time the 
firm’s Bankfield Works, Bradley, Staffordshire, are 
concerned entirely with the production of electrical 
stampings and transformer laminations, and obtain 
most of their silicon-iron sheets from the company’s 
Manor Works, Ettingshall, Wolverhampton, which have 
been producing al] grades of steel sheets for vhe electrical 
industry since 1905. Messrs. Sankey’s 4 per cent. 
silicon-iron material, Stalloy, was first produced in the 
Manor Works. A fourth plant, the Hadley Castle 
Works, at Wellington, Shropshire, produces a wide 
range of pressings for the motor-car manufacturing and 
other industries, including chassis frames, wheels and 
steel furniture. The firm also own a factory at 
Bhandup, Bombay, where die stampings are made for 
the Indian market. By far the greater proportion of 
the silicon-iron sheets produced by the firm for the 
electrical industry, are at present made by hot rolling at 
the Manor Works, but the special advantages, namely, 
relatively low hysteresis loss and high permeability, 
offered by material the structure of which has been given 
a highly preferred degree of orientation by cold rolling 
and annealing, are under active investigation. 

A Steckel rolling mill for the cold reduction of 
silicon-iron is now being installed and its erection is 
practically completed. It is of the four-high type, 
comprising two working rolls and two backing-up rolls, 
the diameter of the latter being much greater than that 
of the former. Another characteristic of the Steckel 
mill, it may be recalled, is that the rolls are not driven, 
the strip being passed to and fro through the mill by 
means of electrically-operated coilers situated on each 
side of the roll stand. The present rolling mill, which 
was supplied by Cold Metal Products Company, Youngs- 
town, Ohio, U.S.A., has a maximum speed of 3,000 ft. 
per minute, the coilers being driven by a 600 h.p. 
direct-current reversing motor. All the steels used by 
the firm are purchased in sheet-bar form, but when 
small quantities of special melts are required these may 
be produced in a 15-cwt. electric-are furnace which is 
also used for making experimental alloys. 

The activities of the firm’s works give rise to various 
technical problems, and in order to examine them, to 
improve existing methods and processes and to carry 
out investigations on new materials and products, a 
research department has been built and equipped. The 
department, which was officially opened by Professor 
Sir Lawrence Bragg, O.B.E., F.R.S., on October 17, is 
situated at the Manor works and, at present, it is mainly 
concerned with questions relating to the production, 
processing and testing of silicon-iron sheets for the 
electrical industry. For administrative purposes, the 
staff of the research department is grouped into three 
main sections, namely, the electrical, the physical, and 
the metallurgical and chemical departments. Each 
of these has its own superintendent working under the 
director of research, Mr. N. F. Astbury, M.A., F.Inst.P., 
A.M.L.E.E. In the electrical section, several hundred 
routine tests on production material are carried out 
weekly. The Lloyd-Fisher “ square ’’ method for the 
measurement of total losses in magnetic sheet material, 
as described in British Standard Specification No. 601- 
1935, forms the basis of the tests. The apparatus avail- 
able, however, includes a novel instrument for making 
total-loss measurements on straight strips. In this, the 
loss is estimated in terms of the torque developed in 
a short-circuited coil suspended closely round the 
central portion of the test specimen. An interesting 
piece of apparatus which is being developed is one 
designed to improve or facilitate routine testing. This 
consists of an electrical calculating machine, associated 
with an ordinary Lloyd-Fisher square. From a know- 
ledge of the number, dimensions and mass of the test 
strips, the density of the material, the test voltage and 
the wattmeter reading, the result in the form of loss, in 
watts per pound of the material, at values of B max. 
of 10,000 gauss (13,000 gauss in the case of Stalloy) 
and at a frequency of 50 cycles per second, may be 
read off directly from the test board of the calculating 
machine. Hitherto, the necessary evaluations have 
been carried out by means of large charts which, it is 
pointed out, are cumbersome and tiring to use. They 
are also inflexible and require lengthy preparation for 
any new sets of values. It is confidently expected that, 
by the adoption of the calcula’ ing machine, testing will 
be improved in accuracy and reliability, with a saving 
of from 20 to 30 per cent. in man-hours. 

Among other equipment in the electrical section are 
apparatus for the routine measurement of permeability ; 
an Owen bridge for the measurement of complex 
permeability at audio-frequencies under various condi- 
tions of polarisation ; and a simple circuit from which 
the silicon content, over the range 0-5 to 5 per eent., 
of a given specimen of sheet, steel, of ;known mass, 





density and dimensions, can be read directly from the 
dial of a meter. In the electrical section are also 
included apparatus for making two non-electrical tests, 
namely, the reverse-bend test for brittleness, and 
machines for testing the quality of finish of the sheets, 
i.e., for determining the ‘‘ space factor.”” In this con- 
nection, British Standard Specification No. 601-1935 
stipulates that the actual volume of metal in a stack 
of 100 pieces of sheet 3 in. square, calculated on a 
weight basis, shall be not less than 92 per cent. of the 
space occupied by the pieces. A specific gravity of 
7-55 is assumed. 

In the chemistry laboratory is to be found equip- 
ment for performing routine analytical tests and, in 
addition, a Strohlein apparatus for the determination 
of high-carbon contents and a Spekker photo-electric 
absorptiometer for the estimation of traces of elements 
in steels. A new ‘‘ Conductometric”’ method for the 
simultaneous determination of carbon and sulphur is 
now under investigation. This apparatus follows 
closely the well-known method of sulphur and carbon 
determination by combustion. The sample of iron is 
burned in oxygen and the sulphur dioxide evolved 
collected and oxidised to sulphuric acid in an absorption 
cell. In the ordinary combustion method, this small 
quantity of sulphuric acid is estimated by volumetric 
titration. In the new Conductometric apparatus use 
is made of the change of electrical conductivity of the 
liquid in the absorption cell when this small quantity 
of sulphur dioxide is absorbed and oxidised. Over a 
considerable range the conductivity of the solution 
bears a linear relationship with the quantity of absorbed 
sulphur dioxide. Thus, a number of samples may be 
dealt with without changing the solution in the absorp- 
tion cell, and their individual sulphur contents mea- 
sured by the incremental] changes as measured on a con - 
ductivity bridge. The carbon content in the sample 
of iron is evolved as carbon dioxide. This passes 
through the sulphur cell and is absorbed in a similar 
cell containing ium hydroxide. The precipitated 
barium carbonate causes a decrease in the electrical 
conductivity of the solution, and consequently the 
carbon content can be measured by the incremental 
change in conductivity. Work is in hand to provide 
automatic recording on the conductivity bridge by 
means of a scanning method, when the information 
derived from both cells may be recorded simuJtaneously 
against time. The metallographic laboratory, which 
constitutes a section of the chemical and metallur- 
gical department of the. research organisation, con- 
tains a Vickers’ projection microscope, a Baird and 
Tatlock Bakel te moulding press for mounting metal 
specimens for convenience of handling during polishing, 
turn-table polishing machines of the normal type, and 
other apparatus. Experiments are being conducted 
on an electrolytic-polishing cell; although electrolytic 
polishing has met with success in other fields, there are 
difficulties in its application to silicon-iron alloys, and 
these are under investigation. In a separate room a 
large Hilger quartz spectrograph and ancillary equip- 
ment have been installed. 

In the physics section, measurements of the physical 
properties of steel, both at normal and at elevated 
temperatures, are being made, and, as an aid in their 
application, model hot-rolling and cold-rolling mills 
are available. With the aid of the latter, the variation 
of physical properties with cold working can be fol- 
lowed. The variation of elastic properties with direc- 
tion, in material having a crystalline structure which 
has been giver a highly preferred degree of orientation, 
may be used to obtain information concerning the 
electric properties of the material. Some of the conse- 
quences of anisotropy are demonstrated by means of 
torque magnetometers, and these measurements of 
magnetic anisotropy may be correlated with elasticity 
measurements conducted on the same material. The 
magnetic anisotropy of cold-rolled sheet may also be 
used to control the rolling processes, the aim being to 
produce optimum orientation conditions in the finished 
sheet. The magnitude and nature of the anisotropy 
torque exerted on a polycrystalline specimen, magne- 
tised to saturation by an applied magnetic field, is 
measured in the torque magnetometer and, from the 
results obtained the extent to which the sample is 
oriented can be estimated. In the physics department, 
X-ray investigations of a semi-routine nature have been 
carried out for some time, and have already proved 
useful in assessing the value of work’s processes, particu- 
larly annealing treatments. In addition, research work 
of a more fundamental nature, to determine the struc- 
ture of steels and the changes which the structure under- 
goes in various processes, is being undertaken. 





New Swiss-ITanian RatLway.—According to the 
Railway Gazette of October 25, 1946, a scheme has been 
prepared for connecting Switzerland with Italy by a new 
line from Orsiéres to Aosta. This line, which would pass 
under the Great St. Bernard Pass in a tunnel, would be 374 
miles long, and would shorten considerably the route from 
France to Northern Italy via Vallorbe and Lausanne. 








THE PLACE OF RESEARCH IN THE 
IRON AND STEEL INDUSTRY.* 


In outlining certain aspects of the development of 
the research organisation of the British iron and steel 
industry, it will be found that it falls into three parts— 
competitive research in special products, co-operative 
research, and independent academic research. The 
proper interrelations of these are a matter of con- 
siderable importance. The high technical position of 
British steel in the past century is unquéstionable, and 
arose through the enterprise of those who took advan- 
tage of our then good natural resources, to meet the 
great demands of an expanding industry. The high 
EE of British steel still persists throughout the 
world. 

The first quarter of this century saw the great 
expansion of the American steel industry with which 
at first, perhaps, we failed to keep ‘pace, but so great 
an advance was made in the ten years before the 
Hitler war that this leeway was almost made up. The 
six years of war, with the consequent standstill of plant 
building and the diversion of research facilities to 
immediate war problems, made us again fall behind. 
It is remarkable how many people do not appreciate 
that such weaknesses as there may be in the iron and 
steel industry are almost entirely due to the war. Our 
objective is to produce in this country better qualities 
of steel at equal or less cost than anywhere else in the 
world, and we must be the first to introduce new steels 
and new processes, just as we are generally the first to 
discover them. 

Fortunately, on the research side, as well as on other 
sides, there is a strong basic organisation. Most of the 
major steel makers of this country have well-equipped 
and well-staffed research and design laboratories, and 
some of these are outstanding. Their natural pre-war 
expansion, held up for six years, is in full swing again, 
and before long their total size will be double the 1939 
figure. The importance of works research laboratories 
striving to maintain the competitive position of the 
various products of the industry remains unchallenged, 
even in this present revolutionary age, in which 
co-operation is such a popular word. There is also 
great strength on the academic side, although there 
exists the need for considerable expansion. Co-opera- 
tive research will be dealt with here in most detail, 
because that is the key word of the Research Association 
movement, although there are other important types 
of co-operation which will be mentioned later. Some 
idea of the growth of co-operative research in Great 
Britain may be gathered from the fact that in the 
expenditure of all the Research Associations there has 
been an increase in the past ten years from 300,0001. 
to over 1,000,000/. a year. 

Co-operation in the iron and steel industry goes 
back a long way, to the founding of the Iron and Steel 
Institute and of many local metallurgical and engi- 
neering societies in the past century. It was limited, 
however, by the competitive atmosphere of the times. 
A significant step was taken during the 1914-18 war, 
when the various committees were set up under the 
Tron and Steel Institute to investigate certain pro- 
blems which were troubling the industry as a whole. 
Most of these committees died with the end of that war. 
Soon after 1918, an important event took place in 
another direction ; the executives in the steel industry 
set up the National Federation of Iron and Steel 


Manufacturers to tackle some of their major common | th 


problems. Before long, those concerned realised that 
the firms’ common commercial problems were inti- 
mately related to their common technical problems. 
They therefore provided one of the prime needs of 
research, whether co-operative or otherwise—money— 
and set up a Fuel Economy Committee and research 
group. The National Federation of Iron and Steel 
Manufacturers became the British Iron and Steel 
Federation, and the fuel-economy research staff became 
the Technical Department of the Federation under the 
Iron and Steel Industria} Research Council. The 
Department of Scientific and Industrial Research gave 
notable financial and other assistance, and joint com- 
mittees were set up with the Iron and Steel Institute 
in many important fields of research. Both organisa- 
tions prospered and made important contributions to 
the recent war effort. 

The great event came during the last part of the 
war. On the advice of the D.S.I.R. and in consultation 
with the Institute, the Federation set up an autonomous 
body, the British Iron and Steel Research Association, 
the Federation undertaking on behalf of the industry 
the provision of the basic funds. The research activities 
of the Industrial Research Council and of the Joint 
Committees of the Institute, together with those of 
another small but active party in South Wales, became 





* Statement issued by the British Iron and Steel 
Research Association, based on addresses by the Director, 
Sir Charles Goodeve, F.R.S., to the Sheffield Society of 
Engineers and Metallurgists, and the Newport Metal- 
lur ical Seciety. Abridged. 
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embodied in the new organisation on January 1, 1945. 
In the Research Association we have a with the 
finance and the power to take us farther along the road 
of co-operation; not only in conjunction with its 
parent bodies, but also with many other bodies, 
including older research associations, such as the British 
Refractories Research Association, the British Non- 
Ferrous Metals Research Association, the British Cast 
Iron Research Association, the British Coal Utilisation 
Research Association, etc. Some ill-informed people 
look upon the lateness in the setting up of a Research 
Association for iron and steel as an example of con- 
servatism on the part of the industry. They forget 
that, for over 15 years, the Technical Department of 
the Federation and the Joint Committees have been 
effectively a research association, with an activity and 
expenditure in co-operative research such that it joins 
the ranks of the three leading research associations in 
the country. They forget also that in this industry 
there have existed for many years some of the best 
works research laboratories in the country and that 
the expenditure on research in those laboratories has 
been many hundreds of thousands of pounds a year. 
With perhaps two exceptions, all other research asso- 
ciations serve industries which have no _ research 
laboratories, or practically none, of their own. The 
iron and steel industry has always been} and remains, 
in the forefront in nised research and, in addition, 
has a healthy attitude of self-criticism coupled with a 
desire to do more. 

We have now three closely linked yet autonomous 
bodies serving the industry and the people in it, namely, 
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question that comes to mind is how does this research 
fit in with that carried out by the universities, by the 
laboratories of member firms, and by other research 
associations and organisations such as the Nationa] 
Physical Laboratory ? This is best illustrated perhaps 
by the diagram herewith. The abscisse represent the 
activities of scientists laid out in order, from pure science 
on the left to applied science on the right. The 
definition of these groups is largely bound up with the 
objectives : it will be seen that the principal objective 
of university laboratories is the “ advancement of 
knowledge,” whereas the objective of research jn 
industrial laboratories is primarily the “ benefit of 
mankind.” 

The diagram shows that a research association such 
as the British Iron and Steel Research Association lies 
in a position between the university and industria] 
laboratories. It is concerned primarily with back. 
ground or objective research and with new techniques, 
processes, etc., of common interest. It will prefer to 
support fundamental research in the universities rather 
than do such work in its own laboratories, unless there 
are special reasons for the contrary. Also, in general, 
it will expect the firms’ own laboratories to carry 
technical developments through to the applied stage, 
to carry out works’ investigations, ete. It is extremely 
important that it should be arranged somehow that the 
present enormous gap in time between the discovery of 
new scientific knowledge and its application be reduced 
considerably. 

It will be seen from the diagram that there is no 
sharp line between the work of these three types of 




















the Federation, the Institute, and the Research Associa- 
tion. Between them, they cover all the required fields 
of co-operative activity. Broadly speaking, the 
Federation propounds the policy and provides mach- 
inery for giving effect to it, the Institute provides for 

e technical int ts of the men in the industry, and 
the Research Association the technical and research 
needs of the industry itself. The Institute is the 
“learned society ’’ dealing with iron and steel. In the 
near future, it plans to increase its activities in many 
directions, including improved publications, specialised 
types of conferences, closer links with and assistance to 
the many local Institutes in the iron and steel-making 
parts of the country, library and technica] information 
service, training schemes for men in the industry or 
who might come into the industry, and links with steel 
technologists and scientists in other parts of the world. 
Some of these functions the Institute will carry out with 
the help of the Federation and of the Research Associa- 
tion ; for example, the Federation also takes a close 
interest in training personnel and public relations 
generally. 

The Federation’s principal objective is to ensure that 
the industry is efficient and is carried on in a way that 
is to the national interest, this being the most effective 
way of securing the well-being of the industry itself. 
It must, therefore, carry out continuous economic and 
statistical research into the industry as a whole, and in 
this work the Research Association will play an active 
part. The Federation is also responsible for ensuring 
that new works proposed by the firms of the industry 
fulfil an economic need and also, on the advice of the 
Research Association, that these works incorporate the 
latest knowledge of science and engineering, this know- 
ledge being provided by the whole corporate body of 
the industry and the Research Association. 

One of the main functions of the Research Associa- 
tion, of course, is to carry out research, and the first 

















organisations ; it is extremely important, in fact, that 
there should be considerable overlapping of function. 
If, for example, an industrial laboratory did not do a 
substantial amount of fundamental research it would 
rapidly become sterile and unable to fulfil its function. 
It is now well recognised that the extension of co- 
operative research activity in the Research Association 
does not reduce the need for research laboratories in 
firms’ works, but, indeed, increases this need. These 
three types of organisation, the university, the research 
association and the works’ laboratory, act in series, not 
in parallel. The setting up of a research association 
should partly eliminate a bottleneck in the middle, but 
unless works’ laboratories are also increased we shall 
run into a further serious bottleneck at the end when 
application of research begins to produce commercial 
results. 

The meaning of the diagram can be further illus- 
trated by the following example. The development 
ef steels for high temperature is an important field in 
which Britain leads the world. These technical 
advances were made largely by competitive research 
in works’ laboratories, but the laboratories are out- 
reaching the background knowledge and have not the 
time nor facilities to gain it. This background will be 
obtained, first, by pooling some of the existing know- 
ledge through the Research Association and then by 
undertaking the missing experiments necessary to 
complete the picture. With this broadened base of 
knowledge, competitive research in works’ laboratories 
will carry British high-temperature steel to greater 
heights of technical achievement. The Research 
Association’s excursions into the applied field will be 
mainly on problems of wide application, such as 
treatment of sinter, improved port design in open- 
hearth furnaces, closer-tolerance cold strip, ete. 

The diagram shows the general distribution of re- 
search, but it is interesting to know how and where 
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it is proposed to earry this out. It has been decided, 
at least at this stage, not to attempt to centralise the 
research work of the Association in any one laboratory, 
but rather to continue the policy of the parent bodies 
of using all the existing research facilities in the coun- 
try, supplementing these, where efficiency demands it, 
by special groups or research stations dealing with 
certain fields. This policy is in accordance with one of 
the great lessons of the war and of Government research 
in peace time, that centralised research suffers from 
many disadvantages which more than offset the advan- 
tage of simplified administration. 

The outside existing facilities that will be used can 
be listed under three headings, namely, university 
laboratories, other research association or research 
institute laboratories, and works’ laboratories. Obvi- 
ously, the research contracts that will be put out to 
universities will be either for pure fundamental research 
in metallurgy or for background research in special 
topics. The contracts which are made with firms will 
be largely for operational investigations or for develop- 
ment work of new processes of general interest to the 
industry as a whole. In addition, it is expected that 
firms will throw into the pool of the Research Associa- 
tion the results of work carried out on their own 
initiative, as they have done in the past. It is obvious 
that the bulk of the Iron and Steel Research Associa- 
tion’s work on refractories will continue to be put to 
the British Refractories Research Association, the work 
on coke to the British Coke Research Association, and 
so forth. In these cases, the Research Association’s 
task will be to ensure that the iron and steel industry’s 
problems are specifically dealt with in the research 
work in these allied associations, and that the results 
are applied. 

It is too early yet to say definitely what research 
stations the Association will have of its own. It has 
now, and will continue to have, a corrosion-testing 
station to act as a centre of field investigations in this 
subject. This station has its trial grounds in different 
parts of the country, and even abroad. In it will be 
centralised all the applied knowledge existing in this 
field. The Association will also, however, support inde- 
pendent parties, such as that under Dr. U. R. Evans, 
in Cambridge, but such parties will have close links with 
the central station. The Association is also planning 
to set up in Swansea a coatings research station to 
specialise in all problems concerned with metallic and 
other inorganic coatings on steel. It will deal with 
pickling, cleaning, scaling, tinning and galvanising, 
vitreous enamelling, phosphate treatment, etc., and 
steel problems associated therewith. In this station it 
is hoped to carry out both fundamental and applied 
research work. In all of this work there will be close 
links with the works’ laboratories concerned with this 
field of activity and also with the users of the produce, 
such as the tin-plate users, vitreous enamellers, etc. 
The setting up of a metal-flow research station, jointly 
with the makers of equipment for working metals, is 
being considered. As the problems of metal flow are 
common to all metals, it is hoped that this station will 
serve also the non-ferrous metals industry, There are, 
of course, many other fields which the Research Asso- 
ciation will cover. Some, such as blast-furnace and 
open-hearth researches, have been established for many 
years, mainly at Imperial College and at Stoke-on- 
Trent. These will require some extension, and, perhaps, 
reorganisation. Others, such as moulding port high- 
temperature steels and instruments, are also partly 
covered, but much increased facilities will be required. 

A very important side of the Research Association’s 
activities is the provision of a mechanism whereby the 
brains of the people in the industry (and outside, in 
universities, etc.) can be applied to the benefit of the 
whole of the industry as well as to that of the particular 
firm in which they work. It is a problem which will 
require continuous study, and the help of everyone in 
the industry. First, a system of committees and sub- 
committees has been set up in close relation with the 
whole of the research work of the Association. Member- 
ship of these committees implies an obligation to apply 
the individual’s knowledge to the benefit of the whole 
of the industry. Many of these committees, of course, 
have existed for a long time, but it is a very satisfactory 
omen for the future success of the steel industry to 
see the frank and open discussions which take place 
in these committees, and the general spirit of co- 
operation. 4 

The second mechanism is a system of confidential 
publications whereby the new equipment, processes, 
vetc., developed by individuals in particular works can 
be fully described and brought to the attention of all 
others in the industry who might be able to make use 
of them. Many firms have equipment or experiences 
in particular parts of their w which are remarkable 
advances on the average found in most works ; it may 
be a new type of mud-gun, a new use of a control 
instrument, or a new method of working a furnace 
charge. It is important to get these widely known 
and criticised by other people, not only to improve the 
overall efficiency of the industry, but for the benefit 


of the originator of the idea-himself. Writing up a 
new development or experience is, of course, an 
important factor in clarifying in the mind of the writer 
exactly what he is driving at, and the comments that 
he will receive from other people will either strengthen 
his conviction of the importance of his conclusions or 
lead him to improve them or modify them in one way 
or another. 

There are other ways of meeting our objective, such 
as by conferences and discussions, and here the Associa- 
tion will work closely with the Iron and Steel Institute. 
It should be emphasised, however, that, by committees, 
papers or conferences, we shall only succeed partly in 
tapping the brains in the industry for the benefit of 
the whole. It is to be hoped that we shall reach a state 
when every man in the industry feels that he is part of 
the whole, as well as part of his firm ; and that, whether 
or not he is off a committee or has an opportunity to 
speak at a conference, he will, rere responsible 
officials in his firm, put forward to us ideas which he 
considers may be of wide interest. 

There are two other important types of co-operation 
in research. The first is co-operation with the suppliers 
of equipment and raw materials to the iron and steel 
industry, and also co-operation with the users of iron 
and steel. It is difficult as yet to assess the degree to 
which that co-operation already occurs. Some say 
that it is already very extensive, but, on the other 
hand, there are many instances of lack of co-operation. 
These usually arise from the fact that a buyer often 
feels that he must use e possible means to knock 
down the price demanded by the seller. As a short- 
term policy this is sometimes useful, but from a long- 
term or national point of view, such a policy can do 
nothing but harm. The Council of the Research 
Association have laid down as a strong point of policy 
that the research work of the Association is to be done 
in full co-operation with the suppliers serving the 
industry and the users of its products. Most of the 
Association’s work and organisations are already pro- 
ceeding well in accordance with this policy. 

The other is co-operation with labour. At the mo- 
ment, the position is good, for the workmen of the 
country are becoming more and more research-minded. 
Mr. Arthur Horner, at a recent Institute of Fuel 
luncheon, stated that miners formerly opposed research 
and technical developments, which led to economy in 
the use of coal, because they might lead to less coal 
being required and miners being put out of work. 
Now, he said, they had turned completely round and 
looked upon any man as their friend who made the 
material they had won so hardly with their hands 
worthy of their work. In the same way, workers all 
over the country are beginning to demand that the 
tools that are given to them are worthy of the skill 
of their hands and brains. May they keep up this atti- 
tude when times are hard. The picture is, therefore, on 
the whole a cheerful one. Given the drive and energy 
that has been displayed during the past six and a half 
years, we should undoubtedly achieve our objective 
before many years have pares: f 





DIELECTRICS FOR 
TELECOMMUNICATION PURPOSES. 


Iw his inaugural address as chairman of the Radio 
Section of the Institution of Electrical Engineers, 
which was delivered on Wednesday, October 9, Pro- 
fessor Willis Jackson reférred to some recent develop- 
ments in the field of dielectrics which were of particular 
interest to tel ication ineers. Until a few 
years ago, the dielectric materials in general use were 
chemically and structurally so complex that it was 
virtually impossible, except in broad generalisations, 
to explain their behaviour in terms of that of the 
simpler materials which were being subjected to 
scientific study. Now there were available materials 
suitable for technical application which, though not 
strictly simple, were sufficiently uniform chemically 
and structurally for profitable scientific work to be 
carried out upon them, and which had the great merit 
that, being prepared synthetically by controllable pro- 
cesses, the effect of variations in composition and 
processing could be studied systematically. The time 
was approaching rapidly when the chemist and ceramist 
would be able to produce new materials to specific 
mechanical and electrical requirements. This called 
for a much closer collaboration between the electrical 
and chemical industries than was the case before the 
war. 

It was appropriate to consider the recent develop- 
ments under the headings of carbon, silicon and 
titanium compounds. The basic elements in these 
three classes of com ds occupied analogous posi- 
tions in the second, third and fourth periods of the 
periodic table, and each normally behaved in a tetra- 
valent manner. Am the carbon ioe we 
polythene, polyisobutylene and aot rage had chemi- 
cal structures which were related to their physical 








characteristics. They had the common features of a 


low softening point, a low permittivity and a low and 
sensibly frequency-independent power factor. Poly- 
thene was a tough material, which remained flexible at 
temperatures well below zero, and had found wide- 
spread application for radio-frequency cables and 
mouldings. Polyisobutylene was soft and rubbery, 
and had been used to some extent as an admixture 
with polythene for cable purposes, while polystyrene, a 
hard glass-clear solid, had been widely used for mould- 
ings and machined products, Both polythene and 
polystyrene were being prepared in the form of flexible 
film, and attempts had been made to effect a substantial 
increase of permittivity with a view to affording a 
replacement for paper in smal] condenser manufacture 
by the incorporation of finely divided high permittivity 
materials. Polythene differed from polyisobutylene 
and polystyrene in that it was partly crystalline. It 
also had the highest softening point, owing to its 
closer chain packing and the resulting stronger cohesive 
forces between adjacent chains. These forces, and with 
them the i int, were increased considerably 
when fluor’ne took the place of hydrogen, as occurred 
in the recently developed polytetrafluorethylene. This 
material was analogous to polythene both structurally 
and in physical properties. It was available as yet in 
smal] quantities only, but, in spite of the difficulties of 

rocessing at 350 deg. C., experimental lengths of cable 
ior use at very high frequencies in locations of high 
ambient temperature had been produced satisfactorily. 
A very important property of each of these four ma- 
terials was their substantial freedom from dielectric 
loss over the practical range of the frequency spectrum. 

The silicates of most direct electrical importance were, 
of course, the micas, which occupied a unique place 
among insulating materials owing to their cleavage 
property. This was so remarkable a feature of nature 
that its reproduction in the laboratory might reasonably 
have been regarded as beyond the bounds of possibility. 
Nevertheless, micas had been prepared synthetically 
by Middel and Dietzel. The former had produced 
conglomerates of mica flakes by cooling from the melt 
mixtures of alumina, magnesia, potassium fluorsilicate 
and kieselguhr. The size of the largest flake so far 
extracted was about 4 in. by 2} in., and the mechanical 
and electrical properties exhibited were said to be 
almost identical with those of the best muscovite. The 
thermal stability was superior to that of any natural 
mica owing to the absence of impurities and of 
hydroxyl groups. Dietzel had synthesised a fluorine- 
phlogopite mica from a melt containing potassium 
eryolite, quartz and magnesia by employing a vertical 
temperature gradient from top to bottom of the crucible 
and a horizontal] magnetic field, with the object of orient- 
ing the mica sheets in one plane. This method seemed to 
afford particular promise, though it was, of course, too 
early to assess the economic significance of these 
developments. Another natural silicon compound of 
electrical importance was quartz. The preparation of 
quartz crystals was first achieved in 1906 by Spezia, 
but the period of months required for appreciable 

made his method unsuitable for industrial pro- 
duction. The removal of this limitation, and the pre- 
paration of crystals of serviceable size by heating 
fused silica in a solution of sodium metasilicate, had 
recently been announced by M. and W. A. Wooster, 
and constituted a step forward of considerable scientific 
and technical importance. 

Structurally, silicon compounds were composed of 
independent long-chain molecules, the individua] atoms 
of which were attached to each other by primary homo- 
polar bonds of strength comparable with that of the 
ionic bond. Adjacent molecules were, however, held 
together, and the overall structure given cohesion, by 
relatively much weaker secondary forces. This dis- 
tinction, combined with the ter strength of the 
silicon-oxygen bond, ectountel “ir the superior high- 
temperature stability of these silicon compounds reia- 
tive to the hydrocarbons, and also for their much greater 
hardness and inflexibility. Their hard inorganic form 
had, however, afforded them limited possibilities of 
electrical application, and great interest attached to the 
recent development of a new class of silicon compounds, 
the silicones, which the easy applicability of 
organic products and something of the thermal] stability 
of inorgapic substances. These new semi-organic high- 
polymer compounds were based on silicon and oxygen, 
instead of carbon, and their development opened up a 
new field of chemistry and possibilities of considerable 
electrical importance, Liquids, greases, rubbers, resins 
and varnishes, characterised mainly by high thermal 
stability and water repellency, and affording a wide 
range of physical properties, had been produced ; and 
though as yet their technical application had been 
limited it would no doubt increase with greater avail- 
ability and reduction in price. The dielectric properties 
of the liquids at radio frequencies appeared to be very 


good. The permittivity of a number of samples 
tested from 2-76 to 2-82 at room temperature, 
and their power factor at 10* cycles per second was of 


the order of 0-0001. Those so far recorded for rubbers 





and resins were, however, not outstanding. 
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Mention should also be made of the new glass com- 
positions, which exhibited low dielectric loss at 
centimetre wavelengths and were suitable for the pro- 
duction of effective glass-to-metal seals ; and of the use 
of “sintered glass” for the production of complex 
glass-metal structures. The latter process consisted 
in pressing powdered glass into a graphite mould in 
which meta] parts were supported, sintering it in 
a mixed hydrogen-nitrogen atmosphere by high- 
frequency induction heating. The advantage claimed 
was that restricted spaces between the metal parts 
could be filled more effectively than with normal 
pressed-glass technique. The finished product was 
opalescent because of the large number of gas bubbles, 
the average diameter of which was about. 50 microns. 
These bubbles were trapped in the fused glass, but this 
was said not to affect the mechanical properties detri- 
mentally. In respect of electrical breakdowns, it was 
suggested that the powdered-glass product was likely 
to be superior to that of ordinary glass where, by 
mischance, air bubbles of large size became enclosed. 

During the years immediately preceding the war, 
electrical ceramic materials having as their main 
constituent the rutile form of titania, were being 
developed commercially. Of the three crystalline 
forms of titania (rutile, brookite and anatase), rutile 
had the highest permittivity, being 173 in the direction 
of the principal crystalline axis and 89 perpendicular 
to that axis. Fired aggregates of small randomly- 
oriented crystals had given permittivities of 110, which 
were substantially independent of frequency up to the 
infra-red. Fired ceramic bodies consisting of rutile 
only, however, suffered from several disadvantages. 
They were difficult to manipulate by normal ceramic 
processes ‘and they possessed a negative temperature 
coefficient of permittivity which was sufficiently large 
to prejudice their value as high-frequency dielectrics. 
Moreover, the presence of small amounts of impurity 
and the occurrence of reduction or excessive crystal 
growth during processing introduced appreciable 
dielectric loss. To remove these various , the 
rutile had been compounded with positive temperature 
coefficient substances, notably magnesia and zirconia, 
to provide closely-controlled resultant temperature- 
coefficient values lying within the technically important 
range + 100 to — 800 parts per million per deg. C. 

An important distinction between these pre-war 
titania ceramic developments and the more recent 
ones, was that the former were essentially mixtures, 
whereas in the latter the initia] titania was 
during the ceramic process into more complex titanates. 
The compounds of greatest t interest were the 
titanates of the alkali earths, notably the barium and 
barium-strontium titanates. A remarkable feature 
of the binary barium-strontium titanate series was 
the permittivity variation with temperature. In 
this series, the barium titanate had a fairly constant 

ittivity over the temperature range 0 to 80 deg. C., 
and thin-walled cylindrical condensers of this material 
(with a permittivity of about 1,000 and a reasonable 
power factor over the same temperature range) had 
been produced for some time. Much effort was now 
being devoted to increasing this temperature range. 
Two other properties which might find technical 
application in due course were the dependence of the 
permittivity on the magnitude of the applied electric 
stress and the manifestation of electrostriction. 

An important cause of poor power factor, in the 
ceramics mentioned, was the reduction of some of the 
titania in the firing process. The avoidance of this, 
where the materials were to be used in condensers, was 
of importance, but this y might be useful in 
another connection, since the photo-sensitive character- 
istie exhibited by rutile ceramics and the titanates 
appeared to be due to slight oxygen deficiency. The 
fact that the surface resistivity of titania dro 
suddenly when illuminated with visible light had 
been known for some time, but it now seemed that the 
effect was greatly enhanced if the material were made 
thin enough to be translucent. ; 





“*‘ ELECTRICITY MEETS THE CHALLENGE.”’—An exhibi- 
tion which has been organised by the Public Relations 
Committee of the Electricity Supply Companies, 32, 
Great Ormond-street, London, W.C.1, was opened by 
Mr. Geoffrey Lloyd, M.P., at the London Exhibition 
Centre, Coventry-street, London, W.1,on Friday, October 
25. This exhibition has two main objects: to show the 
public the latest models of domestic equipment of all 
kinds, and to assist the campaign against the nationalisa- 
tion of the industry. This is done effectively by means 
of posters, wall diagrams and equipment, particular 
insistence being placed upon the services that are pro- 
vided compared with what might be expected under a 
national regime. A special feature is a new American 
film entitled ‘“‘ Ready Made Magic ” which, utilising what 
may be called cartoon technique, illustrates in a way 
which should attract the public fancy, the benefits which 
electricity has conferred on the community. 





LABOUR NOTES. 


In the course of his presidential address to the Trades 
Union Congress at Brighton, Mr. Charles Dukes, 
general secretary of the National Union of General and 
Municipal Workers, claimed that, in the past, there had 
been good reasons for the reluctance of unions to coun- 
tenance the piecework system, and those techniques of 
time and motion study and methods of scientific 
management associated with capitalist industry. In 
the new situation resulting from the socialisation of 
industry, however, and the closer association of the 
unions with these problems of industrial management, 
the unions, he suggested, would have to reconsider their 
attitude towards many of these restrictive methods and 
practices. These stood, he said, in a different light 
when it was the public interest that was served by 
every managerial and industrial development. that 
increased production per unit of labour and where the 
output of an industry was treated as a social product 
for the benefit of the community as a whole. 





Mr. Dukes, continuing, said that he did not pretend 
that this re-adjustment of the trade-union point of 
view was going to be easy. There were strong con- 
servative instincts in the trade unions. The notion 
that there is an irreconcilable conflict befween the 
employing authority and the employee would die hard. 
It would not be easy for the workers in a nationalised 
industry to see that their claims to improved condi- 
tions, better wages and shorter hours must be balanced 
by a consideration of general social interest. ‘‘ In the 
transitional stages,” the President went on to say, 
“* we, as trade unionists, will be called upon to exercise 
much patience in negotiations and to make real sacri- 
fices, even where legitimate claims are in question, for 
the common good. I believe that we shall have to 
re-examine many trade-union practices where they tend 
towards restriction, and that we shall have to do some 
fresh thinking about the conditions and principles of 
collective bargaining.” 





A supplementary report on the subject of the “‘ closed 
shop” submitted to the Congress by the General 
Council, stated that, in the sense of an establishment in 
which only members of a particular union were eligible 
for employment, and from which members of other 
unions were excluded, the idea of the “‘ closed shop” 
was alien to British trade-union practice and theory. 
There was no mystery about what the Congress believed. 
It believed in the principle of 100 per cent. trade union 
organisation and that the best way in which to attain 
that end was to leave the form and method of bringing 
in non-unionists to the joint negotiating machinery 
operating in each ‘industry. The General Council’s 
report on the subject was adopted. 





Sir Mark Hodgson, general secretary of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society, 
introducing the section of the General Council’s report 
on the subjeet of the 40-hour week, said that changes 
already introduced had brought them to the half-way 
stage, but the demand for 40 hours was insistent and 
urgent. The General Council proposed to approach 
the Government very shortly’ to ask for legislation 
giving agreements, voluntarily reached, the force of law 
and placing upon industry the obligation to produce 
and to apply schemes which would establish a normal 
working week of 40 hours. By a normal working week 
of 40 hours, they did not mean 40 hours plus a lot of 
overtime. If overheads were sufficient to justify shift- 
working, the unions, while still aware of the social 
superiority of the single shift, would continue that 


pped ; method, subject to proper safeguards. 





Mr. J. Donovan, of the Transport and General 
Workers’ Union, moved a composite resolution urging 
an immediate approach to the Government for legisla- 
tion requiring industries to negotiate agreements giving 
effect to the 40-hour week and calling upon the Congress 
to continue its propaganda for the policy, and also for 
a fortnight’s holiday with pay. The 40-hour week, 
Mr. Donovan said, must not be 40 hours in the factory, 
but the time a man gave to his employment, which was 
the time from leaving home in the morning to his 
return at night. The resolution was carried. 





In the discussion on production introduced by Mr. 
George Gibson, who expressed the opinion that there 
were a lot of people who could produce more than they 
were doing, Mr. Arthur Horner, general secretary of 
the National Union of Mineworkers, said that the 
miners were now producing, with 6,000 fewer men, 
100,000. more tons a week. Unofficial strikes in the 
industry had practically disappeared. The miners, he 
declared, would not accept the responsibility if failure 





occurred, but they would do their best. 


Nov. I, 1946. 

Mr. Isaacs, the Minister of Labour and Nationa] 
Service, informed the Congress that in September 
there were 359,000 unemployed. The Government was. 
he said, working on a policy of bringing work to the 
unemployed instead of pulling them up by the roots 
and scattering them over the country. In the 
development areas there was already an improvement 
in the unemployment position. Firms were being 
encouraged to build new factories, and the Board of 
Trade was putting up factories for manufacturers to 
take over. Factories and houses in development areas 
were being given equal priority according to the needs 
of the locality. There would no longer be towns with 
only one industry. 





Mr. R. H. Edwards of the Vehicle Builders’ Union, 
moved a resolution requesting the General Council to 
prepare a report on a national wage policy for workers 
in all industries, services, and professions. The resoln- 
tion laid it down that such a policy should have regard 
to a single national minimum adult scale applicable to 
all employees, irrespective of sex and enforceable by 
law. Mr. J. R. Scott, a member of the executive council 
of the Amalgamated Engineering Union, seconded the 
resolution. Opposing it on behalf of the General 
Council, Sir Joseph Hallsworth argued that a national 
minimum wage, enforceable by law, would have a 
rigidity for which no amount of collective bargaining 
could compensate. On the card vote, the motion was 
defeated by 3,522,000 votes to 865,000 votes. 





Commenting upon current developments in the 
“closed shop” controversy, Mr. Beard, the general 
secretary of the United Patternmakers’ Association, 
says: ‘“‘ While one can agree that the Transport and 
General Workers’ Union have good cause for their 
action, which is directed not against unions affiliated 
to Congress, but against a body of men who have no 
standing in the industry, one must take a broad view 
of this question of ‘ closed shop’ by agreement with 
employers, and of its possible development. It is 
but a short step from the ‘ closed shop” by agreement 
with the employers, whether they be the State or 
semi-public companies, to an agreement on organisation 
by industry. Our union is based on organisation by 
craft and our members are engaged in almost every 
industry where engineering is required, such as light 
castings, engineering, shipbuilding, electricity, gas, 
water, railways, chemicals, films, transport, aircraft, 
etc., and we have always claimed the right to organise 
on a craft basis and to negotiate our own wages in 
whatever industry we have been employed. This has 
been our right for 75 years, and we shall fight to 
maintain it.” 





** Not,” Mr. Beard writes in the latest T’'rade Report 
of his Association, ‘‘ that we fear the general workers’ 
unions on this matter; we do not. They have made 
their position absolutely clear, for they havt more 
than once declared very definitely that they do not 
organise craftsmen ; indeed, the Transport and General 
Workers’ Union have recently passed on to us a 
patternmaker who was caught up in an organisational 
drive which was being made by them. Where, then, is 
the danger ? you may ask.” 





** Evidence is not lacking,” Mr. Beard says, replying 
to his own question, ‘‘ that other industrial unions, 
with very little engineering background, actually have 
patternmakers and other craftsmen in membership and 
have different views on this subject. There is a danger 
that, if the ‘ closed shop’ principle by collusion with 
the State or the employers becomes the declared policy 
of the T.U.C., the logical development may well be 
organisation by industry. Then, the craft unions 
within the engineering industry may have to take 
stock of their position; indeed, we should have all 
the ingredients of a first-class dispute, such as now exists 
in the U.S.A. between the C.I.0. and the A.F. of L.””, 





During September, 88 were admitted to member- 
ship of the United Patternmakers’ Association, the 
total membership of which, at the end of the month, was 
14,527. Eighteen members were paid trade benefit and 
196 sick benefit. There were 784 superannuated mem- 
bers. At the end of the second quarter of the current 
year, the funds of the Association amounted to 284,172I. 





Addressing the Glasgow Rotary Club last week, 
Mr. E. W. Garett, president of the London Master 
Builders’ Association, said that if the application for 
wage increases of 6d. an hour for craftsmen and 9d. 
an hour for labourers were granted without exceptional 
safeguards to ensure that they were entirely absorbed 
by greater production, they would not only raise 
building costs, but also go a considerable way towards 
wrecking the financial structure of the country. He 
hoped that the operatives would realise that before it 
was too late. 
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Fic. 8. SHowER oF Cosmic Partictes on LEAD 
PLATE. 


ATOMIC STRUCTURE AND 
TRANSMUTATION.* 
(Concluded from page 407.) 

Ir is clear that, with the increasing knowledge of 
atomic structure, the desire will become more insistent 
to build and to disintegrate atoms, not only theoretically 
but also actually. In this respect, nature has again 
pointed the way. Natura! radioactivity shows that 
atoms disintegrate spontaneously, and that this process 
occurs ‘not only for elements of high atomic weight, 
and consequently of less stable structure, but also in 
the case of potassium, rubidium, samarium, and 
cassiopeium. This disintegration also takes place 
according to the same plan: either the atom ‘core 
emits an «-particle which reduces the electric charge 
of the core by two units, or a f-particle is emitted 
which increases the electric charge of the core by one 
unit. This leads to the well-known displacement in 
the columns of the periodic system. The energy 
involved in this spontaneous reaction process is partly 
accounted for by the immense speed of the a- and 
B-particles, but it also appears as y waves. The emission 
of an a-particle reduces the atomic mass by about 
four units, while the emission of a f-particle has no 
appreciable effect on the mass ; a new chemical element 
thus comes into existence which is an “‘ isobar” to the 
original substance. 

It is of interest to note that the 8-particles, that is, 
the electrons, do not actually exist in the core but are 
produced by the transformation of a neutron into a 
proton. Since such a transformation is associated 
with a definite energy change, it is to be assumed that 
all the £-particles will be emitted at the same speed and, 
in point of fact, most of the B-particles have a smaller 
speed of emission than is required to account for the 
energy change. In order to explain this energy deficit, 
it has been suggested that, simultaneously with the 
B-particles there is also emitted an unknown, uncharged, 
and ethereally light particle, the ‘‘ neutrino,” which 
carries away the energy deficit. Such particles, the 


* Abridged translation of article by Professor Greina- 
cher, Berne, published in Schweizerische technische 
Zeitschrift of May 16,1940, page 235. The physical data 
relative to the various atomic particles mentioned in the 
article may be found in ENGINEERING, vol. 160, page 
134 (1945), and vol. 156, pages 201 and 223 (1943). 
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existence of which has been postulated to account for 
the energy deficit, have not yet been detected experi- 
mentally. 

All heavy radioactive elements in the neighbourhood 
of the atomic number 41 can be arranged in three 
disintegration series which comprise the sequence 
of the elements that are transformed one into the 
other. It is noteworthy that the atomic weights of 
the thorium series are divisible by four, and that the 
actinium and radium series are also divisible by four 
if the numbers one and two, respectively, be added to 
the atomic weights. All the disintegration series 
eventually end as an isotope of lead, so that none of 
these end products has a higher atomic weight than 200. 

Whereas the fact of radioactivity demonstrated the 
possibility of atomic transmutation, for a long time 
it appeared to be impossible to produce such transmu- 
tation artificially. It is true that electrons could be 
ejected from the atomic shell, and that X-ray spectra 
showed that it was possible to eject such electrons 
from the inner shells, thus producing “ atomic ions,” 
but no atom could be transformed permanently in 
this way since it would recover such ejected electrons 
from its surroundings automatically and so re-establish 
its normal state. Such ionisation might be effected 
by accelerating an electron in an electric field and using 
it as a projectile to bombard the atom. If an electron 
of charge e electrostatic units is allowed to move in an 
electric field through a potential difference V electro- 
static units, it will acquire energy of the amount e V 
ergs. Usually, it is not the value of this product which 
is stated, but only the potential difference V: the 
quantity e V is termed the energy in “ electron-volts.” 
If it were then assumed that the electron speed was 
sufficiently high, it might be expected that such a 
“ bullet ” could be used to shatter the core of the atom. 
So far, such a result has not been achieved by means 
of a ray of electrons, but it has been done by means 








of «-particles. For example, the «-particle of the rare 
gas radon has a speed of 16,000 km. per second, and 
consequently, a projectile energy of 5-4 million electron- 
volts. 

In 1919, Rutherford was able to show that nitrogen 
could be transmuted by means of «-rays, and it was 
later found that this process was not merely a disin- 
tegration but a true nuclear reaction in accordance 
with the equation : 


14N + $He = O + 3H. 


In this equation the upper numbers given the nuclear 
mass in whole multiples of units and the lower numbers 
denote the nuclear cha Expressed in words, one 
a-particle is trapped by the nitrogen core and, in conse- 
quence, one proton is ejected. A photographic record 
of this reaction is reproduced in Fig. 4, and the remark- 
able effect is seen of the forking of the «-ray into a short 
spur of the oxygen particle which is flung out in this 
direction by the impact and a much longer cross-spur 
shows the path of the ejected proton.* 

Such photographs as these, which are able to show 
the paths of the ultra-microscopic particles, were 
made possible by means of the Wilson cloud cham- 
ber. In this apparatus, ionised particles become 
visible by making them travel in saturated air which 
is rapidly expanded and so cooled and supersaturated. 
In ion conditions, water is deposited on the ions 
caused by the passage of the particles, the path of 
which then becomes visible. Such core transmutation 
reactions can only be seen on rare occasions. Even 
when «a-particles are used to the extent of millions 
per second, only a few will reach the extraordinarily 
minute core of the atom ; and even then they may not 
succeed in penetrating it. The reason for this diffi- 
culty of penetrating into the core will be understood 
by reference to the diagrammatic sketch, Fig. 5, which 
shows an a-particle (i.e., a helium core) ascending the 
potential gradient of a nitrogen nucleus. Owing to its 
positive charge, the atomic core exerts a repulsion 
effect on the a-particle carrying its electric charge of 
two positive units, and as the a-particle comes into the 
immediate neighbourhood of the core, this force of 
repulsion becomes immensely powerful. It is just as 
though the «-particle had to ascend a very steep incline 
and, if it does succeed in reaching the top, the forces 
due to the core then change from repulsion to attraction 
and, consequently, the a-particle descends the funnel- 
like opening and penetrates into the atomic core. This 





* Wilson cloud-chamber photograph of a-particles in 
nitrogen (Blackett), showing the forking into a short spur 
‘70 and a longer cross-spur }H. 
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impact may be so tic that one of the component 
units of the core may . able to ascend to the mouth 
of the funnel-shaped opening and so pass out into 
freedom. 

Such nuclear reactions have been effected not only 
by means of «-particles, but by protons (}H) and 
deuterons (7H) and powerful y-rays have also been used 
with success. Such reactions with boron atoms are 
illustrated by the following equations, viz., 

1B + 13H = 3 fHe 
and, ; 
1°B + %H = 3 fHe. 

Fig. 6, page 429,* showsthe bombardment of a boron 
atom by means of a proton as a projectile, producing 
a nuclear reaction which results in the formation of 
three «-particles, i.e., three helium nuclei. In order 
to give the proton (}H) and deuteron (7H) nuclei 
sufficient speed to produce the required effect, very 
high voltages must be used for the acceleration when 
static devices are used for this purpose. Such appli- 
ances are the cascade generators, as develo by 
Graaf and Greinacher, respectively. The Cyclotront 
of Lawrence, however, does not depend upon the use 
of high voltages and is far more powerful and efficient 
for this purpose than any static appliance. 

Since neutrons became available for atomic structure 
research, the operation and control of atomic reactions 
have been greatly facilitated. Neutrons, being electri- 
cally uncharged particles, do not exert any electrical 
attraction or repulsion on the cores of atoms ; neither 
do they give rise to any ionising effect, so that their 
ss an on be rendered visible in the Wilson cloud- 
chamber as are those of a- and §-particles and protons. 
Their effect can be recorded oy their reactions 
with atom cores; either they fling these cores i 
aside or they produce core reactions as a result of whi 
protons or a-particles are ejected, and the tracks of 
these particles can then be recorded as in Fig, 6. 
Since neutrons experience no resistance to their passage 
through the most dense materials, and also because 
they do not encounter any potential gradient, such as 
that shown in Fig. 5, when they ach an atomic 
nucleus, they form ideal projectiles for producing core 
reactions, 

Neutrons may be obtained in various ways: thus, 
if beryllium is mixed with some radium, the mma 
emitted by the radium will eject neutrons from the 
beryllium in accordance with the equation 

{Be + }He = *2C + in. 
More effective, however, is the bombardment of heavy 


hydrogen, i.e., deuterium, with deuterons, the reaction 
then being as follows, 


°H + 7H = 3He + in. 


By this method a stream of deuterons can be produced 
of a few microamperes intensity by means of an acceler- 
ating potential of 100,000 volts, so that, in this way, 
about one million neutrons per second are obtained. 
Very high-speed neutrons corresponding to about 
20 million electron volts can be released by the bom- 
bardment of lithium with deuterons in accordance with 
the equation 
"Li + 7H = $Be + in. 


It is not always desirable to employ very high-speed 
particles. It is to be assumed that the nucleus, as 
in the case of the electronic shells of the atom, can 
exist in stages of excitation, and in order to produce 
the desired nuclear reactions, the speed of the bombard- 
ing particles should be appropriate to the existing 
resonance condition of the nucleus. 

Slow-speed neutrons can be obtained by passing 
the high-speed particles through an appropriate laye 
of substances which contain hydrogen, such as water, 
in which case their kinetic energy is gradually reduced 
by impact on the protons. Such slow-speed neutrons 
are very easily trapped by the nuclei of atoms. This 
confirms what has already been stated in an early part 
of this article, viz., a characteristic feature of neutrons 
is that they cannot be collected and stored. Eventually, 
they attach themselves to the cores of all the atoms in 
the neighbourhood, and consequently increase the mass 
of such cores by one unit per attached neutron, and 
thus form the next higher isotope of the. atom con- 
cerned. By using neutrons as bombarding particles, 
the number of nuclear reactions which has been 
obtained has been increased enormously, so that there 
remains hardly one element of which the transmutation 
has not been found to be ible. At the present time, 
there are, altogether, far more than 500 chemical 
elements known. It is of interest to note that even 
the heaviest element 235U can be built upa stage higher. 
There are, however, not many such trans-uranium 
elements, as was thought to be the case at one time, 
but only one, viz., *3°U. 





* Photograph by Dee and Gilbert, Proc. Royal Society, 
vol. 154. 


That a great part of the artificially built-up atom 
cores are radioactive was discovered by Joliot and Curie 
in 1934; that is to say, these elements are unstable. 
For example, by the bombardment of sodium with 
deuterons, radio-sodium is obtained in accordance with 
the reaction 


2$Na + 7H = ?4Na + iH 
which, then, by the emission of electrons and y-rays, 
disintegrates in accordance with the equation 

iiNe = {gMg + e+ 7. 

It is of the greatest interest to note that such artifi- 
cially radioactive substances as the nitrogen isotope 
18N emit “ positive electrons,” that is, the so-called 
“ positrons,” these particles having been first detected 
by Anderson in 1934. The corresponding reaction is : 


13N = 289 + et 


In this case, therefore, a proton of the nucleus is trans- 
scene. into a neutron by the emission of a positron ; 
us 
iH = in + et 

Such a transmutation can occur in another way, viz., 
simply by an electron from a shell of the atom falling 
into nucleus and thus neutralising a proton into a 
neutron. This type of transmutation without any 
accompanying emission, that is, by the trapping of an 
electron into the nucleus, occurs primarily in the case 
of the heavier elements. 

It is also a noteworthy fact that, in the case of 
such artificial radioactivity, no example has yet been 
found of the emission of a heavy particle, neither 
protons, nor neutrons, nor a-particles. Aluminium 
may be taken as an example of the way in which a 
known element can be transmuted into a series of ele- 
ments which are neighbours in the column of atomic 
numbers. Fig. 7,* page 429, shows these transmuta- 
tions. The characteristic feature of all such core 
reactions is the step-by-step nature of the process. It 
was recently found by Hahn and Strassman, however, 
that, in the case of the heaviest atoms, the transmuta- 
tion takes on a large scale. By bombarding U with 
neutrons, the trans-uranium *°,°U is obtained, and this 
explodes into two parts, for example, into a Kr-isotope 
and a Ba-isotope, or into an X-isotope and an Sr- 
isotope, a process in which simultaneously a number of 
neutrons “evaporate ” from the core. In spite of this 
release of neutrons, the disrupted nucleus is still too rich 
in neutrons, and consequently disintegrates further, 
radioactively. In this way elements are created which 
it has not hitherto been found possible to obtain in 
any other way. It is also a notable fact that the 
broken fragments due to the explosive effect already 
mentioned, are flung apart with exceptionally great 
energy which, for each particle, amounts to about 
100 million electron-volts. This opens up the possi- 
bility of the release of colossal amounts of energy for 
practical, purposes, because the neutrons which are 
released by the explosion can, on their part, be trapped 
by the uranium nuclei, thus forming trans-uranium, 
which again explodes. In this way, a true chain- 
reaction will be released, so that it will be possible by 
means of a single neutron to ignite and burn the 
substance automatically. 

The shattered fragments of the uranium nucleus 
have a phenomenally powerful ionising property and 
this makes it possible to follow their tracks over a 
distance of 18 mm., which is, presumably, up to the 
point where the cores, by taking up electrons, become 
atoms. The atoms themselves can then be followed 
in their track still farther up to a distance of 12 mm. 
Actinium and thorium nuclei behave in a similar 
way to uranium. It appears, therefore, as though 
these heavy atomic nuclei can develop an elongated 
structure by the trapping of atomic particles which 
makes it possible to k up, but it is not yet clear 
what kind of atomic model is appropriate for this 
nuclear structure. y 

The question also arises whethe- a nucleus can break 
up into more than two fragments. This is, in fact, 
possible, provided the bombarding particles have 
sufficient energy. Such energetic particles arrive out 
of space—the so-called cosmic rays, and these have an 
energy content of the order of 10° electron-volts and, 
by impact with the atomic nuclei give a perfect shower 
of particles, as shown in Fig. 8, page 429, which is a 
reproduction of a cloud-chamber photographf of a 
shower of cosmic particles on a lead plate. The softer 
rays comprise only electrons and positrons, which fre- 
quently appear in pairs (twin-electrons), but the harder 
rays smash the nuclei into fragments. The tracks of 
such nuclei have been photographed many times even 
without the use of the Wilson cloud-chamber. Fig. 9, 
ge 429, is a reproductiont of one such photograph, 
which shows the multiple fracture of an atom nucleus by 





* “Transmutation of the Aluminium Nucleus ?7 Al.” 
Grimsehls, Lehrbuch der Physik, vol. III, 1939. 
¢ Anderson, Physical Review, vol. 45, Second series. 


cosmic rays, as recorded on the Jungfrau, on a photo. 
graphic plate, by E. M. and E. Schopper. 

By means of such photographs of the cosmic showers 
it has even been ible to discover a new kind of 
elementary particle, the so-called ‘“‘ mesotronen ” (or 
more briefly, the “ mesonen”). The mass of this 
particle is about 200 times that of the electron ang 
it carries partly a positive and partly a negative charge, 
Its existence was predicted by Yukawa (it is some. 
times called the Yukon) and the function of this 
extremely short-lived particle has not yet been 
explained. It has been demonstrated that it exists 
in the cosmic-rays themselves. Whether it will be 
possible to produce artificially such a shattering effect 
on the nuclei as is actually produced by cosmic-rays, 
is doubtful, because there seems at present to be little 
prospect of applying the requisite high potential differ. 
ences (of the order of a few thousend million volts), 
Lawrence’s large Cyclotron at Berkeley University, 
California (i.e., the 60-in. diameter type) can develop, 
at the maximum, only 25-million electron-volt particles, 

This brief and highly compressed survey of atomic 
structure and transmutation is now concluded, and 
the question arises as to the pu which this new 
knowl canserve. Undoubtedly the purposes which 
prom the alchemists of old will come to mind, that 
is, the manufacture of new and valuable elements, as 
well as the promotion of medical skill and resources 
through the artificial radioactive substances which can 
be used as probe devices for investigating the functional 
processes of animal life. Not less prominent in the 
minds of many people wil be the prospects of releasing 
for practical purposes the stupendous stores of energy 
locked up in the atomic structure. 

Such possibilities, however, cannot be rightly con- 
sidered to represent the most exalted aspects of this 
new scientific knowledge, and it may be assumed that 
such purposes will be capable of serving laudable ends 
as well as evil ones. The stores of scientific wealth 
which the investigations of the last few decades have 
provided, demonstrate primarily the enrichment of the 
mind and spirit of man. Not less significant is the 
fact that this enlargement of knowledge gives the 
true measure of the p of our existence. We 
realise that we ourselves, form a part of this wonderful 
creation which, in its structure and evolution, obeys 
such amazing laws. 





PRODUCTION AND UTILISATION 
OF ELECTRICAL ENERGY.* 


By V. Z. pe Frrranti, M.C. 


Last year, Dr. Dunsheath gave us an interesting 
and impressive account of the activities of electrical 
engineers during the war. From this, it was clear that 
a very large proportion of our members had taken a 
great part in the development of new devices for the 
successful prosecution of the war. This means that the 
thoughts of many of us have been diverted from their 
normal channels for from six to ten years, as a great 
deal of work of this nature started in 1936. We are 
now able to turn away from such things and continue 
with our normal work, and I therefore fee that this 
is a suitable moment to consider what we have before 
us, and in particular the “ all-electric idea.” 

On our first meeting in this theatre, my father 
placed before the members a scheme for the complete 
utilisation of the energy in all the coal available for 
home consumption, in the form of electricity. His 
roposition was that wherever coal or gas was used 
‘or the production of heat or power, everything for 
which it was used would be better done when electricity 
was the medium of application, and I see no reason 
to depart from that expression of faith. Most members 
of the Institution spend their lives trying to bring 
about this event. He spoke particularly of coal con- 
servation, home-grown food, and the better utilisation 
of our labour. All these subjects have an up-to-date 
ring about them, as they have been forced upon the 
attention, not only of engineers, but also of the whole 
public, as a result of the two wars which have occurred 
since that time. It was felt that these three objects 
could be attained by the conversion into electricity of 
the whole of the coal used for heat and power, and the 
recovery of its by-products at a comparatively small 
number of electricity-producing stations. The use of 
electricity was visualised for such purposes as lighting, 
cooking, power, traction, metallurgical and chemical 
processes, railway electrification, manufacture of pig- 
iron with electric smelting furnaces, steel making, 
foundry work in both iron and steel, heating of steel 
for rolling, forging and annealing, and the manufacture 
of aluminium. It must be remembered that at the 
time at which he spoke, less than one per cent. of all the 
coal used in the country was turned into electricity by 
public authorities. 





* Presidential address to the Institution of Electrical 
Engineers, delivered in London on October 3, 1946. 








t See ENGINEERING, vol. 156, pages 201 and 203 (1943), 


t Phys. Zeitschrift, vol. 40, page 22 (1939). 





Abridged. 





Generated 
. > 


Coal, Lb. per kWh u 


—_— mm 


= aie... _. 


—_— bee ien 








46, 
photo. 


showers, 
kind of 
an ” (or 
of this 
‘on and 
charge, 
3 some. 
of this 
b been 
| OXists 
will be 
g effect 
iC-rays, 
© little 
| differ. 
Volts), 
ersity, 
velop, 
rticles, 
atomic 
1, and 
is new 
which 
l, that 
its, as 
ources 
oh can 
tional 
n the 
asing 
nergy 


’ con- 
f this 
that 
ends 
ealth 
have 
f the 
s the 
| the 
We 
erful 
beys 


IN 


iting 
rical 
that 
na 

the 

the 
heir 
reat 


nue 
this 
fore 


her 
ete 
for 
His 


for 
ity 





431 








Nov. I, 1946. 


— 





Reading his address to-day reminds one of the 
unchanging object and the contintious and increasing 
efforts which have been made to fulfil this programme. 
Let us consider, first, what were the estimated require- 
ments, secondly, how far we have got to-day, and 
thirdly, how long it will be before the completion of 
the plan. He took as his basis the 150 million tons of 
coal then being used in the country, and estimated 
that the efficiency of utilisation was so low that the 
same usefulness could be obtained by converting 
60 million tons of coal into electricity and applying it 
to our needs, thus giving not only a saving of 90 million 
tons of coal, but also the diversion to more useful tasks 
of a vast army of workers who were employed in 
cleaning up the dirt that was produced by the methods 
then employed in using coal, and the prevention of the 
desolation of large parts of the country, particularly 
where coal with a high sulphur content was used. To 
bring this about, he estimated that an efficiency of 
conversion of 25 per cent. would be required, giving a 
uction of 131,400 million kWh by means of 





95 million kW of plant (31 million, allowing 20 per cent. 
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efficiency) working at a 60-per cent. load factor, this 
plant to be concentrated in about 100 stations spread 
about the country, their positions being largely con- 
trolled by facilities for obtaining the coal and water 
locally, or the possibility of carrying the coal cheaply 
near to the centres of demand. 

Let us look at the position to-day and see how far 
we have gone along the road marked out for us. First, 
so far as efficiency is concerned, the target has already 
been reached in individual cases—but not in the 
average for the country—as thermal efficiencies of the 
order of 30 per cent. based on energy sent out have 
been attained, | and this has made possible great strides 
towards our goal. Whenever any individual application 
of electricity for a new use is advanced, there always 
seem to be innumerable reasons why it should not be 
used, but when we come to look at the total supply of 
electricity in this country, we find that slowly but 
surely electricity is becoming a universal means of 
application. 

At the present day 25 million tons of coal per annum 
are turned into electricity, or over 40 per cent. of the 
target, though this is only 12 per cent. of the coal 
available, reminding us that considerably more energy 
is being used in one form or another than in 1910. 
Turning to electricity generated and sold to consumers 
we find that the figures are 38 and 32 thousand million 
kWh, or 24 per cent. of the target. Plant installed 
has reached a figure of 12 million kW. I find myself 
reiterating the words, ‘‘ What interests most members 
is the question of how, long it is likely to be before the 
all-electric idea becomes possible.” Figs. 1 to 4, on 
this page, may give some answer to this question. 
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Fig. 1, for which I am indebted:to, Mr. K.. Baumann, 
shows how the quantity of coal per kilowatt-hour 
generated in this country has dropped from 3-11 Ib. 
in 1922 to 1-377 Ib, in 1938, with a resulting saving, 
due to improvements effected over the period, 
16 millioh tons in 1988, against an amount used of 
15 million tons. This may be compared with the 
90 million tons which it was thought might be saved 
against 60 million used, bearing in mind that,the former 
is a saving due to improved efficiency of generation, 
whereas the latter was for the change-over from other 
forms of energy to electricity. 

Fig. 2 shows the total amount of coal, in millions 
6f tons, available for the home market since 1912, 
together with a curve for the tonnage of coal turned 
into electricity. The coal available for home consump- 
tion has varied between 205 million tons in 1916, 
98 million tons in 1926, the year of the General Strike, 
154 million tons at the time of the slump in 1933 
and 187 million tons in 1944. The amount of coal 
used in generating electricity, which was 5 million 
tons in 1913, has now risen to 28 million tons, and if 
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this trend continues, it will reach the 60 million mark 
in 1967. 

Fig. 3 shows the amount of electrical energy sold to 
consumers since 1920, and is remarkably regular, 
indicating that the target of 131,400 million kWh sold 
would be reached by about 1959. Fig. 4 shows the 
trends of plant installed. As will be seen, there was 
a definite change in 1930, presumably as the result of 
bringing the Grid into operation. Sir John Kennedy, 
in his address in 1935, drew attention to the reduction 
in spare plant from 83 roe cent. in that year to 82 per 
cent., 79 per cent., and 62 per cent. in the following 
years, and a further reduction to 20 per cent. 

In 1944, the aggregate value of the individual maxi- 
mum loads at generating stations was 10,435,000 kW. 
and the total coule ae generating plant installed 
was 11,974,000 kW, giving a spare plant capacity of 
12 per cent., which we all know from first-hand experi- 
ence is insufficient. These changes, together with the 
increased load factors (to 50 per cent. in 1944) b t 
about by the exceptionally long hours worked in fac- 
tories during the war, account for the considerable 
difference in.trend which has appeared since 1930 
between the amount of energy generated and the capa- 
city of plant installed. Were the present trend of 
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of never more than 60 per cent., however, would 
require an increase in the trend of the plant-installed 
curve to an 8-6 per cent. rate. The 25 million kW 
would be reached by about 1960 with a 6-3 per cent. 
r that the 90 million 
tons of coal may be saved and 60 million tons used 
within 25 years, depending upon the labour force 
available for manufacturing the plant, the load factor 
and the efficiency of conversion attained. 

If consideration is given to the increasing amount of 
energy being made available per head of population, 
it will be seen from Fig. 2 that 150 million tons of coal 
would be used for the generation of electricity in 1986, 
giving, with an efficiency of 30 per cent., 405 thousand 
million kWh, which at a load factor of 60 per cent. 
(Fig. 4) will require 96 million kW of plant. These 
two figures of 131,400 million (Fig. 3) and 405 thousand 
million (Fig. 4), give figures of consumption per head 
of population of 2,850 and 9,100 kWh. The figure of 
2,850 seems to me very moderate when I find that for 
many years in my own “all-electric” house I have 
been. using 6,000 kWh per person per annum. If this 
becomes general, and it is by no means an extravagant 
figure, 270,000 million kWh will be required for domestic 
use alone. 

In view of these trends it is difficult to be satisfied 
with the suggestion of the Fuel and Power Advisory 
Council in their report of March of this year, that it is 
a reasonable guess that in another 20 years gas and 
electricity together may have captured 30 per cent. 
of the market of useful heat in houses, and, further, 
that the winter space- and water-heating loads should 
be taken by solid fuel. I notice that no member of 
this Institution was on the Council. As long ago as 
1905, Sir Oliver Lodge referred to “the uncivilised 
and essentially savage method of heaping a pile of 
crude coal together and setting light to it.’ In the 
early years of electricity it was necessary to educate the 
user to the advantages to be obtained. Nowadays, it 
would appear equally necessary to make certain that 
Government departments have the best and most 
enlightened advice, as they will be responsible for 
large capital commitments in connection with housing, 
and are in a position to retard as well as accelerate 
the achievement of a condition which otherwise would 
have been brought about by the public. 

In my view it is wrong to leave in the hands of the 
individual, for a moment longer than is absolutely 
necessary, the means of polluting the atmosphere, 
and of preventing the attainment in our industrial 
towns of those living conditions which are so necessary 
for the health and happiness of the people. .If the 
standard of living is to be raised to such an extent that 
the mass of the people have the advantage of clean, 
properly heated homes with labour-saving devices 
and constant hot-water, it follows that vastly more 
power must be used by each one of them in their 
factories to enable them to produce the great quantity 
of apparatus each will require in his home as well as 
the other necessities of the community. 

A reminder of how much remains to be done in the 
industrial field is provided in a recent statement by 
E.D.A. on “ The Electrification of the Cotton Industry.” 
Only those who have to work surrounded by cotton 
mills can appreciate the full significance of the state- 
ment that ‘‘a considerable reduction in atmospheric 
pollution is brought about by the burning, under 
scientifically controlled conditions, of coal in a few 
modern power stations in place of burning nearly twice 
the quantity of coal in a large number of small factory 
power plants.” As the mills in question used 750,000 
tons of coal, this would mean a saving of 350,000 tons 
per annum. The statement goes on to say, ‘The 
steadier drive of the electric motor inevitably tends to 
increase the output and improve the quality of the 
goods. Where the change to electric drive has taken 
place, production has increased 3 per cent. in spinning 
and up to 10 per cent. in weaving operations. Electri- 
cally-driven mills are notably cleaner, better lighted 
and in all respects healthier for the workpeople. The 
improvement of amenities in textile factories is one 
of the means by which the serious problem of labour 
shortage in the cotton industry may be solved. The 
latge increased load accruing to the national Grid 
system as a result of the electrification of the cotton 
industry would inevitably tend to reduce electricity 
costs in general.” 

Here I should like to make some comment on the 
electrical-manufacturing industry, which is responsible 
for the development, design and production of the 
equipment for the supply industry and for the public. 
Whatever may be thought of the time scale of the 
curves above referred to, itis clear that a major develop- 
ment in the use of electricity is taking place in this 
country, and this, in turn, is occupying a great labour 
force in making the necessary equipment, apart from the 
100,000 or so employed in electricity undertakings. 

In April, 1946, there were 452,000 employed in 
electrical manufacture, divided as follows: apparatus, 





4-3 per cent. to continue, the target for plant installed 





would be reached in 1962, To allow for a load factor 


236,000; electrical engineering, 152,000; scientific 
instruments, 64,000; and this was 74,000 more than 





in 1939, and 81,000 less than in 1945, when the industry 
was heavily involved in the manufacture of many 
forms of warlike stores. 

While the improving efficiency of the conversion of 
the heat in coal into electricity is very important, even 
more so is the capital cost of the equipment of utilisa- 
tion, as, although for the moment fuel costs have 
reached nearly 50 per cent. of the total cost, these will 
drop back to 25 per cent., either by the addition of new 
equipment at the present value of money, or by the 
return of money to its previous purchasing power. It 
is therefore of major importance to reduce the cost of 
equipment by improved design, greater turnover of 
one design in one factory, long life to reduce deprecia- 
tion: (this being balanced against obsolescence due to 
improved design), and low interest rates. 

An industry which is engaged in producing apparatus 
for the improvement of conditions and efficiency in 
other industries should clearly operate under good and 
efficient conditions itself, and I think the electrical- 
manufacturing industry can fairly claim to be a good 
employer in every sense of the term. However, many 
problems are involved owing to the conflicting require- 
ments which have to be reconciled. For instance, 
from the point of view of keeping in touch with scientific 
and administrative developments, there are great 
advantages in being in or near London, and this has 
undoubtedly contributed to the great growth here in 
the years before the war. Steps are being taken to 
try to prevent a continuance of the movement, but, 
on the other hand, if factories are located in what have 
been depressed areas, the conditions are far from good. 
No doubt as the inhabitants of the large industrial 
towns are rehoused in satellite towns, industry will take 
the opportunity of moving out of its old factories and 
forming part of the new communities, particularly, where 
good air communications to London are available owing 
to all-weather flying made possible by the application 
of new radio and radar navigational and landing aids. 

Electricity plays its part in making Caen the pro- 
vision of clean, well-lit, well-ventilated factories, having 
plant which is safe to operate. If, in addition, good 
welfare facilities are provided, good feeling between all 
the partners in production is likely to prevail. But 
these conditions can be provided only in industries 
where co-operation and not warfare exists. During 
the past forty years there has been a remarkable change 
in the electrical-manufacturing industry in this respect, 
and I cannot bring this home to you better than by 
quoting from an article in the Financial Times of 
October 12, 1910. It is headed “‘The Depression in 
Electrical Manufacturing.” 

** During ‘the past few years there has been a certain 
monotony about the reports of electrical and kindred 
manufacturing companies—a monotony which cannot 
fail to suggest to the shareholders that the unfortunate 
condition of these undertakings is chronic, if not 
incurable. ‘“ In orderto understand this peculiar situa- 
tion it is necessary to remember that a few years ago the 
British electrical manufacturing industry was the object 
of very determined attack on its own ground. A com- 
pany was formed with very ~ 4 capital, and it erected 
enormous works, equipped on the most up-to-date lines, 
with the deliberate purpose of taking almost the whole 
of the available electrical business. These works were 
expected to produce so cheaply that no competitor 
could hold out against them, but the vitality of the 
established British manufacturer proved a great deal 
higher than was thought possible. The bitterness of 
the struggle remains, however, and shows itself in the 
difficulty of getting the leading electrical manufac- 
turers to act together in their own interests. Attempts 
have been made from time to time, but they have 
always failed, partly because the firms are numerous, 
but mainly because the declaration of war already 
mentioned has not been forgotten.” 

It is pleasing to be able to record that the owners of 
the company who took this bellicose attitude were 
unsuccessful and finally disposed of their holding to 
persons who have since made great contributions to the 
advance of the electrical industry in general. I feel 
that it is very important that members of this Institu- 
tion should do all in their power to promote the orderly 
conduct of industry, and discourage those (some of 
whom, unfortunately, still exist in the newer sections of 
electrical engineering) who take a narrow view of their 
responsibilities. 

In recent years a great deal of publicity has been 
given to research, but it must be emphasised that 
research can be carried on only when margins above 
immediate cost are allowed to cover that research, and 
to re-equip industry with its results when they come to 
fruition. Once more, in practice this condition can be 
met only in an industry in which co-operation exists. 
It would be very heartening if our scientists could effect 
considerable improvements in the three basic materials 
employed by electrical engineers, namely, magnetic, 
conducting and insulating materials. May the remark- 
able advances made in permanent magnets of the aniso- 
tropic variety be but a prelude to far more important 


** ENGINEERING ”’ ILLUSTRATED 
PATENT RECORD. 





ENGINEERING. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE ACTS OF 1907 TO 1939. 
The number of views given in the Specification Drawi 

te ‘lated in cach case where none is mentioned, 


Specification is 
Where inventions communicated from abroad, the 
Names, ec., of the Communicators are given in tialics. 
Ci of S& 


at the Patent 
Ay 


-lane, London, W.C.2, price 1s. each. 


The date of the advertisement of the acceplance g a 
lomplete Specification m 
Sve, eae ae i hee Gian cathe hon the 
word “* Sealed” is appended. 
person , at any time within two months the 
“date the 4 of the acceptance of a Eomuplete 
Speciheation, oo notice - the Potent ORs 
grounds mentioned in the Acts. 
INTERNAL-COMBUSTION ENGINES. 
578,689. Crankcase Oil Cooler. Coventry Climax 
Engines, Limited, of Coventry, and L. Hathaway, of 
Coventry. (3 Figs.) January 31, 1945.—The oil in the 
crankcase of air-cooled engines is liable to become 
overheated, and the invention cools the oil by abstracting 
heat from one of the walls of the crankcase. The engine 
cylinder ais enveloped bya cowling b forcooling air. At 
each stroke of the cylinder, surplus oil is thrown from 
between the crankpin / and the ends of the connecting 














rod on to the side m of the crankcase e. In this side 
are two breathing slots u screened by a baffle v, which 
allows air to pass up it through the slots. The oil 
impinging on the baffle v drains down into the sump for 
re-circulation. The side m is cast on its outer side with 
an upstanding rib with interleaved portions. There is an 
air inlet at one end and the air is led along a tortuous 
path and out into a pipe k. It then passes to an oil- 
washed air cleaner r, the carburettor g and the induction 
pipe. An outer plate ¢ is secured on to the plate m and 
makes contact with the tops of the rib. (Accepted, 
July 8, 1946.) 


SHIPS AND NAUTICAL APPLIANCES. 


579,035. Boat Hull. James Taylor (Chertsey), Limited, 
of Chertsey, and G. A. Suckling, of Weybridge. (3 Figs.) 
June 9, 1938.—The invention improves the performance 








of fast round-bilge boats of the planing type, having 
smooth skins and transom sterns. A series of parallel 
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planking of the boat, Fig. 1. These strakes adjoin one 
another, and are arranged along each side of the boat, 
following a line close to the waterline. The strakes g 
are of tapering thickness so that the lower edge of each 
strake projects beyond the upper edge of the strake 
immediately below it, forming underside projecting 
surfaces b, Fig. 2. The strakes extend from the transom 
to the stem, while forward of the point ¢ the projections 
taper away flush with the outside surface of the hy 
planking. These projections improve the planing action 
of the hull by forming surfaces upon which the water 
re-acts as the boat is set in motion, breaking the tendency 
of the water to cling to the otherwise smooth side of 
the planking, and enabling the boat to lift more freely 
under the planing action induced by the form of the 
hull as the boat gathers speed. They also reduce the 
tendency to drag down by the stern, the strakes at the 
turn of the bilge exerting a vertical reaction. This 
enables the after part of the hull to be designed with legs 
width and less flat bottom than is otherwise necessary, 
The projections also have a steadying effect on the boat 
in a sea-way, those amidships being bevelled at right. 
angles to exert a reaction upon the water when the boat 


rolls. (Accepted July 22, 1946.) 
578,247. Hatch Cover. Swan, Hunter and Wigham 
Richardson, Limited, of Newcastle-upon-Tyne, and 


T. Guthrie, of Whitley Bay. (6 Figs.) August 14, 1944, 


—tThe invention is a hatch cover which is safe and easy 
to open and close, and which avoids the risk of falling. 
The circular hatch coaming 1, welded to the deck, is 
closed by a hatch cover 3. The latter has welded to 
its top three bars 6 of rectangular section arranged as a 
triangle. At two of the apices of the triangle the bars 
are bent out so as to lie parallel to one another and are 
reduced in height so as to form a convenient yoke over- 
hanging the edge of the cover 3 and carry anchorages 
for the eye-bolts 9, on which run the handles 10. The 
ends 17 at the third apex of the triangle are bent upward. 

















(s7e,247) 


Just below the ends 17 a pair of plates 18 are welded 
to the hatch coaming and support a hinge pin 19 for the 
hatch cover 3.. The ends 17 of the bars are notched to 
hold the pins of a trunnion, which has an internal screw- 
thread engaging an external screw-thread on a shaft 13. 
This shaft is pivoted to a deck lug. The other end of the 
shaft 13 is squared and can be turned by a handle 16. 
When the hatch cover is in its closed position upon the 
coaming, the handles 10 are screwed down so as to clamp 
the packing material between the hatch cover and the 
coaming. When the hatch cover is to be raised, the 
handles 10 are slacked off and the eye-bolts swung down. 
The handle 16 is then turned to lift the hatch cover. It 
can be removed to prevent unauthorised tampering. 
(Sealed.) 


MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 

578,346. Diamond Drawing-Die Drill. Callender’s 
Cable and Construction Company, Limited, of London, 
and G. J. Dean, of London. (2 Figs.) August 16, 1944.— 
When the hole is drilled in a diamond die for use in wire- 
drawing, diamond powder mixed with liquid is used as 
the cutting agent. The tool is a steel needle, and the 
diamond is reciprocated. The invention enables the 
mixture of powder and liquid to be fed to the die con- 
tinuously. The needle 1 is carried by a toolholder sup- 
ported by a headstock, and the diamond 4 to be drilled 
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is attacnea by shellac to the end of a reciprocating ram. 
The stroke of the ram is one millimetre. A guide 6 is 
mounted on the headstock and in it works a tube 10. 
A spring urges the tube out of the guide towards the dia- 
mond. The outer end of the tube 10 has a concave 
spherical seating for a hemispherical member 12 of 
hard metal which has a central hole. Near this outer 
end is a radial hole for filling the end part of the tube 
with the mixture of powder and liquid. A leather plug 
18 in the tube is forced forwards by air pressure. The 
flat face of the hemispherical member 12 rests against 
the diamond, and while this is reciprocated, maintains 
a closed feed chamber in contact with the face of the 








ones in the other materials. 





longitudinal strakes a are incorporated in the outside 


diamond. (Sealed.) 
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CAPACITY OF A TRAFFIC 
LANE. 
By W. Jacossoun, A.I.Mech.E. 


Ir is impossible to cover theoretically the manifold 
conditions which limit the capacity of a traffic lane, 
that is, the strip of a road which corresponds to the 
width of the standard vehicle. A few simplifica- 
tions, however, may be allowed to enable a general 
picture of the possibilities to be formed, and the 
influence of certain factors, such as reaction time 
of the driver, braking distance, vehicle length and 
the speed, to be considered. It will be seen that the 

res derived from certain equations satisfying the 
theoretical conditions are surprisingly near to the 
results of the extensive tests carried out in the 
United States, of which reports were published, for 
example, in Public Roads, vol. 23, No. 4, June, 1942, 
by O. K. Normann. 

“The reaction-time factor may be defined as a 
safety factor and the distance between two vehicles 
following each other should at least be equal to the 
distance covered in the time interval between any 
event observed by the driver of a vehicle and his 
appropriate reaction. This time interval will vary 


Fig. 1. 
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according to the driver, but it may be assumed 
that usually a second will elapse before the average 
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The relation between the number of vehicles an 
hour N and the speed v for different values of the 
average length of vehicle / is shown in Fig. 1, where 
vehicle lengths of 4, 6, 8 and 10 yards have been 
assumed for curves a, b, c and d, respectively. It 
will be seen from the curves that slow moving traffic 
may halve the hourly capacity of a traffic lane, 
especially in connection with long vehicles, but for 
the usual speed range between 15 and 50 m.p.h., 
the difference practically disappears. It can safely 
be said therefore that, disregarding stops and 
crossings, the maximum capacity of a traffic lane 
is equal approximately to 1,400 cars an hour. 

Most roads, however, have a greater width than 
that required for a single lane of traffic, and it would 
appear that more than one lane is at the disposal 
of the road user, but, in practice, it is rarely seen 
that two columns move side by side along the 
same road. On the other hand, without an alterna- 
tive traffic lane any obstacle will lower the average 
speed of the whole column and will lead to serious 
traffic jams if no deviation is possible. This is the 
most vital role of the second traffic lane on motor 
roads which serves for the overtaking of stationary 
or slower vehicles, and for avoiding the inclusion 





of a number of vehicles in any accident which may 
Fig. 2. 
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| happen to a single vehicle in the traffic column. 
| One cannot, therefore, usually reckon that a second 


driver takes action. The braking distance also has | traffic lane doubles the capacity of a single lane ; 
no definite value, as it differs with the type of vehicle, | it is just a means to enable the one traffic lane to be 


the maintenance of the braking equipment, the 
speed, and the road surface. If it be assumed that 
the braking distance corresponds to the distance 
a vehicle will travel in a second, and this distance be 
added to the safety margin, then it can be said that 
the distance d between two cars following each other 
on the same traffic lane should be equal to 2», 
where v is the speed in yards a second. (The High- 
way Code gives less distances at lower speeds.) The 
reaction-time distance, without regard to the braking 
distance, would be sufficient only if no sudden break- 
down of the preceding car had to be taken into 
account, or if there were always a second traffic lane 
for swerving round or overtaking the first car. A 
further simplification concerns the average vehicle 
length. Omnibuses, lorries, large and small private 
cars, taken together, form the column of vehicles 
along a traffic lane, but an average length / of 6 yards 
for each vehicle will probably meet all normal 
requirements. This means that the space L occupied 
by one vehicle at a speed of v yards a second will be 
the average car length 7 plus the safety distance 
between this and the following vehicle, and is equal 
to 1+ 2v, The number of vehicles n a second 


depends on the speed, and equals from 


wid 
1+2v’ 


which it follows that the number of vehicles, N, an 


. v 
hour 1s 3,600 n, Or 3,600 it ae 





used to its maximum capacity. This is confirmed 
by the American survey, according to the quotation 
above and to Public Roads, vol. 24, No. 6 (Oct.- 
Nov.-Dec.), 1945, pages 143 to. 160, “ Effect of 
Roadway Width on Vehicle Operation,” by A. 
Taragin. Another fact which can be derived from 
the curves in Fig. 1 is that after reaching a speed 
of 15 m.p.h. nothing much can be gained with 
regard to the capacity of the traffic lane. There is 
no great difference between the capacity at 15 m.p.h. 
and that at 50 m.p.h., although it would seem more 
probable that the capacity of the lane increases in 
proportion to the speed. 

The ideal conditions of unobstructed traffic flow 
for an indefinite length of road or length of time 
are not often encountered in practice. Usually 
there are crossings or other obstacles to be taken 
into account which require vehicles to stop for cer- 
tain periods. Just as the capacity of a railway track 
is dependent on the arrangement of the stations 
and the time necessary for clearing station plat- 
forms, so is the capacity of a road dependent on the 
frequency and duration of stoppages at crossings. 
No matter how many trains can follow each other 
safely at certain speeds on the open track between 
stations, if they cannot enter a station they cannot 
be run to schedule, and it is for-this reason that the 
door and seating arrangements on underground 
railway rolling stock are so important. While it 


is similar with vehicles on a road, the conditions 
are variable to such an extent that calculations 
are only possible if they are based on certain simpli- 
fied generalisations. These calculations do not, of 
course, give results of a definite nature, but they 
may lead to some general conclusions which may be 
useful for the understanding of certain facts which 
otherwise would be inexplicable. For these calcu- 
lations, the following designations are chosen :— 
D = distance between crossings; nm, = number of 
vehicles between crossings ; / = average car length 
(6 yds.) ; v = speed (yds. a sec.); N = number of 
vehicles an hour; ¢ = time a car travels between 
successive crossings at a speed v; and t, = stopping 
time at crossings. 

The following equations can be written :— 


D 
Ne ,andt = = secs. 


~it + 2v 
The number of cars an hour is 3,600 times the 
3,600 n- 

ne Ifa 


halt at a crossing is taken into account, the equation 
becomes :— 


N= 


number of cars a second, that is N = 


_ 3600 D _ 3600 Dv 
€ nq tc) (1 +20) (D + tev) (t + 20) 


Fig.3. 
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In practice, the relation is not so simple, as a motion 
develops comparable to the forward travel of a 
longitudinal wave, the vehicles drawing together 
at a closed crossing and subsequently moving apart 
when they travel forward, the distances between 
them increasing until they are again stopped at a 
crossing. There may, of course, be vehicles which 
travel right through without any halt at all, while 
others arrive at a crossing just as it is closed to 
them ; nevertheless, it is quite instructive to plot 
the number of vehicles an hour in relation to 
different speeds, assuming definite stoppage times 
and distances between crossings. This relation is 
shown in Fig. 2, the time ¢, having been assumed 
as 60 seconds and the average vehicle length as 
6 yards; in Fig. 3 the same relationship is shown 
when the time ¢, is reduced to. 30 seconds. The 
surprising fact emerges that, because of the two 
factors in the denominator containing the speed »v, 
the maximum lies well below the higher speeds. 
This means that to obtain the maximum capacity 
of a road, the average speed must be kept low, 
though one would imagine that it was imperative 
to go at full speed to clear the road as quickly as 
possible. The curves reproduced in Figs. 2 and 3 
also show the great influence of crossings which are 
too close together and the effect of slow-moving 
vehicles, while, at the same time, higher speeds 
may have exactly the same effect in reducing the 
capacity of the road. When halving the time at 
crossings, as, for example, from 60 seconds to 30 
seconds, the same number of vehicles can be handled 








each hour as with doubling the distance between 
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the crossings. This is the consequence of the factor 
‘€ at te) in the equation, and it shows the great 


importance of keeping the stoppage times at 
crossings as short as possible. It is one of the 
dangers of traffic jams that they decrease the 
capacity of a road to a much greater extent than 


Saree one 


the stations, not on the open track. The distance 
between two successive crossings is irrelevant in 
this connection so long as a stop no longer than 
60 seconds has to be taken into account. At all 
events, there should be, at any crossing, accommo- 
dation for 30 cars side by side in order to minimise 
the disturbance caused to following traffic, and on 
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is usually realised. The maximum capacity of a 
traffic lane, with crossings every 600 yards, for 
vehicles travelling at an average speed of 30 m.p.h. 
is reduced by 20 per cent. to 30 per cent. when the 
stopping time at a crossing is raised from 30 seconds 
to 60 seconds. The dependence of the capacity of 
a road on the distance between crossings and the 
maintenance of definite speeds may lead to the 
closing of some crossings for certain periods and the 
imposition of local speed-limits when the maxi- 
mum capacity is required for sporting or similar 
events. The exclusion of slow-moving traffic, such 
as horse-drawn vehicles, is, in itself, insufficient, as 
fast-moving vehicles can disturb the traffic flow an 
equivalent amount, though they usually adjust 
themselves automatically. In this connection, it is 
interesting to plot the curve for maximum capacity 
for the different crossing distances. To find the 
maximum, it is necessary to differentiate the 
equation 


- 
a 


~- 3600 D v . 
=(DFhy dt Ry 
Let 3,600 D be a constant K, and let D+ t,v=p 
andl+2v=v. Then 


dN=d (=*) (AS — See 
Pq P'qa 

and as d(pq) = pdq + vdp, by substituting the 
original expressions, the formula becomes 

on mie Sa ee 

dv (D+twP(l+ 20)* 
By equating to zero the numerator 

KID=2Kve*t 
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The maximum values for N are connected in 
Figs. 2 and 3 by the curves marked a, which show 
the slow rise at low speeds and small distances 
between crossings and the more rapid rise as the 
distance between crossings increases. 

Another question closely connected with this 
problem is the space needed at any crossing for the 
assembled vehicles. The maximum number of 
vehicles likely to wait at a certain crossing is given 
by the equation 


Bi Dt, 
 b+2¢0 
and as Dt, = vt,, it follows that 


iss vt. 
~ +20 


Table I gives the value of n when ¢, equals 30 
and 60 seconds, respectively, and it appears that 
@ maximum is reached, under standard conditions, 
of 15 vehicles, when ¢, equals 30 seconds and 30 
vehicles when t, equals 60 seconds, the average length 
of vehicle in each case being 6 yards. Obviously, 
a column of 30 vehicles each 6 yards long is difficult 
to handle, and the advantage of widening the road 
before a crossing, and keeping the road clear from 
obstructions, such as stationary vehicles, near a 
crossing, is obvious. We have again the analogy 
to the railway line with its capacity dependent on 


n 


no account should crossings be narrowed by traffic 
islands without providing extra space. The islands 
could be placed at a distance from the crossing, 
for example, 10 car lengths away, thus leaving at 
least 60 yards free for two or, better still, three 
columns of vehicles side by side. 
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Statesmen and Sea Power. By ADMIRAL SIR HERBERT 
RICHMOND. Oxford University Press (Geoffrey Cum- 
berlege), Amen House, Warwick Square, London, 
E.C.4. [Price 15s. net.] 

Tus book is a review of British maritime strategy 
from the Sixteenth Century to the present day ; 
and he who reads it will do so very carelessly if it 
does not teach him that, although the bare principles 
of sea warfare are simple, their application to 
particular circumstances is extremely difficult. 

The Elizabethan seamen were confronted with an 
enemy whose secondary forces were in northern 
Europe, but whose main forces operated from 
Cadiz, Lisbon, Oporto and Corunna. As it was 
impossible to devise a campaign for fighting and 
destroying the Spanish fleet, the best substitute 
for it was to launch such expeditions, and to carry 
out such operations, as would cripple the Spanish 
fleet and make it incapable of performing its main 
duty of bringing in the flota. Sir Herbert Rich- 
mond’s review of this part of the subject is a demon- 
stration that the raidings and descents of the 
Elizabethan seamen (which usually are so ill- 
| explained in schools) actually followed a strategical 
plan that was perfected by experiments and by 
experience of failures. 

To a student of maritime strategy, the Anglo- 
Dutch wars of the Seventeenth Century are the 
most straightforward in history. Each side could 
reach a decision of the whole war by forcing a deci- 
sion at sea : if the British fleet could be so well beaten 
that a Dutch squadron could establish itself at the 
mouth of the Thames and block the port of London, 
it was highly probable that the British Government 
would sue for peace ; if, on the other hand, the Dutch 
fleet could be so crippled that the homecoming 
East Indies convoy could be captured, it was unlikely 
that the States General would renew the struggle 
in the following year. The long succession of battles 
in the Channel, off the Thames, and in the southern 
end of the North Sea were, practically without 
exception, fought for one of these two purposes. 
Had our administration of naval affairs been as 
good as our seamanship and conduct, the results 
might have been more decisive than they were ; 
for, as Admiral Richmond shows, we enjoyed the 
advantage of a single command and of a central 
administration, whereas the Dutch were much 
hampered by the clumsy machinery of their federal 
constitution. Unfortunately for our seamen, we 
did not make a good use of this one clear advantage, 
The continental campaigns of the Eighteenth 
Century introduced a new era in naval history. 
A decision was only to be reached on the Continent, 
and by armies in the field. Alliances with the 
Continental Powers were a necessity to English 
policy—without them the British Government 
would have been a mere spectator in European 








: Nov. 8, 1946, 


part in a European war. What contribution coulg 
the fleet make to a decision that was inevitably to 
be sought on land? The steady growth of overseas 
trade indicated economic pressure as a secondary, 
but extremely powerful, engine of war; but the 
strategical board was never so clear that the British 
fleet could be used for this one purpose. In the 
first place, our principal opponent, France, had 
generally equipped a fleet that was strong enough 
to support diversionary expeditions, and to give a 
sort of long-distance cover to the light forces that 
were engaged in the guerre de course. ‘Ihese 
expeditions were, moreover, upon occasions, strong 
enough to turn Ireland into a theatre of war, and to 
threaten England itself. Whether or not engage. 
ments were fought at sea, and no matter whether 


-| they were decisive or not, the British naval authori. 


ties were thus compelled to devise what, for want of 
a better term, must be called a grand fleet plan: 
to allocate such forces to home waters and to the 
Mediterranean as would make it as certain as 
anything can be in war, that, if the Brest fleet 
or the Toulon fleet put to sea, it would be brought 
to action. Economic pressure, which, in those days, 
was best exerted by seizing an enemy’s sources of 
colonial supplies, was effected by sending out 
expeditions, which were only possible if this main 
wall of naval protection in the Channel and the 
Mediterranean were maintained intact. 
Operations in distant theatres, however, can only 
be prosecuted successfully if naval bases are avail- 
able; and Admiral Richmond shows (which has 
been imperfectly explained by most of our historians) 
how the wars of the Eighteenth Century obliged the 
naval command to devise an entire policy of naval 
bases. It was a game in which our antagonists had 
the start: Spain’s colonial empire antedated ours ; 
and the French fleets were, as often as not, free to 
use Spanish ports and bases. In any case, the 
Franco-Spanish network of bases was far wider 
than ours. British maritime strategy is thus, of 
necessity, a choice of alternatives ; and it is more or 
less inevitable that, no matter how the board is set, 
a maritime and a continental gambit should both be 
playable and should both offer success. This being 
80, the Government must be the final court of appeal 
on disputed questions of strategy ; and this intro- 
duces the old controversy about civilian influence 
in war. Let it be said outright, civilian or Cabinet 
influence is not to be avoided; even in countries 
where military leaders enjoy a far higher status than 
is granted to them in democratic ones, a king, an 
emperor, or a dictator (who could not competently 
command a battalion) is the final arbiter. Have the 
British Government always chosen the wisest 
course ? Admiral Richmond’s book must be read, 
and, what is more, read attentively, before forming 
a judgment. 
The Admiral is not dogmatic, but he detects two 
endemic vices in the British conduct of maritime 
war: first, an inclination to attempt too much at 
once—* To do all by halves” as the Elizabethan 
seamen put it; and, secondly, a chronic disinclina- 
tion to prepare in time. Our maritime preparations, 
in peace, have always lagged behind the prepara- 
tions that Continental Powers have been making, 
a few miles from our coasts; and whenever the 
temptation has offered of securing a temporary 
convenience by making economies in the fleet, 
it has invariably been yielded to. The limitation 
treaties of the Twentieth Century have a long an- 
cestry. 
In every war in which we have been engaged the 
board has been differently set and the obstacles to 
exerting decisive pressure have varied, and these 
variations can only be understood by those who 
read the whole book. If, however, the postulate is 
accepted that it is at least as much a matter of 
national concern to understand how our maritime 
campaigns have been conducted as it is to master 
the niceties of Caesar’s Gallic war, it follows that 
the thinking public will be ill-advised if they neglect 
the admirable study that is now presented to them. 





UNITED StTaTEs LOCOMOTIVE History.—The Railway 
Age for September 28, 1946, states that the American 
Locomotive Company have delivered their 75,000th 
locomotive to the Atchison, Topeka and Santa Fe Rail- 








affairs—and those alliances obliged us to play our 


road. This is a 6,000-h.p. Diesel-electric unit. 
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MEASUREMENT OF 
TOOL-TIP TEMPERATURE. 


TuE importance of high-speed steel as a material 
for cutting tools is due largely to its property of 
remaining adequately hard at the high temperatures 
attained during machining operations on metals. 
It is generally considered necessary, for good results, 
for the tool tip to be very much harder than the 
material being machined. In the case of high-speed 
steel, hardness begins to decrease rapidly beyond 
about 1,100 deg. F., with consequent detriment to 
its cutting qualities. It is of interest, therefore, to 
investigate the relationships between the tempera- 
ture of the tool and such characteristics of the 
machining process as the surface speed, rate of feed, 
depth and width of cut, and shape of tool tip, in 
each case for a range of typical materials for which 
high-speed steel tools are commonly used. Before 
the interactions among these variables can be 








investigated, however, it is necessary to have an 
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appropriate and reliable method of measuring the 
temperature of the tool. This, in itself, is a problem 
of some difficulty. Evidently any satisfactory 
method must measure the temperature while the 
tool is actually at work on a sample, under controlled 
conditions of operation. In the second place, the 
temperature recorded must be that of the extreme 
cutting tip close to which the falling temperature 
gradient along the tool is very rapid. Moreover, 
the tip is not only of small size but must not be 
impeded in any way that may influence the cutting 
action. Thirdly, the temperature-measuring device 
should preferably respond very rapidly to relatively 
high, and possibly fluctuating, temperatures; and 
may, with advantage, be capable of producing a 
permanent record of which the details can be studied 
at leisure with more attention than is possible during 
the progress of a cutting test. 

These considerations point unmistakably to an 
electrical method of temperature measurement, 
based on the principle that the tool tip and the 
work it is cutting constitute the two elements of 
a thermo-junction. Satisfactory as this device may 
be in principle, it often entails, in practice, the possi- 
bility of error due to subsidiary thermal electro- 
motive forces at the junctions of the circuit if 
soldered copper conductors are used as leads between 
the elements of the main thermo-junction and the 
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metering device. An ingenious way of obviating 
this source of inaccuracy is the outstanding feature 
of a method of measuring tool-tip temperatures 
devised by Assistant Professor B. A. Crowder, of the 
Engineering Experiment Station of the University 
of Minnesota, and described in a recent issue* of 
that university’s technical papers. 

In Mr. Crowder’s apparatus the leads from the 
hot and cold junctions consist of long, continuous, 
ribbon turnings from the steel sample under investi- 
gation. The complete assembly for measuring the 
tip temperature of a tool of straight (18-4-1) high- 
speed steel when turning a bar of S.A.E. 1020 cold- 
rolled chromium steel is shown diagrammatically by 
Fig. 1. The tool is a bar of a typical high-speed 
steel, long enough for one end to be repeatedly 
ground to a succession of cutting-tip shapes, while 
the other end extends far enough from the work to 
be in a region of sensibly constant temperature. 
About half-way along its length the bar of tool steel 

through a cylindrical container, coated inter- 





nally with electrically-insulating varnish, and 


1 
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completely insulated from the bar by sealing wax. 
The container constitutes a bath of melting ice in 
which is immersed the cold junction. The latter 
consists of a short rod of the same material as the 
work-piece, spot welded at its lower submerged end 
to the bar of tool steel. To the upper end of this 
rod, projecting above the ice bath, is spot welded a 
long turning of the work-piece material serving as a 
lead and connected to a potentiometer. The latter 
instrument is equipped with a galvanometer sensitive 
to + 0-02 millivolt, whereby the temperature 
developed at the tool-tip work thermocouple is 
measured to about 10 deg. F. Another long turning 
connects the potentiometer to the work in the lathe. 
It is spot welded to a metal bar, moving in vertical 
guides and loaded with a weight on its upper end so 
as to comprise a brush, making contact under con- 
stant pressure against the smooth cylinder being 
turned. 

The scope of the initial experiments was designed 
to cover the one tool steel, mentioned above, and 
four work steels, namely, the S.A.E. 1020 already 
referred to, and three others, respectively designated 
§.A.E. X1112 hot-rolled, S.A.E. 1040 hot-rolled, 
and N.E. 9442 hot-rolled. From the description 
of the circuit, it will be evident that for any particu- 
lar steel being turned, the short rod comprising the 
cold junction and the leads of long turnings must also 
be of that steel. For convenience, therefore, ‘‘ cold 
junction ”’ rods of all four steels were welded to the 
bar of tool steel, as indicated in Fig. 1, only one, 
of course, being in use at a time, in association 
with a work piece and leads of the same material. 

An important preliminary to the main investi- 
gation was the calibration of the several tool steel- 





* A Method for Measuring Tool-Tip Temperature. 
By Bert A. CROWDER, M.S.M.E. Engineering Experi- 
ment Station, University of Minnesota, Technical Paper 
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work piece thermo-junctions by comparing each, 
in turn, against a previously calibrated chromel- 
alumel thermocouple. It was not practicable to 
employ the actual junction between tool tip and 
work piece for this purpose. Instead, the tool steel 
bar, with the container, was dissociated from the 
lathe and work piece. To one end of the bar were 
spot-welded four small rods, one of each of the four 
work steels to be studied, similar to those already 
spot-welded to the bar inside the container. The 
chromel-alumel couple was attached to the same end 
of the tool-steel bar, its cold junction, sealed into a 
glass tube, being immersed in the container of ice 
water. Thus, the chromel-alumel couple and the 
four steel couples to be calibrated had common 
hot and cold junctions. The connections from the 
steel rods to the potentiometer were ribbon turnings, 
spot welded to the rods, of the same material as the 
rods in each case. 

As a first attempt, an electric furnace was used to 
heat the five hot junctions at the end of the tool- 
steel bar, but it was found that temperature changes 
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due to radiation and convection were beyond control. 
Accordingly, an oil bath was used for temperatures 
up to 530 deg. F., and a neutral-salt bath for tem- 
peratures between 530 deg. F. and 1,000 deg. F. 

All four steel combinations showed similar cali- 
bration characteristics. A typical graph of tem- 
peratures plotted as ordinates against millivolts 
approximates in shape to a parabola, exhibiting an 
increasing rate of change of e.m.f. with temperature 
as temperature increases up to about 500 deg. F., 
and a practically linear relation between e.m.f. 
and temperature over the range from 500 deg. F. 
to 1,000 deg. F. An interesting feature of the 
characteristic for S.A.E. X1112 steel is a change of 
polarity at about 270 deg. F. Below that tempera- 
ture, the e.m.f. decreases with rising temperature, 
at a decreasing rate. The same phenomenon, in a 
less marked degree, was observed with the S.A.E. 
1020 steel, the critical temperature in this case being 
130 deg. F. Since this change of polarity occurred 
at temperatures well below those at which tool 
steel suffers a significant loss of hardness, the 
phenomena were of no consequence in the main 
investigation of tool steel properties. 

The relative sensitivities of the four tool steel- 





work steel thermocouples can most usefully be 
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compared on the basis of the linear change in e.m.f. 
corresponding to a rise in temperature from 500 deg. 
F. to 1,000 deg. F. These values were, respectively, 
2-3 mv for S.A.E. 1020, 2-35 mv for S.A.E. X1112, 
2-44 mv for S.A.E. 1040, and 2-39 mv for N.E. 9442. 
The approximate equality of these four values is 
noteworthy. The accuracy of the calibration was 
checked to determine the flow of heat along the tool- 
steel bar from the hot junction at its end to the cold 
junction in the container. For this purpose, heat 

- was supplied by an electric furnace, the temperature 
in the ice bath being measured with a Leeds and 
Northrup standard chromel-alumel thermocouple. 
Measurements were taken at intervals of 50 deg. F. 
up to 1,100 deg. F., at which temperature the 
greatest e.m.f. was recorded as 0-08 millivolt. 
This represents an error of only 3 deg. F. in cold- 
junction temperature. It was taken into considera- 
tion, although it represented an error of less than 
1 per cent. on the original calibrations. 

For the main experiments on the relations between 
tool-tip temperature and various combinations of 
machining conditions, the steel work-piece, in the 
form of a smooth cylindrical bar, was mounted in 
the three-jaw chuck of a lathe, the remote end being 
carried on a pointed centre, as indicated in Fig. 1. 
The surface speed of the work-piece was measured 
by a carefully calibrated tachometer, having a roller 
in contact with the periphery of the work. The 
lathe was fitted with means for accurately deter- 
mining the depth and width of cut, and with meters 
for measuring the electric power input. For every 
test, the lathe was run long enough for equilibrium 
conditions to be attained before a set of associated 
readings was observed. 

The typical results presented in the graphs on 
page 435 are intended primarily to demonstrate the 
reliability and sensitivity of the tool-work thermo- 
couple method of tip-temperature measurement, but 
they are of sufficient inherent interest to warrant 
brief discussion. Fig. 2 shows the effect of cutting 
speed over a range of feeds, i.e., widths of cut, the 
work steel being cold-rolled S.A.E. 1020 and the 
depth of cut 0-05 in. throughout. As might be 
expected, increase either of width of cut or of surface 
speed causes a rise of tool-tip temperature. Approxi- 
mately, the temperature increases by 300 deg. F. 
for a threefold increase of surface speed at constant 
width of cut, or for a sixfold increase of width of 
cut at constant surface speed. Thus, from the 
standpoint of removing the greatest amount of 
stock metal with the least rise in tool temperature, 
it seems preferable to increase the width of cut 
rather than to increase cutting speed. 

The effect of depth of cut, in the case of S.A.E. 
1020 cold-rolled steel, is shown by Fig. 3, which 
relates to a constant surface cutting speed of 66 ft. 
per minute by a tool having a nose radius of ¥ in. 
The four graphs for depths of cut ranging from 
0-05 in. to 0-20 in. show that a four-fold increase 
in depth leads to a tool-temperature rise of about 
200 deg. F. Hence, by comparison with Fig. 2, 
which showed a rise of about 300 deg. F. for a six- 
fold increase of width of cut, it may be concluded 
that equal increases of depth or width have much 
the same effect on tool-tip temperature. 

Fig. 4 shows the effects of increasing the radius 
of the tool tip from ¥ in. to #% in. over a range of 
cutting speeds from 55 ft. per minute to over 200 
ft. per minute, the material being again S.A.E. 1020. 
The depth and width of cut were held constant at 
0-05 in. and 0-0044 in., respectively. The inferences 
are, first, that tip temperature is a linear function 
of cutting speed (which is consistent with the results 
plotted in Fig. 2); and, secondly, that the tool 
temperature is higher for a small tip radius than 
for a large radius. This is to be expected from the 
consideration that the larger the radius, the greater 
is the area in contact with the chip and the greater, 
consequently, the conduction of heat away from 
the tool tip. 

Finally, in Fig. 5, are plotted the effects of the 
material of the work over a range of cutting speed, 
the tool-tip radius being % in., the depth of cut 
0-05 in., and the width of cut 0-02 in. It may be 
remarked that, while these graphs do not depart 
strikingly from straight lines, that for S.A.E. 1020 
exhibits decidedly more curvature than the graph 

for };-in. tip radius in Fig. 4. Evidently the linear 
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relation with cutting speed is approximately true 
only for low rates of feed, and for a width of cut 
as large as 0-02 in., the tip temperature rises at a 
decreasing rate as cutting’ speed is increased. As 
regards the relative machining properties of the 
four materials, Fig. 5 indicates that S.A.E. X1112 
can be turned at a higher speed than the other 
steels before tip temperature is raised to the extent 
of impairing the hardness of the tool. A noteworthy 
feature in this connection is the respective carbon 
contents of the steels. §S.A.E. X1112, hot-rolled 
steel, had the greatest machinability and the 
lowest carbon content, viz., 0-1 per cent.; whereas 
N.E. 9442 hot-rolled steel had the lowest machin- 
ability, and the highest carbon content (0-4 per 
cent. to 0-45 per cent.) of the four materials tested. 
The effect of carbon content is, therefore, being 
investigated in more detail. Further attention is 
being given also to a wider range of the variables 
already studied in a preliminary way. An attempt 
will also be made to include measurements of the 
effects of cutting fluids, whether primarily lubri- 
cants or coolants, and of the relations between tool- 
tip temperature and surface finish. The subject 
is undoubtedly of sufficient practical importance to 
warrant extensive further research, and the results 
of Mr. Crowder’s future work are awaited with 
interest, especially as regards those variables in 
machining processes that can be altered to improve 
the efficiency of cutting with the least risk of 
impairing the tool. 





TROPICAL TESTS OF FAIREY 
‘* FIREFLY ’’ MK. IV. AIRCRAFT. 


Brier particulars of the Firefly Mk. IV fighter- 
reconnaissance aircraft, which is manufactured by the 
Fairey Aviation Company, Limited, Hayes, Middlesex, 
for naval requirements, were given in ENGINEERING, 
vol. 160, on page 316 (1945), and were amplified by 
further details and illustrations in vol. 161, pages 583 
and 588 (1946). The Firefly was originally designed 
for tropical flying, but in the case of the Mk. IV 
machine, which is fitted with a Rolls-Royce Griffon 74 
liquid-cooled engine, co-operation between the Fairey 
Aviation Company and Messrs. Rolls-Royce Limited, 
resulted in the adoption of an improved cooling system, 
whereby the engine coolant radiators were placed in 
the leading edge of the centre wing section. To prove 
that the designed arrangements were adequate for the 
conditions, and to demonstrate that liquid-cooled 
engines can be used satisfactorily in hot climates, a 
Firefly Mk. IV was recently subjected to a series of 
rigorous trials in Iraq, and details of the successful 
results obtained are now available. Flown from 
Heston to Baghdad, via Malta, Cairo and Habbaniyah, 
the aircraft was then put through an extensive range 
of hot-weather trials, the most severe test being a 
prolonged taxying on the ground, with the engine 
running at 1,200 r.p.m., in an air temperature of 106 deg. 
F., and for a period of about 45 minutes. The Griffon 
engine has been cleared officially for a maximum 
coolant temperature of 125 deg. C., with an emergency 
combat peak of 135 deg. C., and at the end of this 
test the coolant temperature was still inside the safety 
margin. The temperature of the coolant at the 
beginning of the test was 69 deg. C., and, in this con- 
nection, it should be mentioned that the highest ground 
air temperatures in the world are in the region of 
52 deg. C., or 125 deg. F. On reaching the highest 
temperature obtainable under the exceptional condi- 
tions of this test, the aircraft was flown off at the 
maximum engine speed of 2,750 r.p.m., with a boost 
pressure of 18 lb. per square inch. After being airborne 
for one minute, the coolant temperature dropped to 113 
deg. C., and when the aircraft had climbed to 12,000 ft. 
it was only 101 deg. C. The figures relating to flying 
performance under these climatic conditions were also 
considered very satisfactory. With engine revolutions 
at 2,400 and a boost of 7 lb., the cruising speed at 
5,000 ft. was 260 m.p.h., and at 17,000 ft. it was 289 
m.p.h. On these trials, the Firefly was flown under con- 
ditions of maximum load and drag, for, in addition to 
the main fuel tank containing 146 gallons, it was carry- 
ing two 50-gallon wing-tip tanks and two 90-gallon drop 
tanks, which provided a total fuel capacity of 426 gal- 
lons, and the all-up weight of the aircraft was 14,800 lb. 





DISPOSAL OF LIBERTY AND VICTORY Sarps.—According 
to a Reuter message from Washington, the United States 
Maritime Commission so far has sold only 414 of the 
6,000 war-time Liberty and Victory ships. A Commission 
spokesman has stated that the Act forbidding sales to 
foreigners on terms more favourable than those offered 
to Americans, and apathy among United States operators, 





have affected disposals. 
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SHIP SALVAGE,* 
By G. R. Crrromery, C.B.E., M.A. 
(Concluded from page 390.) 


THE two examples previously dealt with relate to 
vessels which broke through hogging ; in the following 
cases, the vessels broke across the double bottom and 
up the sides by sagging. 

The Liberty ship Frederick Bartholdi (7,100 tong 
gross ; built 1943) stranded at full speed at 7 a.m. on 
December 25, 1943, on one of the group of small 
islands and pinnacle rocks known as Fladdachuain, 
approximately five miles north-west of the northern. 
most point of the Isle of Skye. Before she came to 
rest she must have suffered very serious and extensive 
bottom damage (as was later determined by divers’ 
surveys) as she settled down almost immediately, and 
as, at the time of stranding, the tide was half ebb, the 
succeeding rise to full flood, within four days of maxi- 
mum springs, eliminated freeboard aft. At high. 
water springs, the after deck was awash in fine weather, 
while in bad weather seas broke over the decks. The 
Minch in that area is notorious for bad sea conditions 
and strong tides, and the vessel was on the south-west 
side of the largest of the group of islands, heading 
approximately E. by S., with her port side towards the 
island and listed about 6 deg. to starboard, hence she 
had the flood tide almost directly on the starboard 
beam. The position was fully exposed from N.N.W. 
through W. to S., so that salvage craft could not lie 
alongside except in fine weather, especially because of 
pinnacle rocks in the vicinity. Indeed, after soundings 
had been taken from a motor launch and the salvage 
steamer Ranger was navigated into position on the 
lee-side of the wreck, to transfer a salvage pump on 
board, in the short time necessary for transferring 
the pump and taking her out again astern, the tide 
receded and she grounded on a point of rock. She 
had to remain fast over the low-water period, during 
which she developed a list of 30 deg. and her own posi- 
tion looked serious, but she was refloated on the next 
flood tide. 

At low water, it was seen that the engines were 
badly displaced and set over to the port side; all the 
main-engine columns were broken, and the heavy 
girder stanchions in the engine-room were so badly 
distorted that it was obvious that the bottom was 
seriously set = and the bedplate broken. The general 
arrangement of the vessel was, forepeak tank, 134 tons ; 
immediately abaft of the forepeak, two deep tanks 
below No. 1 hold, longitudinally sub-divided and of a 
total capacity of 648 tons ; Nos. 2 and 3 holds ; machi- 
nery space; No. 3 port and starboard deep tanks, 
of an aggregate capacity of 700 tons; Nos. 4 and 5 
holds, with six double-bottom tanks of a total capacity 
of 1,100 tons; and the after peak, 155 tons. The 
forepeak was tidal; all the double-bottom tanks were 
flooded ; Nos. 1 and 4 holds were flooded to sea level ; 
No. 5, flooded to the ’tween decks, and Nos. 2 and 3 
holds apparently dry. She had been subjected to 
hogging, as the starboard side of the bottom in way of 
the engine-room was buckled upwards, but as the 
bottom set up and was pierced she sagged amidships 
and fractured down the port side from below the turn 
of the bilge to within 5 ft. of the upper deck, and on the 
starboard side the fracture extended vertically for a 
height of 17 ft. above the bilge and then diagonally 
forward for 18 in. A series of examinations by divers, 
over a period of ten weeks, revealed that the stem plates 
were torn away up to the 7-ft. mark and turned baek- 
wards for a length of 5 ft., and parts of the stem and 
forefoot were missing. In way of No. 1 hold, the 
bottom on the port side was set up and indented from 
the bilge to the keel, with four large fractures and 
several small fractures of various shapes and directions 
affecting the whole area; in way of No. 2 hold, port 
side, the bottom was indented and set up over the whole 
area with one longitudinal fracture 18 in. by 14 in., 
and one athwartship fracture, 3 ft. by 2 in.; in way of 
No. 3 hold, on the starboard side, the bottom was set 
up and corrugated to the turn of the bilge from the 
centre of the hatch for 20 ft. forward, and athwartships 
there was a fracture 14 in. long, open } in. ; in way of 
the engine and boiler room, the bottom over the whole 
area from port to starboard was badly set up, and the 
fracture down the ship’s sides was found to extend 
right across the bottom, and in one place the bottom 
plating was missing over four frame spaces and the 
broken and distorted floors were visible; in way of 
No. 3 deep tank and No. 4 hold the bottom was set up 
as much as 4 ft., and the plating was fractured from the 
bilge for 8 ft. athwartships, with a fracture running 
longitudinally for 16 ft. to the engine-room bulkhead 
on the port side. 

It was clear, therefore, that even if the vessel could 
be salved, she could not be repaired; but she carried 





* Paper read in Glasgow on September 24, 1946, at a 
joint meeting of the Institution of Naval Architects and 
the Institution of Engineers and Shipbuilders in Scotland. 
Abridged. 
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a cargo valued at a million pounds sterling, said to be 
required in connection with the impending invasion of 
Europe. The salvage steamer Ranger and a coaster 
with salvage personnel stood by for a whole month, but 
weather conditions throughout that entire period were 
so bad that not a single item of cargo could be recovered 
or any work whatsoever performed aboard the wreck 
in connection with the launching of three sections of a 
large landing craft, each weighing 65 tons, which were 
stowed over Nos. 2, 4 and 5 hatches and would have to 
be removed before access could be obtained to these 
spaces. It was not until March 20, however, that 
weather conditions showed any prospect of craft being 
able to lie alongside to perform any sustained work, 
and general experience showed that, on an average, it 
would only be possible to put a craft alongside for one 
day in seven. In these circumstances it was decided 
that the quickest means of salving the cargo was to 
discharge only sufficient cargo to permit such a redis- 
tribution of weight that, with recovery of the maximum 
possible amount of buoyancy, she would float clear of 
the rocks and at the same time, with the independent 
balancing of the fore body and after body, the fracture 
across the double bottom and up the ship’s sides would 
close and the broken parts would come together into 
slight compression. Sufficient cargo could not be 
discharged in the available time to produce a condition 
in which there would be sufficient buoyancy in the com- 
partments before and abaft of the broken machinery 
space to carry the weight of the space. That result 
could only be achieved if sufficient buoyancy could be 
obtained in the machinery space to lift this section clear 
of the ground ; this could only be done by compressed 
air, and would require an air pressure of 7 lb. per square 
inch. As, however, the vessel would change her form 
on refloating, any normal rigid type of patch would be 
useless, The salvage officer therefore proposed rubber 
patches down the ship’s sides, so that the patches could 
flex outboard under the influence of the internal air 
pressure and remain airtight. The fracture on the 
starboard side was open 9 in. at the bilge, tapering to 
zero at the top, and the flexible patch would be 15 ft, 
long and 2 ft. 6in. wide; the port side patch would be 
26 ft. long and 2 ft. 6 in. wide. They were of com- 
pound construction, with }-in. pure rubber sheet over- 
laid on both sides with }-in. rubber sheets with canvas 
insertion, and these three thicknesses of sheeting were 
faced with heavy canvas to protect the rubber from the 
fuel oil which floated out of the vessel’s tanks. These 
patches were clamped to the fair sides of the ship before 
and abaft the fractures by steel strips with bolts shot 
into the ship sides by the Temple-Cox bolt gun. 

A suspension gangway 400 ft. long was rigged from 
the port bow of the wreck to the island, and salvage 
personnel were landed wherever there was lee at the 
giventime. When a salvage vessel could not approach, 
a large motor launch was used to transport personnel 
and gear, and they climbed aboard the wreck up 4 
scrambling net, although this was festooned with oil. 
The plan for bringing the vessel to the requisite trim 
was to launch the tank-landing craft sections from the 
deck into the sea, and for No. 1 hold to be discharged 
sufficiently to give access to the deep tank lids so that 
they could be made watertight and adequately shored. 
The deep tanks were fitted with compressed-air injec- 
tion valves, so that, if necessary, the tanks could be 
blown to assist in the adjustment of trim; No. 2 hold 
to remain intact and to be kept dry ; No. 3 hold to be 
discharged sufficiently to compensate for the partial 
discharge of No. 1; No. 4 hold ’tween deck to be 
partly discharged, and access obtained to the lower hold, 
which was controlled by pumping; No. 5 hold *tween 
decks to be partly discharged ‘o give access to the lower 
hold, so that pump suctions could be lowered, doubie- 
bottom tanks to be fitted with connections so that these 
could be blown by compressed air. The work of sealing 
all openings into the machinery space for the injection 
of compressed air consisted of cutting down the funnel 
and sealing the opening with j-in. steel plating, made 
airtight by continuous welding and strong-backed ; 
lifting the engine-room skylight and plating over the 
large opening; the removal of ventilators and the 
plating over of the openings in the deck; doors, pipes 
and lavatories had to be welded up and the light 
engine-room casings and bulkheads supported to with- 
stand internal air pressure. Launching the three 
sections of landing craft was in itself a substantial 
operation, and involved pumping out each of the 
sections and re-making all joints, as the sections on the 
after decks had to be dropped some distance into 
the sea. The operation involved jacking up each 
section in turn and building launching ways over the 
ship’s sides. However, they were all safely launched 
and delivered afloat to the United States Navy. 

By June 19, 1,296 tons cargo (wet weight) had been 
transhipped and all other work in preparation for 
refloating had been completed. As the two parts of 
the vessel were only held together by the upper deck 
and about 16 ft. of very badly buckled plating on the 
starboard side, the balancing of each end indepen- 
dently was a delicate operation, and, to watch the 


tions proceeded and control was obtained, gauges were 
erected to record the behaviour of the structure. One 
of these consisted of a tight seizing wire, welded at 
one end 20 ft. forward and at the other 20 ft. abaft of 
the fracture at low-water mark. From the centre of 
this wire a vertical wire was passed over a pulley on 
the bridge deck with a balance weight on the free end. 
This registered automatically any change of deflection 
of the tight horizontal wire. A second gauge consisted 
of a piano wire from the top of the foremast to the 
mainmast, from the middle of which a weight was 
suspended on a vertical piano wire, which, by reason 
of the distance of the points of suspension from the 
axis of oscillation, magnified any change of trim of 
the fore and after sections. Regulation of trim was 
greatly facilitated by a most minutely detailed trim- 
ming table, supplied by the builders and carried as a 
matter of routine by all Liberty ships. The vessel 
floated freely and in correct trim on the morning tide 
of June 20, but was held by the rock which had pene- 
trated the engine room, and it was not known what 
was the extent of the penetration. A further attempt 
on the evening tide was also unsuccessful. 

In these circumstances, it was decided to blow all 
ballast tanks, but it was found that the water was not 
being expelled freely enough to give maximum 
buoyancy during the course of a tide. An attempt was 
made to cut holes with underwater oxy-hydrogen 
cutting gear, but in the presence of the oxygen the 
fuel oil ignited below the surface and frustrated the 
attempt. A series of holes, about 10 in. square, was 
drilled by submersible pneumatic drills, and the drilled 
square was blown in by a small charge of gelignite. 
On the night tide of June 21, the engine-room pressure 
was raised to 7} lb. per square inch, and with all tanks 
fully blown, the vessel was afloat two bours before 
high water, but was still held by the rock which pene- 
trated into the engine room. The tide reached full 
flood at 9 p.m., when the vessel cleared the obstruction 
and came clear of the rocks to the ground moorings. She 
was towed into Uig Bay and was beached on the falling 
tide at 11.35 p.m. At high water on the morning of June 
22, she was taken farther up the beach and moored. 

It had appeared rather hazardous to rely upon 
rubber patches, and that the occasions when the device 
would be serviceable would probably be rare, but the 
Association was soon to be confronted with another 
casualty, where a new and very fine vessel broke her 
back. A repetition of the method resulted in the 
salvage of the complete vessel and cargo as quickly 
as if the severance of the broken parts had been com- 
pleted and the after part alone had been salved. 

Notice was received on January 18, 1945, that the 
Pacific Steam Navigation Company’s motorship 
Samanco (8,336 tons gross) had stranded near the 
southern entrance to Belfast Lough. She was on a 
voyage from Liverpool for Bombay, Madras and 
Calcutta with a cargo of 6,550 tons of military equip- 
ment and general goods, and had been driven ashore 
on uneven rocks. She had been driven broadside to 
the cliffs, and on the flood tide, with Nos. 2 and 3 
holds flooded and the machinery space and after holds 
buoyant, she buckled badly on the port and starboard 
sides and through the sheerstrake abreast of the middle 
of No. 3 hatch. During the early morning of January 20, 
the forward engine-room b commenced to leak 
under the pressure from the flooded No. 3 hold, and 
measures were at once taken to shore it, as it was of 
the greatest importance to keep the machinery space 
in service. At high water the buckling of the ship 
sides extended to and across the weather deck. This 
situation could not be allowed to continue, as the 
after end was lifted off the bottom at the top of each 
high water, and there were alternating bending stresses 
with the passage of each wave crest during those 
periods. Nos. 4 and 5 holds were deliberately flooded 
to keep the after body hard on the ground during the 
high-water periods. A full divers’ survey became 
possible on January 25, and revealed that the vessel 
had broken across the bottom and up the starboard 
side for 26 ft. above the turn of the bilge, and that over 
a wide area of the bottom there was serious set-up and 
indentation, and the stern frame was broken. 

The bottom damage in way of No. 2 hold was 
too serious for patching, and it was inaccessible to 
divers, as she was bearing on it; furthermore, the 
set-up of the bottom in way of the bulkhead between 
Nos. 2 and 3 holds led to the conclusion that this 
bulkhead must be badly set up and fractured. It was 
therefore decided to place Nos. 2 and 3 holds under 
compressed air, involving, in No. 3 hold, a repetition 
of the use of rubber-strip sealing patches over the 
ship-side fractures. 

The plan of operations was to obtain complete 
control of all compartments by pumping, associated 
with the work of divers, except Nos. 2 and 3 holds, 
from which there was to be a calculated displacement 
of about 17 ft. of water by compressed air (7$ lb. per 





square inch). All the double-bottom tanks were to be 
left open to the sea, and therefore flooded and under 


behaviour of the separate parts as lightening opera- | p’ 


ressure. As the mean low waterline was about half 
the height of the lower ‘tween decks, the main deck 
(upper ’tween deck) was selected to take the load. 
The advantage derived from the availability of this 
deck was that a considerable part of the upthrust of 
the load, which would come on the underside of the 
deck, could be transmitted by heavy shoring to the 
beams of the upper *tween deck. Nos. 2 and 3 main 
hatchways, trimming hatches and ventilators were 
plated over with j-in. steel plating, welded for air- 
tightness, and shored. No. 2 hatchway was 38 ft. 
long and 30 ft. wide, and with an air pressure of 7} Ib. 
per square inch the load on the underside of the steel 
cover would be 370 tons, and a factor of safety of two 
was reasonable. No. 3 hatchway was 35 ft. long by 
30 ft. wide, hence the load would be 340 tons. The 
steel plating was, therefore, strong-backed by channel 
bars, welded to the plating, and three heavy composite 
box girders across each hatchway, which formed the 
base for the shores to the hatch beams of the weather- 
deck hatch, which were welded in position. 

A full-scale pumping and air tect on February 16 
resulted in the vessel floating at draughts which 
indicated something like 1,200 tons of water in the 
fore end in excess of what was calculated; and the 
gauges showed that the water was not being expelled 
from No. 2 lower hold. The cargo in No. 2 lower hold, 
namely, cased aeroplanes, boilers, Nissen hut parts 
and fittings, bottles, trailer pumps, and machinery, 
presented an acute instance of the difficulty of deter- 
mining how much water will be held by hollow objects 
after a compartment has been drained ; but that could 
not account for the condition of free ebbing and flowing 
of the tide, with a failure to ebb in response to air 
pressure. It became necessary to remove the welded 
plating covering No. 2 main-deck hatch, work through 
the cargo to the lower-hold hatch, and remove wooden 
hatch covers. It was thought that the thick film of 
fuel oil floating on the sea might have acted as a seal, 
as it was driven between the hatch covers, but a 
stronger conclusion was that the water in the No. 3 
hold was being expelled through the fracture across 
the bottom and ship sides quicker than the water 
from No. 2 hold, the head of water thus created 
in No, 2 causing the hee] of the started bulkhead 
between the two compartments to behave as a non- 
return valve, and that, as regards the bottom fractures, 
the cargo was acting as a seal. Upon this conclusion, 
a hole 20 in. by 18 in. was burned in the ship side by 
underwater oxy-hydrogen cutter, immediately above 
the pert bilge, to allow free exit of the water from the 
lower hold, but the incidert had involved three days’ 
and nights’ continuous work. Pumping and air com- 
pression was resumed, and by 2 p.m. on February 19, 
the Samanco was freely afloat. In this condition she 
was transferred to a pre-selected flat sandy beach. 

It is perhaps of interest to record the variety of the 
principal items of portable salvage plant used on such 
a case, namely, two 12-in. motor pumps, four 6-in. 
motor pumps, eight 3-in. motor pumps, six 4-in. electric 
submersible pumps, five compressed air-driven pumps, 
five air compressors, two Hebart electric-welding sets, 
three portable electric generating sets, two pneumatic 
drilling machines, three oxy-hydrogen underwater 
cutting sets, two 60-ton hydraulic jacks, one rivet- 
bursting machine, one Temple-Cox bolt gun, etc. 

As special emphasis was laid at the outset upon the 
importance of simple casualties, an illustration of such 
a casualty may be given. The Henry Wilson (7,176 
tons gross) signalled on July 25, 1943, that she had 
been in collision at the southern entrance to the North 
Channel and was in a sinking condition. The Ranger 
was at once dispatched from Bangor, and on the passage 
salvage pumps were prepared in readiness to be trans- 
ferred aboard the casualty. She arrived alongside the 
Henry Wilson approximately five miles north of Mew 
Island, where the vessel was drifting, badly down by 
the head, with the hawse pipes awash, and the top 
of the propeller boss emerged. Her master signalled 
that Nos. 2 and 3 holds were open to the sea and 
No. 1 had flooded to the level of the *tween decks. 
Water was commencing to flood the No. 1 ’tween deck. 
A 12-in. salvage pump was immediately transferred 
into this ‘tween deck, and by the time it was rigged 
(40 minutes) the water had risen 4 ft. in the *tween 
decks. The pump succeeded in draining the space 
and keeping it under control, and the Henry Wilson 
was beached in Ballyholme Bay. Heavy ground 
moorings were laid to secure her in position while 
submersible electric pumps were rigged into the lower 
hold, which was thus drained. By flooding the after 
hold she was brought to a forward draught of 22 ft. 10 in. , 
at which she was dry-docked at Belfast. 





EXCAVATORS.—-We have received from Messrs. Rat- 
somes and Rapicr, Limited, Waterside Works, Ipswich, 
a copy of a new publication summarising the characteris- 
tics, dimensions and capacities of the firm’s standard 
excavators. The range covers shovels, trenchers, skim- 
mers, draglines and walking draglines. 
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ARC. WELDING. 


For some years prior to 1939 the use of alternating 
current for are welding had been steadily increasing, 
and this trend became more noticeable during the war 
when it was desirable to concentrate on the most 
economical type of plant. Although it may be said 
that the welding transformer is considered to be the 
idea] source of power for most welding operations, it 
has the disadvantage that its use is accompanied by an 
increased risk of shock. This is particularly serious for 
the operator in confined spaces and in elevated situa- 
tions. 


power whenever the arc was extinguished, and this 


matter was dealt with in considerable detail in the 


“Memorandum on Electric Arc Welding,” which was 
issued by the Factory Department of the Ministry of 
Labour and Nationa] Service in December, 1945. In this 
memorandum it was recommended that the operator 
should have some means of making the electrode holder 
dead (without having to walk away from the position in 
which he was working) by fitting a completely insulated 
holder, by the provision of a plug and socket in the weld- 
ing cable near the electrode holder, by the use of a device 
that automatically reduced the voltage applied to the 
electrode holder when the arc was extinguished, or by 
employing a mains current contactor, operated by pilot 
wires, in conjunction with a contact in the electrode 
holder. The General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, have 
devoted considerable attention to this problem, and, as 
a result of a request by the Directorate of Industrial 
Equipment of the Ministry of Supply, have developed a 

if device, which consists essentially of an isolating 
switch in the electrode holder itself. 

This safety-type electrode holder is illustrated in 
Figs. 1 and 2, the latter being a sectional drawing show- 
ing its construction. It is capable of carrying current 
up to 300 amperes continuously and of operating with 
electrodes up to No. 4 S.W.G. As will be seen, it con- 
sists of a body of moulded insulation a terminating in a 
head of anodised-aluminium alloy 6, which is provided 
with cooling fins. The use of anodised aluminium for 
this purpose has two advantages: it prevents the 
accumulation of “spatter” on the radiating fins and 
provides a degree of insulationg which minimises 
random flashing due to accidental contact between the 
metallic part of the holder and the work. The elec- 
trode c is inserted in a nozzle at the extremity of the 
head 6 and is gripped by a spring-loaded copper 
plunger d, which also acts as a conductor. The welding- 
cable socket is screwed and locked by a grub screw into 
the terminal block e. The inner ends of both the 
plunger and the terminal block are fitted with silver- 
faced contacts f, which are insulated from each other 
and ave separated by a space of fin. Thus, when not in 
use, “she whole of the exposed surfaces of the holder and 
electrode are insulated from the welding supply. The 


It was therefore apparent that steps must be 
taken to isolate the electrode holder from the source of 
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so that electrodes can only be withdrawn or inserted 
when the switch is off. To replace an electrode the 
central plunger must first be retracted by an outward 
movement of the switch lever, as shown in Fig. 1, and 
this cannot take place until the contacts have separated 
and isolated the holder and electrode. Thus an elec- 





supply is connected to the electrode by depressing a 
spring-loaded lever g in the body of the holder. This 
operates a self-aligning silver-faced bridge piece h 
which makes contact with the terminal block at one 
end and the copper plunger at the other. When the 
lever is released, a spring causes the bridge piece to 
break contact and make the holder dead. 

Actual operating experience with the holder has led 
to the introduction of a number of features in its design. 
For instance, the entrance of foreign abrasive matter is 
prevented by an asbestos packing gland i in the tube 
through which the plunger passes. Friction is reduced 
by introducing a thin layer of graphite between the 
plunger and the tube. The spring k operating the 
plunger is located towards the rear of the latter where 
the temperatures are comparatively low, so that the 
temper of the spring is not affected. As the holder 
can be dismantled in a few minutes without special 
tools the renewal of worn parts is facilitated. In 
addition to the cooling head 6 with its fins there is a 
heat-insulating space between the body of the holder 
and the outer tube which is in contact with the opera- 
tor’s hand. This, it is stated, ensures cool operating 
conditions even when working at the maximum cur- 
rent. The back of the operator’s hand is also protected 
from direct radiation from the are by a non-ignitable 
shield 7, which can be detached when it is necessary to 
work in the less accessible positions. It may be added 
that the weight of the holder is only 14 lb. and that the 
balance is improved by the use of a light alloy for the 
nosepiece. The pressure required to depress the switch 
lever is small. 

It will be obvious that the essential feature of the 
design is the contact system which, we understand, was 
developed after extended tests under working conditions, 
It is claimed that the‘switch is capable of breaking 
the full welding current without severe arcing at the 
contacts, though normally, of course, it will not be 
required to do so, since the current will be broken at 
the arc. In order to prevent the safety device from 


trode can be replaced quickly and safely. Since the 
holder can be held comfortably without depressing the 
switch lever, an operator can gain access to work in 
confined spaces, keeping both the electrode and the 
holder dead until he is ready to strike the arc. 








THE INSTITUTE OF TRANSPORT.—The Council of the 
Institute of Transport, 15, Savoy-street, Victoria- 
embankment, London, W.C.2, have made a number of 
awards in respect of papers presented to the Institute 
during the 1945-46 session; prizes for outstanding per- 
formances at the 1946 examination have also been given. 
These awards include the Railway Companies’ Association 
awards to Mr. E. S. Hutchins, Buenos Aires Great 
Southern and Western Railways, and to Mr. A. R. Smith, 
L.M.S. Railway, Manchester; the Road Transport 
(Passenger) Award, to Mr. H. A. Curnow, Kilburn 
Polytechnic ; the Bristol and White-Smith Air Transport 
Medal to Group-Capt. P. S. Foss, O0.B.E. ; the Bristol and 
White-Smith Air Transport Award for students, to Mr. 
G. E. Smith, South African Railways and Harbours ; 
the Bristol and White-Smith Air Transport Award 
(Overseas), to Mr. C. A. Butler, New South Wales; the 
Dock and Harbour Authorities Association Award to 
Mr. H. G. Course, Port of London Authority ; the Dock 
and Harbours Authorities Association Award for gradu- 
ates and students to Mr. S. Cox, Manchester Ship Canal 
Company ; the Sir Alfred Read Award to Mr. A. Watson, 
M.B.E., Chamber of Shipping ; the Institute 1944 Award 
to Mr. G. Dickinson, of McNamara and Company; the 
Graduate Award to Mr. G. A. Crocker, South African 
Railways and Harbours; the Student Award to Mr. 
H. F. Andrews, Southern Railway, London; the “ Mo- 
dern Transport ’” Award to Mr. R. G. Mair, of G. Ewer 
and Company; the associate-membership examination 
prizes to Mr. R. E. G. Brown and to Mr. G. Pullen; 
graduateship examination prizes to Mr. R. I. Cowan, and 
to Mr. A. G. Yates ; and the Sir Alfred Read Examination 





being put out of action deliberately, it has been designed 





Prize to Mr. R. I. Cowan. 
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COPPER-PHOSPHORUS-LEAD- 
NICKEL ALLOYS. 


An investigation on the properties and characteristics 
of a new copper-base alloy containing phosphorus, lead 
and nickel, carried out in the laboratories of the United 
States Gun Factory at Washington, is described by 
Mr. V. A. Grodsky in a recent issue of Metal Progress. 
The author states that the experimental alloys studied 
were within the range of | to 10 per cent. of phosphorus, 
5 to 30 per cent. of lead, and 0-5 to 3 per cent. of nickel, 
the balance being copper. From a series of castings it 
was found that the best results were obtained in alloys 
containing from 2 to 4 per cent. of phosphorus, from 
8 to 12 per cent. of lead, and from 0-75 to 1-5 per cent. 
of nickel, and that, as might be anticipated, alloys 
containing over 4 per cent. of phosphorus are brittle, 
with an accompanying increase in hardness. The 
results are considered to indicate the potential useful- 
ness of the alloys for castings the mechanical properties 
of which are not required to be very high. Thus a 
typical alloy, which contains 3-25 per cent. of phos- 
phorus, 10 per cent. of lead and 1-0 per cent. of nickel, 
has a tensile strength of 19-3 tons per square inch, 
with good elongation, and a hardness on the Rockwell B 
scale of 46. Among the advantages claimed for the 
new alloys are their relatively low melting temperature, 
which is about 760 deg. C., and the possibility of dis- 
pensing with flux or charcoal cover during the melting 
operation. The alloys, moreover, are very fluid and 
“searching”, and the resultant castings possess high 
density and good machinability. Their corrosion 
resistance, under exposure to ordinary service condi- 
tions, is claimed to be superior to that of phosphor- 
bronze, while their bearing properties are stated to 
compare favourably with those of good copper-lead-tin 
bronzes. The cost of the alloys is said to be relatively 
low owing to the absence of tin, the comparatively short 
melting time and simple moulding technique employed, 
and the absence of heat treatment. The alloys can be 
poured into cast-iron or sand moulds. Segregation 
will occur if the pouring temperature is too high. 
Chills can be used and owing to the freezing characteris- 
ties of the alloys, the mould does not require many 
heads and risers. The alloys have the further advan- 
tage that they can be easily welded with rods made from 
the same metal and using 4 gas or an electrical process. 
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NOTES FROM NORTH AMERICA. 


Mr. Jonn L. Cottyer, President of the B. F. 
Goodrich Company, Akron, Ohio, reported recently 
at a meeting in Washington, D.C., that striking pro- 

had been made in reducing the production cost 
of general- American-made rubber, Duri 
the first half of 1945, the average plant cost of the 
main type was approximately 30 cents a pound, but, 
after VJ Day, it was ible to eliminate some of the 
high-cost production. This, and more efficient operation, 
have reduced the average cost of the main-type rubber 
to less than the selling price of 18} cents a id 
established by the Government. The United States, 
he said, could now produce about 600,000 tons a year 
at a plant cost of 12 cents or less a pound, or, including 
plant amortisation, depreciation, distribution e 
and return on invested capital, between 15 cents and 
17 cents a pound, After the war, the price to the 
United States of Far Eastern rubber was fixed by 
negotiation with the Governments of the United 
Kingdom, the Netherlands and France at 20} cents 

r pound at Far East ports, and this enabled the 
United States Government to continue to sel] to manu- 
facturers without loss at 224 cents a pound. That 
agreement ended on June 30. More recent agreements 
call for the purchase by the United States during the 
second half of this year of 145,000 tons of rubber from 
the Far East at the higher price of 23} cents per pound 
at Far East ports, which represents a delivered price 
to American industry of 25} cents a pound. Until the 
supply position is such that crude rubber and American- 

e rubber can meet in outright competition, it is 
impossible to see how preference for crude rubber will 
affect the American-made product, but unquestionably 
the selling price of crude would come down to meet 
competition, if necessary. To permit the peoples of 
the world to benefit by the large-scale competition 
between crude rubber and American synthetic rubber, 
Mr. Collyer suggested that serious consideration be 
given to returning crude rubber to a free-market basis, 
so far as purchases by the United States or its industries 
are concerned, at the expiration of the present buyi 
agreements on December 31, 1946 ; and that the United 
States Government should — with the programme 
recommended by the vernment’s Inter-Agercy 
Policy Committee on Rubber of selling or leasing 
rubber-producing facilities to private industry, with 
due safeguards to insure the minimum capacity and 
production vita] to military security. 

Data recently made available by the American Road 
Builders’ Association show that, of the present highway 
system of the United States, which consists of 3,300,000 
miles of roads, tolls are collected on only 25 roads, 
240 bridges, six tunnels, and 561 ferries. The yearly 
collection of these tolls totals only 96,000,000 dols. in 
a normal year. The toll roads in the United States 
amoupt to only 346-6 miles, including the 160-7 miles 
of the Pennsylvania Turnpike, which extends from 
Harrisburg, Pennsylvania, to Pittsburgh, Pennsyl- 
vania, and is the country’s longest toll road. The 
Wilbur Cross Parkway, in Connecticut, 2-15 miles 
long, is the shortest public toll road. The 235-3 miles 
of public toll roads and 111-3 miles of private toll roads 
are all] intra-State. During the war, the collection of 
tolls was abolished on a quarter of the toll bridges, 
and several more important bridges are to be freed in 
1947, Arizona, Nevada, New Mexico and Utah have 
no toll highways of any kind, and Delaware, Idaho 
Indiana, Towa, Kansas, Minnesota, Nebraska and 
Wisconsin have no intra-State, but one or more inter- 
State services. In contrast, the State of Kentucky has 
128 toll bridges and ferries. New York is second with 
78 tolls, which includes some roads, and Illinois is 
third with 62 bridges and ferries. In the United States, 
the Federal Government provides large financial aid 
for highway construction, but the work is done by the 
road departments of the various States. 

The State of Minnesota has announced plans to 
construct a 650,000-dollar plant to convert Mesabi 
carbonate slate into pure iron powder. The slate, a 
waste product, is present in large quantities in the rich 
Mesabi iron range of northern Minnesota, but its con- 
version into iron powder has been neglected hitherto 
because of the high cost of recovery. The rapid deple- 
tion of the reserves of high-grade iron ore in recent 
years, however, has led the State authorities to expedite 
research in methods of utilising the slate. In the con- 
version process developed by the Mines Experiment 
Station of the University of Minnesota, ten tons of 
slate are used to produce one ton of pure iron powder. 
In manufacturing machine parts, the cold iron powder 
is pressed into dies and the briquette is then heated to 
a suitable temperature. It is said that the final product 
has a strength between those of cast iron and steel, and 
may be plated, galvanised or surface-hardened. 

The steel mills of the United States now have a 
greater capacity for hot- and cold-rolled sheets and strip 
than in 1941, the record pre-war year for those pro- 
ducts; and it is expected that this capacity will be 


- 





TING | rolling mills, representing 2,500,000 tons additional 
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The American Irop and Steel Institute states that, 
since July 1, 1941, more new sheet and strip mills have 
been constructed in the United States than have been 
dismantled, the net effect being to increase the capacity, 
at the present time, to about a million tons above the 
level of July, 1941. Before July 1, 1947, additional 


output, will be completed, and further additions 
(beyond the 3,500,000-ton increase from July, 1941, to 
July, 1947) will be made before July 1, 1948. Duri 
1941, the production of hot- and cold-rolled sheets 
strip totalled 14,570,000 tons. 

45,000-ton battleship Kentucky and the 27,000- 
ton battle cruiser Hawaii, which were both under con- 
struction in the United States when the war ended, are 
to be completed as the first guided-missile warships of 
the United States Navy. The Navy Department have 
announced that, in keeping with the overall fiscal 
policy of reducing expenditures, the Norfolk Naval 
Shipyard had been directed to delay delivery of the 
Kentucky approximately a year. At the same time, it 
was announced that the hull work on the Hawaii, which 
is being built by the New York Shipbuilding Corpora- 
tion at Camden, New Jersey, would be delayed pending 
major design c Now, as stated, the two ships 
are to be com: as guided-missile warships. Vice- 
Admiral E. L. Cochrane, U.S.N., Chief of the Bureau 
of Ships, has explained that the United States Navy’s 
experiments with guided missiles have always con- 
templated eventua] shipboard installation, although 
— studies were handicapped until the Navy had 
made more progress in the development of these wea- 

. According to Vice-Admiral Cochrane, the 

studies now being made for the Kentucky and 
the Hawaii, together with the development of missiles 
guided by carrier-based aircraft, are expected to lead 
to a revolution in the striking power of naval warships. 
Nearly 25 years ago, work was suspended or two battle 
cruisers pending design changes which lead to their 
completion as the aircraft carriers Lexington and 
Saratoga. While major conversions of ships originally 
designed for another role are expensive, he continued, 
these two big carriers proved the advantage of making 
new ty ready for service test as soon as possible. 
Similarly, the first aircraft carrier in the United States 
Navy, the Langley, was converted from a collier, the 
Jupiter. 

Air-conditioning systems are being installed in two 
new 17,000-ton United States cruisers, the Salem and 
Newport News, under an experimental programme 
designed to increase the fighting efficiency of the 
personnel and to improve living conditions on board 
the ships. The Navy has made increasing use of 
shipboard air-cooling equipment for more than 40 years, 
culminating in the experimental installations now being 
made. Except for the machinery spaces, virtually all 
living and working compartments aboard the new 
cruisers will be air-conditioned. Two t of equip- 
ment are heing tested by the Bureau of Ships. One, 
utilising steam-jet equipment, will be in the Salem 
when she is completed at the Bethlehem Steel Company’s 
shipyard, Quincy, Massachusetts, in late 1947. The 
Newport News, now under construction by the Newport 
News Shipbuilding and Drydock Company at Newport 
News, Virginia, and also scheduled for completion in 
late 1947, will have high-speed Freon compressors. 
Both cooling systems have a simplified coil which is 
shockproof and easily cleaned. The results shown by 
the first two installations, together with space and 
weight factors, will decide the future types of cooling 
equipment for combatant ships. Late in the war, the 
Bureau of Medicine and Surgery of the United States 
Navy, in co-operation with the Bureau of Ships, investi- 
gated the need for shipboard air conditioning and 
determined the technical requirements for optimum 
results. This research established that marked im- 
provement in the efficiency and health of ship’s crews 
would result from the use of cooling equipment in 
living quarters, which would permit more restful sleep, 
ing, and prevent certain skin ailments caused by heat 
and humidity. Extensive experiments were conducted 
at the Naval Medical Research Institute, Bethesda, 
Maryland, and on board the aircraft carrier Franklin on 
her ‘“‘ shakedown ” cruise in the Caribbean Sea. The 
Research Institute tests, which simulated conditions on 
board a ship in tropical waters, were carried out on 
two groups of volunteers. Both groups worked in 
hot environments, but one group rested in hot quarters 
while the other rested in quarters cooled just below the 
sweating ‘‘threshold” temperature. The studies 
involved the \measurement of 32 physiological and 
psychological ‘functions. The examination of such 
diversified functions as sensory-motor performance, 
various aspects of vision, and the performance of 
physical work in the heat consistently demonstrated 
the superiority of the ‘‘ cool” group. It was concluded 


that the principal factor underlying the differences 
shown by the two groups was the amount of restful 
sleep. The men in cool quarters slept better, while 
almost without exception the men in the “ hot” group 





substantially augmented during the next twelve months. 





developed heat rash, which disturbed their sleep and 





reduced their efficiency on the following day. Mecha- 
nical ventilation, using’supply and exhaust fans only, 
was found to be incapable of producing and maintaining 
the physiologically acceptable level of 78 deg. F. 
effective temperature. As a result. of the research, the 
Bureau of Ships was authorised to incorporate experi- 
mental air-conditioning equipment in the two cruisers 
mentioned. With the cooli ipment, the living 
and berthing spaces of the Salezn and the Newport 
News will be kept at an effective temperature of not 
more than 78 deg., this temperature being chosen 
because it is the highest at which a person can remain 
at rest without perspiring. It is equivalent to 85 deg. F. 
at 50 per cent. relative humidity. Although the 
Salem and the Newport News will be the first American 
combat ships to have their living quarters com ly 
ait conditioned, cooltng on board naval ships 
are not an innovation. About 40 years , tempera- 
ture contro] was introduced to safeguard the magazines 
of the early ts, the air being kept at 90 deg. 
F. by circulating it over brine coils ; and air-condition- 
in submarines has been the subject of many years 
experiment. CO, was used in 1934 as the refrigerant 
for submarines, but was by the Freon com- 
pressor five years later. South Dakota, com- 
missioned in 1942, was the first skip to have air- 
conditioned hospital spaces. In the same year, the 
Bureau of Ships proceeded to equip the operating rooms 
and sick bays of all other ships with mechanical cooling. 





STEELWORKS IN THE BRITISH 
ZONE OF GEKMANY. 


Iy a written answer in the House of Commons on 
Thursday, October 31, the Chancellor of the Duchy 
of Lancaster (Mr. J. B. Hynd) gave the following list 
of steel-producing plants in the British Zone of Ger- 
many, with their individual annual outputs 
between 1938 and 1944, inclusive, and their present 
actual rates of uction of crude steei. The table 
also shows the its that are at present idle and those 
which have been allocated to the Western Allies or to 
the Russians as reparations. No plants, it was stated, 
have yet been scheduled for desctruction. 


Steel-Producing Plants in British Zone. 








_— Present 
y bad Actual 
Name and Location. Output 
During A dd 
1938-44. om 
Thousand Thousand 

Tons. Tons. 
D.H.H.V., Hoerde* .. 1,065 342 
G.H.H., Oberhausent oie = 1,284 336 
Kidéckner, Georgmarienhitte — 336 96 
lieder Hiitte, Peine .. es od 662 198 
Waizwerke Béking, Cologne 5a 81 30 
Harkort-kicken, Hagen = — 55 30 
Press- u. Waizwerke, Diisseldorf .. 151 46 
Ruhrstahi, Witten .. mh | 175 40 
hisenhtitienwerke, Bochum ba 147 86 
Kubrstahi, Oberkassel re oe 59 2 
Kiéckner, Haspe 3: ts Pe. 759 126 
D.K.W., Miicheim**. . vs ot 223 60 
Geisweider Kisenwerke oi od 91 69 
Krupp, Kheinhausen - bl. 1,402 60 
Bochumer Verein Gusstahlfabrick, 

Bochum... $6 if A 618 197 
Hoesch, Dortmund .. % ad 1,323 228 
Deutsche Edeistahiwerke, Krefeld 179 16 
Deutsche Edelstahlwerke, Bochum 14 2 
Bohier, Diisseldorf .. 5 “fe 45 1 
Mannesmann, Huckingen .. és 805 198 
Thyssen Heiderich, Duisburg sid 900 342 
Mannesmann, Gelsenkirchen si 216 72 
Thyssen Niederrheinische, Duis- 

burg- Hochfeid wis wh vs 378 84 
Misceusaneous Small Plants (69) .. 433 7 
Thyssen, Ruhrort .. us om 546 cee 
Kuhrstahi,Gelsenkirchen .. ve 33 oes 
Krupp, Hssen. . oe ot 260 t 
Krupp, Essen-Borbeck she o° 445 8 
Bochumer Verein, Héntrop, Bochum 340 ses 
Reichswerke Hermann Goering, 

Watenstadt ve “ of 850 eee 
Thyssenhitte, Hamborn-Duisburg 2,332 see 
Deutsche Edelstahiwerke, Linn... 25 ee 
Deutsche Edelstahiwerke, Hannover 18 eee 
Kuhbrstahi Annener, Witten-Annen 57 ose 
Mannesmann Grossenbaum, Gross- 

enbaum < - ™ 161 ose 
G.H.H. (Haniel und Lueg), Diissel- 

dorft 'S — aes o2 64 
Rheinmetall, Diisseldorf .. ol 130 ose 
Deutsche Eisenwerke, Milheim ... 203 oes 
Bergische Stahlindustrie, Rem- 

scheid ~ sf oé ee 36 eee 
Spandauer Stahiindustrie, Berlin .. 70 see 
D.H.H.V., Dortmund* en - 983 see 
Kléckner Osnabriick, Osnabriick .. 112 eee 
Ruhrstah! Heinrichshitten, Haltin- 

gen .. és # $% ¥ 378 ose 
Kléckner, Diisseldorf - 99 eee 
Bochum Weitmar, Bochum. . om 250 oes 











* Dortmund-Hoerder Hiitten Verein. +t Gutehoffnungshiitte. 
** Deutsche Réhrenwerke. { Idle and allocated for the Western 
Allies as reparations. § Idle and in process of being dismantled 
for the Russians, in accordance with Inter-Allied Reparations 
Agency Allocation. *** Idle. 











AUTOMATIC PNEUMATIC-INDEXING DRILLING 
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AUTOMATIC PNEUMATIC- 
INDEXING DRILLING JIG. 


THE ind>xing driiling jig, illustrated on this and the 
opposite pages, has been devised to reduce the time 
taken in clamping small components in drilling j'gs 
and in removing them after drilling, which time is 
often much in excess of that needed for the drilling 
operation. An example is afforded by the drilling of 
a single hole in the copper contactor tips employed 
in electric railway vehicles. For this operation, an 
automatic pneumatically-operated jig was developed 
for use in the machine shop of the railway overhaul 

‘works at Acton, of the London Passenger Transport 
Board, its des'gn being due to Mr. Cecil E. Bench, 
section controller in the machine shop and tool room. 
The two general views, Fig. 1 and 2, show that the jig 
is used with a drilling machine of the sensitive type. 
The movement of the feed lever of the drilling machine 
initiates the automatic clamping of the work in the 
jig and its rotation to the next hole, as well as the 
discharge of the drilled components. E‘ght of the 
contactor tips can be seen in position in the j'g, from 


which two have been ejected. A row of the drilled | 


tips is v's ble on the machine table in both illustrations ; 
they are L-shaped and of the approximate dimensions 
given in F'gs. 3 and 4, on the opposite page. 

The j'g itself is shown in Figs. 3 and 4, while the 
control mechanism actuated by the machine lever is 
illustrated in Fg. 5. Fig. 3, it will be noticed, shows a 
_ section through the vertical centre line of F’g. 4 

he table consists of four parts, namely, a plate a 
fitted with 10 drill bushes, an intermediate plate b 
with 10 per‘pheral notches to receive the contactor 
tips ; a plate c with 10 notches to clear the drill point 
and to facilitate swarf-d'scharge; and an indexing 
plate d with 10 peripheral notches engaging with a 
pawl. All four plates are assembled by accurate 
through-dowel pins and the. indexing plate is secured 
to a substantial base e, which, in turn, is bolted to the 
machine table. The rotary table thus formed is, of 
course, free to rotate on the fixed base. Its rotation is 
effected by a sliding bar f, which is reciprocated by the 
double-acting pneumatic cylinder g, the bar being pro- 
vided wth a pawl h. It will be clear from Fig. 4, in 
which the tooth of the pawl is engaged with one of the 
notches in: he indexing plate, chat movement of the 
bar { upwsis, on air being admitted to the lower 
end of the cylinder g, will disengage the tooth. The 
stroke of the cylinder is such that the tooth wil] then 
engage with the next notch above it. When air 





_ ENGINEERING. 


is admitted to the upper end of cylinder g, the bar f | 


travels downwards and the paw] then pushes the rotary 
table in the counter-clockwise direction through an 
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Fia. 2. 


work and the table are actuated by a cam s on the 
| sliding bar f. As the bar rec’procates, th’s cam opens 


| two spring-loaded valves in the valve chest t. The 


angle of 36 deg., in which position the next drill bush | upper valve is situated on the pressure-air supply 


is exactly coincident with the drill axis. A positive 
locking of the table in ths position is, however, required, 


|to both cyl'nder j and cyl'nder I. 


main uw and the lower valve controls the air supply 
At th's pont, 


since the pawl h obviously engages with only one s‘de | attent‘on should be directed to certa‘n differences in 
of the appropriate notch. Th’s lock'ng is effected by| construction between the apparatus shown in Figs. 


a hinged latch i, the tooth of which, when in a notch, 
bears on the opposing faces of that notch. 

The latch i is held with its tooth in the notch by 
pressure, at the end of a quadrantal arm, imposed by 


when air is admitted to the upper end of the cylinder. 


Withdrawal of the tooth from the notch is effected | 


by a helical tension spring k, one end of which is 
anchored to the base and the other to the latch. 
This spring holds the tooth clear of the notch until the 
moment of socking, and the quadrantal arm is shaped 
so as to allow freedom of movement to the latch | 
without fouling the piston rod of cylinder j. The} 
movements of the sliding bar and latch are independent 
though, of course, synchronised. So far, the rotation 
of the table has been dealt with, but it will be obvious 
that the contactor tip must be held positively in place 
in the radial direction. This is effected by a third 
pneumatic cylinder 1, which is single acting and the 
p'ston rod of which, pressing on the back of the con- 
tactor tip, holds it in place in the notch in plate 6, 
in which it is placed. The tips are loaded by hand at 
the point m, but unloading is effected by pneumatic 
means. At the back of each notch is a p'pe n, con- 
nected with the pressure air supply o. In the part 
section, Fig. 3, this p'pe is sealed at the bottom, but 
when the table has rotated to the position p, F'g. 4, 
it comes into line with the pressure air supply p'pe, 
and the drilled contactor tip is blown out of its notch 
along with any swarf. To avoid any lodgement of 
swarf in the indexing notches, a somewhat similar 
air-cleaning device is employed, vertical holes g through 
the plates concerned branching into two holes at the 
back of each notch. As the table rotates these holes 
coincide with the air pipes at r and r’ which are seen 
in Fig. 4, situated just before the notches with which 
the pawl and latch engage, respectively, ‘ before ” 
being used with reference to the rotation of the table 
which is counter-clockwise. The air used for this 
cleaning is the exhaust from cylinder g. 

The control of the various air supplies may now be 
considered. In the main, this is effected by movement 











of the drilling lever, but the clamping devices of the 








the piston rod of a single-acting pneumatic cyl'nder j. 





tip and the locking of the tabie by the latch. 


1 and 2 and in F'gs. 3 and 4, the illustrations concerned 
show'ng two d fferent forms; the difference, however 
is only in deta‘] and does not affect the princ’ple. For 
example, in F'g. 2 the cam is on the top of the slide 
and there is only one valve, while in the arrangement 
shown in F'gs. 3 and 4 the cam is below the slide and 
there are two valves. The lay-out of the lever control 
is shown in F'g. 5. A lug a bearing a project’ng p'n is 
bolted to the lever disc, the pn being kept in contact 
with a pivoted swingng T-headed lever 6, by means 
of a tension sprng c. The head of lever 5, ‘n its two 
extreme positions, depresses either one of two spr'ng- 
loaded valves in the cas’‘ng d. These valves control 
the air supply and are connected to the jig mechan'sm 
by flex'ble pipes as shown in F’gs. 1 and 2. The 
supply of pressure air to the mach’ne is through the 
heavy p’pe seen near the right-hand of the mach‘ne 
table in Fg. 1. A connection from th's supply leads 
up to the valve chest d, Fg. 5, and is seen on the r ght 
in F’g. 1. In this latter illustration there are three 
p pes lead'ng to the jg, two of them being connected 
to the ends of cylinder g, Fig. 4; the third pipe is 
for the exhaust dscharge from the cyl’nder to the 
pipes r and r’, Fig. 4 The sequence of events is, 
briefly, as follows. The machine lever is in its top 
position when the drill is retracted. By pulling down 
the lever, the disc is turned in a counter-clockw’se 
direction and lever b of Fig. 5, being released, is pulled 
up by its tension spring. By the time the hole is 
drilled by depression of the mach‘ne lever, the pressure 
is available at the lower end of cylinder g, Fig. 4, to 
retract the sliding bar f to a position such that pawl h 
will engage with the next indexing notch. As the drill 
clears the j g on its return stroke, the latch ¢ is with- 
drawn and the pawl is moved to the next notch, the 
pressure being mainta’ned on the clamp by cyl'nder | 
to prevent the table from being rotated backwards 
dur ng the pawl withdrawal movement. This move- 
ment being completed, the next downward movement 
of the drill lever first causes the release of cylinder l, 
then the rotation of the table to the next bush position 
and the clamp‘ng in place of the undrilled contactor 
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DEVELOPMENTS IN ELECTRICITY 
SUPPLY METERS. 


In the course of an address entitled ‘“‘ Trend and 
Development in Meters and Instruments,” which he 
delivered as chairman before the Measurements Section 
of the Institution of Electrical Engineers, on Friday, 
October 25, Mr. L. J. Matthews said that, during the 
war, the production of electricity-supply meters was 
reduced to about 5 per cent. of the normal and manu- 
facturers were en; in making quite different types 
of instruments. In these instruments, however, extreme 
accuracy of workmanship and performance was essen- 
tial, and post-war meters might therefore be expected 
to benefit therefrom. There had also been a certain 
amount of research, and discussion had occurred from 
which it was evident that meter practice was entering 
& period of important change. 

ie ye ey of moulded Bakelite. for cases, 
terminal insulation, coil formers and other parts was 
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now practically universal. The use of paint or enamel 
as a protective finish for internal parts had been super- 
seded by electroplating. The brake magnet was a 
major factor in the attainment of stable accuracy, and 
in this respect the employment of modern magnet steels 
had effected a very great improvement. To the meter 
engineer, the most important characteristic of the new 
magnetic materials, such as the cobalt steels and 
aluminium-nickel-cobalt alloys, which were first used 
a year or two before the war, was their very high 
coercive force. An approximate comparison was: 
tungsten steel, 70 oc s; 15 per cent. cobalt-steel, 
190 oersteds ; and Alnico, 600 oersteds. Other factors 
being given due attention, coercivity was a measure of 
performance, so that the contribution of the modern 
magnet to improvements in this direction had been 
important. 

roughout the history of metering, one of the most 
baffling problems had been the wide variation in 
performance of jewelled rotor bearings, on which low- 
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load accuracy depended more than on any other factor. 
As a result of systematic research, however, it was now 
possible—by control in the manufacture of the sapphire 
cups and by the use of a particular type of oil—to rely 
with tolerable certainty on a period of service of at 
least seven years before the error of a single-phase 
meter at 1/20th load increased by 2} per cent. There 
was some evidence that the precise nature and thick- 
ness of the surface layer of the sapphire formed in the 
polishing process had a considerable effect on the life 
of the cup. A more suitable pivot than steel also 
remained to be discovered, while the design of the 
electromagnets, their disposition relative to the brake 
magnets, and the specific loading of the rotor, were 
other factors having a controlling influence on the life 
of the bearing. 

The successive editions of British Standard Specifica- 
tion No. 37 only partly revealed the steady improve- 
ment in meter performance. The current edition, 
issued in 1937, provided for meters having a range of 
accurate loading from 25 per cent. overload to one- 
twentieth of rated full load, but i also the 
type of meter having an accurate overload range of 
100 per cent. The position to-day was that all new 
single-phase meters up to 50 amperes rating were of 
the long-range type for which close limits of error 
were specified from twice full load down to one-twentieth 
load. A recent development was the provision of 
compensation for changes in ambient temperature. 
British Standard Specification No. 37 permitted a 
temperature coefficient up to 0-1 per cent. per deg. C., 
so that between summer and winter temperatures the 
error of an alternating current meter might change 
about 1-5 per cent. or more when fixed in a bad posi- 
tion. 

Numerous factors, some having opposite effects to 
others, were involved in the temperature error, the 
principal causes being change in the control exercised 
by the brake magnet and disturbance of the essential 
correction of quadrature between the magnetic fluxes 
due to the current and voltage coils. Errors due to 
the latter cause did not sensibly affect meters which 
operated at or near unity power factor and for such 
meters it might be considered sufficient to compensate 
only for variation of the braking torque. An effective 
method of doing this was to employ one of the nickel- 
iron alloys, the permeability of which changed with 
the temperature, in the form of a shunt to the brake 
magnet and as the core of a varying choke in the 
electro etic system. This form of com tion 
dealt a gta BE changes which ao in 
ambient temperature and did not necessarily limit the 
error due to self-heating, which was usually a short- 
term effect. 

During the past fifteen years, developments in pre- 
payment meters had been particularly noticeable, and 
flat rate, step rate, load rate, dual circuit and two-part 
tariff slot meters were now available. There were 
many additional complications, such as dual- and triple- 
coin operation, universal rate-changing mechanisms 
and—strange anomaly in a prepayment meter—devices 
which allowed a consumer to run into debt while still 
drawing supplies. The principal. problems in these 
developments were mechanical, but designers had had to 
take care that the electrical performance was not 
adversely affected by the complication of the mechan- 
ism, and at the same time to keep pace with the rapid 
increase in loads which this type of meter had to carry. 
The prepayment meter most in demand to-day was 
rated at 25 to 50 amperes. Much attention had 
had to be given to the design of the meter switches 
to meet this condition of service, which was particularly 
severe in the case of multi-coin meters operated fre- 
quently by penny coins, A contactor-type switch, 
having adequate contact pressure, ample mass of metal, 
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and preferably a rolling action to separate the arcing 
and running surfaces, gave excellent service. The 
contacts should either be of silver or silver plated. The 
most recent development in prepayment meters was 
the two-part tariff meter employing a small synchron- 
ous motor for the collection of the fixed charge. The 
duty was severe for these motors, which consumed 
only two or three watts and ran continuously. The 
chief causes of failure were weakening of the permanent- 
magnet rotor and excessive wear in the rotor bearings. 
In a recent design, these factors had been given special 
attention by making the rotor from one of the modern 
magnetic materials, having a high coercivity to with- 
stand the dem: ising effect of the stator. The 
rotor had a high ratio of length to diameter, and pro- 
vision was made for retaining a reserve of oil, supple- 
mented by an oil-impregnated fabric packing feeding 
through the sleeve. Provision was also made for 
replenishing the oil without opening the motor or 
removing it from the meter. mange the rotor 
floated in the field thus avoiding the use of a footstep 


Dealing with the effect of the Electricity Supply 
(Meters) Act, 1936, Mr. Matthews said that this measure 
set up machinery to ensure that the meters installed 
were of an approved type and were individually 
examined and certified by an “electric inspector.” 
The immediate effect on the supply undertakings had 
been a total expenditure on testing equipment of about 
1,000,0001., and a consequent improvement in the 
equipping and staffing of the meter departments. The 
immediate benefit to the consumer was small. All 
the meters in circuit were deemed to be certified for a 
period of ten years, but that did not make them any 
more accurate. New meters installed under the Act 
had been more closely calibrated and, in particular, had 
smaller errors on the fast side. When the war inter- 
rupted the work, undertakings were proceeding with the 
systematic overhaul and certification of the meters in 
service, very many of which had been on circuit for 
several years. In general, these meters were running 
slow on operative loads, owing to badly worn bearings 
and other causes, and the result to the consumer 
of dealing with them had been to increase his account. 
In addition, he had to pay for the cost of setting up 
and maintaining the service which ‘provided him 
with a certified meter. In return, the consumer 
could be certain that his supply of electricity was 
measured with a greater degree of accuracy than was 
the case with any other service or commodity which 
he bought. 

Regarding standardisation, it had been found 
possible, in the case of whole-current single-phase credit 
meters, to fix the maximum overal] dimensions, the 
actual dimensions of the fixing points, and the disposi- 
tion of the terminals, thus ensuring interchangeability. 
These dimensions had been issued as an addendum to 
B.S.S. 37, and would become mandatory in new designs 
on January 1, 1949. Similar consideration was being 
given to prepayment meters, in which the difficulties 
were very much greater and the cost of redesigning 
extremely heavy. It had been urged that certain 
internal features should be made common to all meters, 
but in actual fact no single component could be so 
treated without involving other features. For example, 
the correct design of the lower bearing depended on the 
weight and speed of the rotor, and also on the type and 
disposition of the electromagnets and braking system. 
As regards performance, if certain proposals were 
adopted there would be important modifications of 
present practice, especially in whole-current single- 
phase meters. These meters were now rated in terms‘ 
of so-called full load current, but had a continuous 
overload capacity, within specified limits of error, up to 
twice the rated current. It had been proposed that 
the rating should be modified so that the current 
marked on the name plate was the maximum continuous 
rating. Such meters would therefore no longer have a 
defined overload capacity, a fact which would have to 
be borne in mind when selecting the meter appropriate 
to each installation. Adjustments might also be neces- 
sary in the tolerances permitted in the meter error under 
conditions of varying voltage or frequency and of self- 
heating. 

A second proposal was to extend the present 40 to 1 
range of loading to 60 to 1. It was questionable, 
however, whether such an extension was necessitated by 
present conditions of domestic supply and, if it were, 
what the reasonable limits of error at different loadings 
should be. It might be economically unsound to strive 
for close accuracy throughout the range and more con- 
sideration should, in fact, be given to the practical 
requirements of service than to pushing performance up 
to the limit. Extending the range of the meter would 

rmit a reduction in the number of different ratings, 

t if any advantage were to be gained from this, all 
users must on the sizes to be adopted and all 
others must be excluded. The choice of sizes was a 
matter of importance. At present, 40 per cent. of the 
demand was for 25 to 50 ampere meters and 40 per cent. 


BRITISH STANDARD 


SPECIFICATION. 

Tue following specification of engineering interest 
has been issued by the British Standards Institution, 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of the paragraph. 

Acid-Resisting Silicon-Iron Pipes.—A newly-issued 
specification, B.S. No. 1333, covers acid-resisting 
silicon-iron pipes and pipe fittings (including elbows, 
bends, tees and crosses). It deals with the dimensions 
of high-silicon pipes and pipe fittings, ranging from 1 in. 
to 12 in. nominal bore and extensively used in chemical 
plant and where excessive corrosion is either inevitable 
or may be anticipated. The minimum silicon content 
to give maximum corrosion-resisting properties is 

erally agreed to be 14-25 per cent. Silicon iron is 
more brittle than ordinary cast iron and, in consequence, 
requires greater care and precaution in handling and 
transport. It is more difficult to cast and is more 
liable to porosity and distortion than ordinary cast iron. 
The casting of silicon-iron pipes with integral flanges 
presents particular difficulty and, in this specification, 
flanged pipes are specified with 45 deg. cone ends for 
assembly by halved loose coupling flanges of ordinary 
cast iron impinging upon the 45 deg. cone ends of the 
pipes. The specification also includes spigot and 
socket pipes, the spigot end of such a pipe being gener- 
ally similar to that of a cone-end pipe, but with a 
terminal bevel to clear the bottom radius of the socket. 
These provisions allow inter-connection between cone- 
end and spigot and socket pipes. The annular space 
between spigot and socket is intended to be filled with 
suitable acid-resisting packing. The sockets of the 
spigot and socket pipes will also accept the plain spigots 
of chemical stoneware pipes of the same nominal bore, 
thus allowing interconnection between a silicon-iron 
socket and a stoneware spigot. [Price 2s., postage 
included. ] 





BOOKS RECEIVED. 


Awards to Inventors. A Discussion of the Law Relating 
to the Use by the Crown of Inventions and of the Prin- 
ciples Applicable to Awards by the Royal Commission 
on Awards to Inventors of 1946. By J. P. GRAHAM. 
Sweet and Maxwell, Limited, 2 and 3, Chancery-lane, 
London, W.C.2. [Price 21s. net.] 

The National Atlas Series of Maps. Railways. Compiled 
by the Ministry of Town and Country Planning and the 
Department of Health for Scotland from Maps of the 
Ordnance Survey and from Information Supplied by the 
Railway Companies and the Ministry of War Transport. 
Printed in colour. Scale 1/625,000, or about 10 miles 
to lin. Sheet 1. Scotland. [Price 5s. net.] Sheet 2. 
England and Wales. [Price 5s. net.) Maps Office, 
Ministry of Town and Country Planning, 32, St. 
James's-square London, S.W.1. 

Saws and Sawing Machinery. By Eric N. Smons. Sir 
Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 15s. net.] 

Elementary Vectors for Electrical Engineers. By G. W. 
STUBBINGS. Second edition. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway. London, 
W.C.2. [Price 6s. 6d. net.) 

The Transport Situation in Europe. No. 10. July, 1946. 
Compiled by the EUROPEAN CENTRAL INLAND TRANS- 
PORT ORGANISATION. Offices of the Organisation, 
79, Avenue des Champs Elysées, Paris (8e), and 
40, Grosvenor-square, London, W.1. [Price 5s. net.] 

The Institute of Petroleum. Electrical Code. Offices of 
the Institute, Manson House, 26, Portland-place, 
London, W.1. [Price 5s. net.] 

War on the Line. The Story of the Southern Railway in 
War-Time. By BERNARD DARWIN. The General 
Manager’s Office, Southern Railway, Waterloo Station, 
London, S.E.1. [Price 7s. 6d.] 

Plastics in the World of Tomorrow. By CAPTAIN BURR W. 
LEyson. Paul Elek Publishers, Limited, 37/38, 
Hatton-garden, London, F.0.1. [Price 10s. 6d.] 

Trigonometry Made Plain. By G. P. RAWLINGS. Percival 
Marshall and Company, Limited, 23, Great Queen- 
street, Kingsway, London, W.C.2. [Price 5s.] 

A Manual of Specifications and Quantities for Civil 
Engineers. A Textbook for Students in Civil and 
Municipal Engineering. By A. JOHNSON and W. H. 
Kine. The English Universities Press, Limited, St. 
Paul’s House, Warwick-square, London, E.C.4. [Price 
25s. net.) 

The Electronic Theory of Acids and Bases. By PROFESSORS 
W. F. LuperR and SAVERIO ZUFFANTI. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 3 dols.) Chapman and Hall, 
Limited, 37, Essex-street, Strand, London W.C.2. 
[Price 18s. net.] 

Transactions of the Scottish Engineering Students’ Asso- 

ciation. Volume I. Session 1945-46. D. More, 

Honorary Secretary, Scottish Engineering Students’ 





for 10 to 20 ampere meters. 
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PERSONAL. 


Sir ALwyn Crow, C,.B.E., M.A., So.D., F.Inst.P., has 
been appointed Head of the Scientific and Technica) 
Services of the British Supply Office in Washington. Ye» 
will be responsible for maintaining liaison with the 
United States authorities or all scientific matters: (other 
than atomic energy) dealt with by the Ministry of Supply. 

Str CHARLES TENNYSON, C.M.G., secretary of the 
Dunlop Rubber Company, Limited, is to be a meinber of 
the Appointments Department, Advisory Council, which 
has just been formed to advise the Minister of Labour anq 
National Service onthe work of the Appointments lepart- 
ment of his Ministry. The Council’s first meeting is op 
Monday, November 11. 

THE Hon. R. M.- Preston, D.S.O., has been clected 
vice-president on the first Council of the newly-formed 
British Overseas Mining Association, 2 and 3, Crosby. 
square, London, E.C.3. Mr. A. CHESTER BEATTY and 
Mr. CurvE Cookson have been elected members of the 
Council. 

Mr. JOSEPH RAWLINSON, M.Eag., © M.Inst.C.k,, 
M.1.Mech.E., M.I.M. and Cy.E., has been appointed chief 
engineer to the London County Council in succession to 
Sir Peirson Frank. Mr. Rawlinson is at present city 
engineer and surveyor of the Westminster City Council. 

Mr. F. C. JOHANSEN, M.Sc. (Eng.), M.I.Mech.E., has 
been appointed Deputy Scientific Research Manager to 
the London Midland and Scottish Railway. 


Mr. L. B. ROBINSON has resigned his position as joint 
managing director of the Imperial Smelting Corporation, 
Limited, to take up the appointment, jointly with Mr. 
W. 8S. ROBINSON, of managing director of the Zinc Cor- 
poration, Limited. He has also been made managing 
director of New Broken-Hill Consolidated, Limited. 


Mason A. N. RosBinson, of Haywards Heath, Sussex, 
has been appointed to the Colonial Service as ar executive 
ergineer in the Public Works Department, the Gambia. 
Mr. G. A. BELL, of Darlington, has been appointed a pro- 
bationary executive engineer in the Public Works Depart- 
ment, Nigeria. 

Mr. C. H. P. EwBANK, chief engineer of Messrs. 
Edmundsons Electricity Corporation, Limited, and four 
of the departmental heads who have served under him, 
have retired to set up in business on their own account 
as Messrs. Ewbank and Partners, Limited, engineering 
consultants, 109, Jermyn-street, London, 8.W.1. For 
the time being, however, they will operate from 24, 
Gillingham-street, S.W.1. The partners are MR. T. E. 
Boorusy, formerly Edmundsons deputy chief engineer; 
Mr. D. E. Biren, electrical engineer; Mr. S. N. CHEW, 
project engineer; and Mr. W. Kitson, generation engi- 
neer. The new firm have signed an agreement with 
Edmundsons to do for them all that they have done in 
the past as officials of the Corporation. 

Mr. A. HEALEY, B.Sc., director of production, Dunlop 
Rubber Company, Limited, has been elected President 
of the Research Association of British Rubber Manufac- 
turers, in Buccession to SiR HAROLD HarRTLey, K.C.V.O. 

Mr. E. C. M. ReEtp, A.M. Inst.C.E., chief assistant to 
Messrs. Sileock and Simpson, chartered surveyors and 
civil engineers, 10, Park-row, Leeds, 1, has been taken 
into partnership by the firm. 


BRIGADIER R. J. O. Dowse, C.B.E., M.I.Mech.E., has 
been appointed Traffic Commissioner for the Metropolitan 
Area in succession to Sir HENRY PiGGorTT, C.B., C.B.E., 
who is retiring on December 31. 


Messrs. R. K. Dunpas, LrurreD, The Airport, Ports- 
mouth, announce that Compr. E. A. KiNG has left 
England by air to take up the post of general manager of 
R. K. Dundas (Eastern), Limited, Box 767, Bombay. 
Mr. King replaces Mr. H. F. Hicerns, who is no longer 
connected with the company. 

Messrs. A. W. RoEBUCK LIMITED, main  conces- 
sionaires of Specialloid Pistons, have moved from their 
former address at 194, Great Portland-street, to larger 
premises at 172, Great Portland-street, W.1. The tele- 
pnone numbeis remain unaltered as MUSeam 7155/6/7. 


FERODO, LIMITED, are opening new depots at Ferodo 
House, 84-90, Hanover-street, Edinburgh, and at Ferodo 
House, 67, St. Matthew-street, Ipswich, on December 2. 
Mr. W. S. Mowat, depot manager at Aberdeen for the 
past 23 years, has been appointed manager of the new 
depot at Edinburgh. The manager at Ipswich is to be 
Mr. E. ©. BERRY. Mr. Mowat has been succeeded at 
Aberdeen by Mr. W. H. WYSE. 

Messrs. MARSHALL RICHARDS MACHINE COMPANY, 
LIMITED, wire-drawing division of MESSRS. MARSHALL, 
Sons AND CoMPANY, LIMITED, Gainsborough, have taken 
over a two-acre factory at Crook, Co. Durham, which was 
officially opened on November 2. 

Messrs. A. C. WICKMAN, LimirED, Coventry, have 
established a new division of their organisation, namely, 
the ELECTRONICS DtvisiIon, following their appointment 
as sole world agents for MrEssRS. DIAPLASTICS LIMITED, 
Goldhawk-road, S.W.12. Mr. F. L. GLapwin, late of 
Messrs. Diaplastics Limited, is in charge of the new 





Division. 





Sco 
emplc 
returt 
being 
maint 
befor 
consu 
of mi 
main 
quali 
was ( 
but 
rang 
norm 
med 
proc 
thei 
tion 





1946, 


— 


Inst.P,, hag 
Technica) 
ngton, He 

With the 
ters (other 
of Supply, 
TY of the 
meinber of 
acil, Which 
abour and 
its } depart. 
ting is on 


Nn clected 
ly-formeq 
s Crosby- 
ATTY and 
rs of the 


Inst.C.k,. 
ited chief 
eesion to 
sent city 
Council, 
\.E., has 
nager to 


as joint 
Oration, 
vith Mr. 
ine Cor- 
anaging 
od. 
Sussex, 
kecutive 
3am bia, 
d a pro- 
Depart- 


Messrs. 
nd four 
er him, 
account 
neering 
|. For 
2m 24, 
. T. E. 
yineer ; 
CHEW, 

h engi- 
tL with 

one in 


junlop 
sident 
nufac- 
.V.0. 
int to 
3 and 
taken 


, has 
litan 
3.E., 


orts- 

left 
er of 
bay. 
nger 


ICeES- 
‘heir 
rger 
tele- 
/7. 
‘odo 
odo 
r 2. 
the 
1eW 
be 
at 


ve 
ly, 
nt 
D, 
of 
Ww 





ENGINEERING, 


443 





Nov. 8, 1946, 





NOTES FROM THE NORTH. 
GLascow, Wedtesday. 


Scottish Steel.—Most of the bricklayers who left their 
employment at the beginning of September have now 
returned to the steelworks, and an energetic attempt is 
being made to overtake the heavy arrears of furhace 
maintenance and repairs. It will be a considerable time 
before full normal steel] production can be restored, and 
consumers may have to put up with an acute shortage 
of many types of steel products for some months. The 
main problem, apparently, is to secure the range of 
quality steel which users require. The past two months 
was covered only by rolling of cold-steel ingots from stock, 
but stocks naturally do not possess the flexibility or 
range of quality which the steel consumer demands in 
normal circumstances. There is a severe shortage of 
medium plates, and re-rollers have great difficulty in 
procuring mild steel semies in sufficient quantity to meet 
their programmes of work. The Board of Trade alloca- 
tions of billets to re-rollers are believed to be equivalent 
to only one week’s work in the quarter, but the use of 
scrap and discard materials is helping the export trade 
of re-rollers materially. This type of product is not 
wanted in the home market, and the Board of Trade 
has decided to continue permission to roll this material 
for the overseas markets. Delivery dates forship plates 
and boiler plates have had te be extended owing to the 
curtailment of output occasioned by the bricklayers’ 
strike, but Scottish steelmakers have given special 
attention to maintaiping supplies to the yards and 
engineering shops so that construction has suffered only 
the minimuni of delay. Steel scrap is scarcer, a shortage 
of labour in merchants’ yards slowing down the dismant- 
ling and segregation of scrap. Pig-iron production has 
been maintained from 11 furnaces. 


Scottish Coal.—The output figures for Scotland have 
shown & moderate improvement during the past two 
or three weeks, which has enabled the collieries to keep 
abreast of their programme satisfactorily. The biggest 
increase in consumption was from electric power stations, 
which are now using nearly 50,000 tons weekly. Despite 
the heavy claims of the public-utility undertakings, 
industrial consumers have succeeded in getting enough 
fuel to cover current requirements and, in most cases, 
to add a little to reserve. The stocks posifion of industry 
is, however, the most difficult problem the Control has 
to face at present. If stocks can be maintained at their 
present levels until the end of December, the critical 
time between January and the end of March might be 
bridged without interruption of industrial activity. 
House-coal users are still getting their normal allocations, 
and most of them would appear to be holding on to 
their reserves of solid fuel, as the consumption of elec- 
tricity has risen steeply since the colder weather com- 
meneed. The Ministry had given merchants a stock 
figure, which had to be reached by November 2, and 
from inquiries made it appears that the majority of the 
merchants have been able to attain this notwithstanding 
the shortage of coal prevailing throughout the summer 
and autumn. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—A greater production of pig-iron is 
being fully taken up. Finished iron is active, the demand 
for South-Yorkshire bar iron being particularly extensive. 
Basic-steel production, although at a high level, barely 
meets requiremerts. The demand for high-carbon 
steels is increasing and the make of sheets and bars in 
this material is inadequate. Stainless steel is also very 
active, and a large proportion is going abroad now that 
there is little foreign competition, except from Sweden. 
High-grade alloy steels for the engineering industry are 
in consistently heavy demand, both on home and overseas 
account. Railway materials are in strong request, a 
proportion of the production being’on export account. 
Wagon builders and repairers are busily employed, but 
need more skilled men to enable them to deal with the 
demand. Progress is being made with the aumerous 
orders which are being received by the tool factories. 
Manufacturers in the lighter trades have found it expe- 
dient, in some cases, to institute a production bonus to 
stimulate output to something like the level of demand 
and to enable them to overtake arrears of delivery. 


South Yorkshire Coal Trade.—The Doncaster races 
accounted for increased absenteeism at pits; It is 
urged by the Yorkshire miners’ president, Mr. J. A. Hall, 
that Yorkshire output could be increased by 50,000 tons 
a week if miners worked the full seven-hours’ shift 
instead of finishing after five or six hours.» Deliveries 
to industrial users are fairly satisfactory, and although 
stocks are low, there have been no stoppages owing to 
lack of coal. More coking coal is needed to enable coke- 
makers to increase their output to the desired level. 
Coke stocks are lower than a year ago. Gas coal is in 
very urgent demand. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Welsh Coal Trade.—Prospects of the coal-export 
trade to France, which, in normal times, is one of South 
Wales’s largest customers, have been under consideration 
during the past week and have not been found to be 
bright for an early resumption of trading. A French 
commercial delegation to the district were entertained to 
dinner by the Cardiff Chamber of Commerce, when 
Frapnoe’s desperate industrial need for coal and South 
Wales’s inability to supply it were both emphasised. 
Mr. H. T. Norton, chairman of the South Wales Coal 
Exporters’ Association, said he feared that it would be a 
long time before theie could be a return to 1937 condi- 
tions, when South Wales sent 6,000,000 tons of coal to 
France annually. A strike by "bus workers resulted 
in the first drop for four weeks in the Welsh coal output 
during the seven days ended October 19. At 480,288 
tons, the production was 11,832 tons lower than in the 
previous week, while in the subsequent week it was feared 
that official figures would show an even greater decline, 
due to the spread of the ’bus strike. The strike, which 
was unofficial, has now been settled. Supplies of all 
descriptions have been extremely scarce on the Welsh 
steam-coal market during the past week. The demand 
on home account has been briskly maintained, and sales- 
men have had great difficulty in handling new business, 
particularly for early delivery. The railways and public- 
utility concerns hold substantial orders while the indus- 
trial and domestic demand was at its peak. Hardly any 
export business was possible, as the only supplies avail- 
able were limited quantities of the very lowest grades, 
which were being sent to Eire. Some coke breeze was 
sent to Sweden, Denmark and Switzerland. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—There is little possibility of the 
acceptance of new business. In most branches of the 
iron and steel industry producers are overwhelmed with 
orders and their commitments prohibit further sales, 
except for supply over periods considerably ahead. 
Makers are disinclined to entertain customers’ offers of 
contracts, even for distant delivery dates, and prospects 
of a resumption of market activity are remote. The 
demand for larger quantities of material purchased a 
short time ago is intense, but the plants in operation 
cannot turn out sufficient tonnage to cope with urgent 
requirements and arrears of deliveries are increasing. 
Priority claims for commodities for essential home 
purposes are so heavy that very little tonnage can be 
spared for shipment overseas. Scrap is plentiful, and 
the free use of cast iron, machinery metal and good steel 
scrap at foundries and furnaces is enabling pig-iron 
makers to supply current needs fairly satisfactorily. 
The demand for semi-finished and finished products is 
increasing in intensity. 

Foundry and Basic Iron.—Makers of light castings 
have extensive programmes to carry out, and could 
bandle more foundry pig iron than is obtainable. Nearly 
all the high-phosphorus pig now passing into use at 
North-East Coast works is from the Midlands. Most of 
the 26 blast-furnaces in operation on Tees-side are running 
on basic iron and the whole output is promptly absorbed 
by the local steel-producing plants. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron firms have good orders and are keeping 
pace with their delivery obligations, but the heavy 
output of steel is much below the demand. Steelsemies 
are still wanted in much greater quantities than are 
available and larger outputs or greatly increased imports 
of overseas products are necessary to meet the heavy 
requirements of the re-rolling mills. There is an acnte 
scarcity of sheet bars and stee! billets, and short deliveries 
of finished products are hampering the production of 
commodities whieh are urgently needed ; drastic curtail- 
ment in the allocations of constructional steel have 
become unavoidable. The outputs of black and gal- 
vanised sheets over the next six months are fully sold, 
and producers of plates and angles are unable to mect 
the increasing requirements of the shipyards. 





BRITISH EUROPEAN AIRWAYS: ERRATUM.—We regret 
that, in a paragraph which appeared on page 417 of our 
last week’s issue, the address of the British European 
Airways Corporation was given incorrectly. The correct 
address is 16, Upper Grosvenor-street, London, W.1. 





“ BrrraIn CAN MAKE It” Exureitron.—The Council 
of Industrial Design announce that the “ Britain Can 
Make It ” Exhibition will remain open at the Victoria 
and Albert Museum, South Kensington, 8.W.7, until 
December 31, and will then be dismantled. After careful 
consideration, the Council have come to the conclusica 
that ‘the technical difficulties and costs of dismantling 
and re-erecting the exhibition in Scotland or elsewhere 
are too great to be entertained. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


INSTITUTE OF TRANSPORT.—Monday, November 11, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. * Regulation of Goods Motor 
Transport in the United States,” by Dr. Gilbert Walker. 

InstrrvoTiIon oF ELzcrRicaL ENGINEERS.—North- 
Eastern Centre: Monday, November 11, 6.15 p.m., 
Neville Hall, Newcastle-upon-Tyne. “ Engineering 
Principles Applied to the Design of Domestic Water- 
Heating Installations,” by Messrs. R. Grierson and 
Forbes Jackson. Also at the Scoftish Centre: Tuesday, 
November 12, 6.15 p.m.. Royal Technical College, Glas- 
gow. North-Midland Installations Group: Tuesday, 
November 12, 6 p.m., Corporation Eleetricity Depart- 
ment, Whitehall-road, Leeds. “ Electrical Control of 
Dangerous Machinery and Processes,” by Mr. W. Ford- 
ham Cooper. Also at Installations Section: Thursday, 
November 14, 5.30 p.m., Victoria-embankment, W.C.2. 

JUNIOR INSTITUTION OF ENGINEERS.—North-Western 
Section; Monday, November 11, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘ Modern Factory Lighting,” 
by Mr. J. W. Howell.. Institution: Friday, November 15, 
6.30 p.m./ 39, Victoria-street, S.W.1. Annual Meeting. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch: Monday, November 11, 7.30 p.m., Royal Vic- 
toria Station Hotel, Sheffield. “ Examination of Steel 
Castings by X-Rays,” by Dr. R. Jackson. 

INSTITUTION OF Crvi. ENGINEERS.—Tuesday, Novem- 
ber 12, 5.30 p.m., Great George-street. S.W.1. “‘ Sub- 
Soil Drainage with Reference to Road Engineering,” by 
Mr. Rudolph Glossop. South Wales and Monmouthshire 
Association: Tuesday, November 12, 6 p.m., South 
Wales Institute of Engineers, Park-place, Cardiff. ‘‘ The 
Port of Cardiff, 1830-1946,” by Lieut.-Col. R. H. Edwards. 
Birmingham Association: ‘Thursday, November 14, 
6 p.m., James Watt Institute, Birmingham. “Severn 
Barrage Scheme,” by Mr. B. D. Richards. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem- 
ber 12, 5.30 p.m., 85, The Minories, E.C.3. ‘‘ Resistance 
Welding in Engineering,” by Mr. S. Hunter Gordon. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Coventry 
Centre: Tuesday, November 12, 7 p.m., Geisha Café, 
Hertford-street, Coventry. “ Design of Braking Sys- 
tems,” by Mr. F. A. S. Acres. Also at Leeds Centre: 
Wednesday, November 13, 7.30 p.m., The University, 
Leeds. Derby Centre: Thursday, November 14, 7 p.m., 
School of Arts, Green-lane, Derby. ‘‘ Low-Temperature 
Starting of Petro] and Compression-Ignition Engines,” 
by Mr. R. Barrington. Western Centre: Thursday, No- 
vember 14, 7.30 p.m., Grand Hotel, Bristel. Brains Trust. 

INSTITUTION OF PRODUCTION ENGINEERS.—W olver- 
hampton Section: Tuesday, November 12, 7 p.m., 
Dudley and Staffordshire Technical College, Dudley. 
“Submerged Are Welding,” by Mr. R. R. Sillifant. 
Manchester Section: Wednesday, November 13, 7.15 p.m., 
College of Technology, Manchester. Discussion on 
“Machine Tool Users’ Difficulties.” London Section : 
Thursday, November 14, 6.30 p.m., Institution of Mech- 
anical Engineers, Storey’s-gate, 8S.W.1. * Rolling 
Bearing Technique,” by Mr. R. K. Allan. 

IRON AND STEEL INSTITUTE.—Wednesday, Novem- 
ber 13. 10 a.m., 2.30 p.m., 8 p.m.; and Thursday, 
November 14, 9.30 a.m. and 2.30 p.m., Institution of 
Civil Engineers, Great George-street, S.W.1. Autumn 
Meeting. For programme, see page 370, ante. 

Royal Unrrep SERVICE INSTITUTION.—Wednesday, 
November 13, 3. p.m., Whitehall, S.W.1. “The Radio 
War,” by Air Vice-Marshal E. B. Addison. 

NEWCOMEN SocreTy.—Wednesday, November 13, 
5.30 p.m., Institution of Mc chanical Engineers, Storey’s- 
gate, S.W.1. Annual Meeting. ‘“ Nicholas Wood’s MS. 
Report Book,” by Mr. E. W. Swan. “ Richard Roberts. 
His Life and Inventions,” by Dr. H. W. Dickinson. 

RoyaL AERONAUTICAL SocreTy.—Thursday, Novem- 
ber 14, 11 a.m., 2.30 and 5 p.m., Institution of Civil Engi- 
neers, Great George-street, S.W.1.. “ Engineering Pro- 
blems of Future Aircraft.” For programme, see page 389, 
ante. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 14, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“Creep Investigated by Plastic Models,” by Professor 
A. D. Ross. 

DIESEL ENGINE USERS ASSOCIATION.—Friday, Novem- 
ber 15, 2.30 p.m., Caxton Hall, Victoria-street, S.W.1. 
Discussion on “‘ Operating Problems.” 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
November 15, 5.30 p.m., Storey’s-gate, S.W.1. Thomas 
Hawksley Lecture on “ Research and Development 


Applied to Bomb Disposal,” by Dr. H. J. Gough, F.R.S. 

Nortu-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 15, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. “‘ Application of the Re- 
heat Steam Cycle to Marine Propulsion,” by Mr. A. W. 
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45 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMprte Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 


Manager. 


Accounts are payable to ““ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


The price per copy of “ENGINEERING” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. At the same time, the 
edition printed on thin paper for foreign circu- 
lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 

Twelve months, including postage, for the 


United Kingdom and abroad £4 10s. 0d. 


and pro rata for six or three months. 
Canada, for twelve months, £4 5s. 0d. 


All current subscription orders will be com- 
pleted at the old rates. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide, Serial ad- 
vertisements will be inserted with all practicable regu- 
ae but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up-to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24e. per inch. 
If use is made of @ box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counte for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week's issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The will not hold themselves msible 


Proprietors 
for advertisers’ blocks left in their possession for more 
than two years. 
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THE COST OF 
HEAVY WORKS SHUNTING. 


THE economic handling of material has been 
recognised for a long time as a most important part 
of works organisation. It is doubtful, however, 
whether as much attention has been paid to the 
shunting of materials outside the shops or installa- 
tions as within doors. In the heavy industries, the 
movement of materials in bulk between the main- 
line railway sidings and the various departments 
may represent the largest proportion of the overall 
cost of material handling, and the aggregate coal 
consumption of works shunting locomotives must 
amount to a very large quantity. At the recent 
Conference on ‘‘ Fuel and the Future,” convened by 
the Ministry of Fuel and Power, a session was 
devoted to the subject of shunting locomotives, 
and it was estimated by one contributor that, in 
collieries alone, the total consumption by shunting 
locomotives amounts to 400,000 tons of large saleable 
coal per annum, or 0-2 per cent. of the total coal 
production of the country. It is understandable, 
therefore, that the subject should have been thought 
worthy of a special session at that Conference. 

The eight short papers presented were divided 
between manufacturers and users of shunting loco- 
motives and the claims of the internal-combustion 
type of locomotive in respect of fuel saving were, 
of course, adequately put forward. It was evident, 
however, from the users’ papers, that the heavier 
industries, such as coal and iron and steel, still use 
steam locomotives almost exclusively. The reason 
is twofold: for Diesel locomotives of the larger 
sizes, above 250 h.p., the capital cost considerably 
exceeds that of the equivalent steam locomotive, 
while their duties, particularly in the case of iron 
and steel works, ate of such severity that some doubt 
is felt whether Diesel locomotives of restricted size 
could perform them without excessive maintenance 
difficulties. As is well known, the principal users 
of large Diesel-electric shunting locomotives in this 
country are the L.M.S. Railway, whose experience 





has been very fully described in several papers by 
the late Mr. C. E. Fairburn, and the information 
already available was supplemented in one of the 
34 | Conference papers. In a recent check of fuel con- 
sumption, the steam shunting locomotive consumed 
112 tons of coal per 1,000 hours (a figure which 
agrees fairly well with an estimate, in another 
paper, of about two cwt. per hour for the coal con- 
sumption of locomotives in steelworks, The Diesel- 
electric locomotives took 2,060 gallons of oil per 
1,000 hours, so that the relative consumption of the 
steam locomotive was 14 to 1 in terms of weight, 
8 to 1 in terms of British Thermal Unite, and 
between 2 and 3 to 1 in terms of cost. This paper 
confirmed that, with a soundly established main- 
tenance system, an overall saving is attainable on 
railway shunting-yard duties, though Mr. Hoseason’s 
recent comparison of maintenance costs (Diesel costs 
one-third of steam costs) was found to be too favour- 
able to the Diesel locomotive, at any rate where a 
small number of Diesel locomotives operate among 
steam locomotives. To this must be added that 
it was made clear in other papers that the factors 
which had enabled the L.M.S. Railway’s saving to 
be realised—duties well within the maximum 
rating of the engine, strict adherence to a regular 
maintenance schedule, and the reduction of the 
number of locomotives employed in proportion to 


451 the increased availability—might be more difficult 


to ensure if the shunting duties in heavy industry 
were turned over to Diesel-electric locomotives. 
It was not difficult, however, particularly from 


3/the papers on colliery and iron and steel works 


shunting, to deduce that the general economy of out- 
door material handling has not been studied to the 
extent of yielding anything like the savings that are 
possible, quite apart from the actual types of loco- 
motive used. The gradual growth of old works is the 
principal reason, though this presents no real obstacle 
to a review of the whole subject and possibly, in some 
cases, the attainment, by rearrangement of track 
layout and the installation in suitable places of 
material-handling equipment of other types, of a 
large measure of these savings in such works. Like 
the problem of changing to a more expensive type 
of locomotive, this involves a careful balancing of 
capital cost against operating cost, and should cer- 
tainly precede any decision to change the type of 
locomotive employed, both because it may yield 
bigger savings, and because it may be necessary in 
order to take advantage of the higher availability 
of the internal-combustion type of locomotive. 

It was of considerable interest to note that two 
of the users’ papers advocated the electrification of 
works railway systems. A cement firm electrified 
their quarry lines on a third-rail system, and 
obtained comparative costs for three electric loco- 
motives, each driven by two 47-h.p. 250-volt direct- 
current motors, and a 0-6-0 steam locomotive, doing 
identical journeys in the same quarry. For every 
1001. total cost of the steam locomotive, driver’s 
wages amounted to 57-5l., fuel 25/. and repairs 
17-51. For the electric locomotives, the fuel cost 
was 19-31. and repairs 13-51. In iron and steel 
works, the possible fuel saving could be greater if 
maximum use were made of the waste heat available 
for generating power. It is, indeed, somewhat 
remarkable that more use is not made of electrifica- 
tion for works railways where power is generated 
in the works. One of the papérs at the Conference 
gave detailed particulars of the performance of steam 
accumulator locomotives at an electricity generating 
station. It might have been thought that the con- 
ditions which favoured this type of locomotive—a 
short run, regularly repeated—would have been 
ideal for an electric locomotive, and, though steam 
is also a local product, it is reduced at charging 
from a pressure of 600 lb. per square inch to 160 lb. 
per square inch. The difficulties associated with the 
transmission of electric current to works locomotives 
would be acute in a steelworks, because of the amount 
of scrap metal falling about and the ubiquitous use 
of. transportable cranes. It was stated, however, 
that there had been no accident for 17 years at the 
electrified cement-works quarry and that an over- 
head trolley wire had been successfully installed at 
@ quarry in Germany with the trolley wire well to 
the side of the track to allow freedom of.movement 
to excavators. Electric locomotives are being 
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increasingly used for special duties in connection 
with coke ovens, blast-furnace bunkers, etc. 

Where miscellaneous shunting duties are con- 
cerned, planning of this sort is obviously far more 
difficult, but elementary faults can multiply costs 
enormously. For instance, materials subject to 
deterioration are often of necessity shunted into 
dead-end sidings. If stocks are ordered inter- 
mittently, a large number of trucks of such material 
may suddenly fill the sidings, and the job of extract- 
ing the oldest material for use first may entail hours 
of work that would be avoided if the sidings could 
be approached from both ends, or deliveries arranged 
at regular intervals. Again, in many works trains 
must be divided in order to pass a single dead-end 
length of track, which constitutes the only link 
between one portion of the works and another. 
Another source of lost hours and fuel is the inability 
of the works locomotive to deal with a full rake of 
wagons in the main-line sidings. A factor which 
might prevent the increased availability of Diesel 
locomotives from being translated into increased 
work is often to be found in a large works, where 
it may be necessary to have two locomotives to 
handle the traffic between the main line and a parti- 
cular department, or between two departments, 
because the layout of tracks prevents either engine 
from running round the rakes of wagons without 
endless delays. These are the circumstances which 
offer scope for considerable savings: 

A piece of information that attracted considerable 
attention at the session was that Diesel locomotives 
with mechanical transmission are being built in this 
country to-day, developing 500 h.p. and over 
35,000 Ib. tractive effort, with a weight of 50 tons 
on a 9-ft. wheelbase. The late Mr. Fairburn’s 
conclusion was that, for powers of this order, electric 
transmission is desirable, but it is well known that 
considerable progress has been made in recent years 
in mechanical transmissions; in conjunction, for 
instance, with heavy armoured fighting vehicles. 
It will be of interest to watch developments in this 
direction. The claim is made that it is possible to 
install an engine of considerably greater horse-power 
in a locomotive of the same weight with mechanical 
transmission, and such locomotives are being built 
in which gear changes are carried out automatically. 

Two of the papers at the Conference were devoted 
to the steam accumulator or fireless steam loco- 
motive, there being one by @ representative of one of 
the makers of this type of locomotive, as well as the 
paper, already referred to, giving an account of the 
performance of one of these machines at a power 
station. The attraction of this type of locomotive is 
twofold: its very low cost of maintenance and the 
absence of smoke and sparks. The makers state that 
no steam receiver has ever had to be replaced on 
locomotives of this type built by them, and the user 
reported that of the three locomotives in use, one 
acquired in 1926 had not been completely overhauled 
until this year, at a cost of 195/., while the others, 
bought in 1943 and 1945, respectively, had incurred 
no maintenance costs whatever. It is perhaps 
rather surprising that the receiver pressures of these 
locomotives are usually comparatively low, the three 
locomotives mentioned taking steam at 160 Ib. per 
square inch and working down to 50 lb. per square 
inch. The receiver is first charged with water to 
50-60 per cent. capacity, and this evaporates as the 
pressure falls and with it the boiling point. In drop- 
ping from 300 lb. per square inch to 160 lb. per square 
inch, the amount of steam per pound of water follows 
@ straight-line law, but it increases more rapidly 
below 160 Ib. per square inch. However, fireless loco- 
motives with considerably higher have 
recently been built ; the largest built in this country 
(1942) had a receiver pressure of 260 Ib. per square 
inch, throttled to 140 Ib. per square inch for the steam 
chest. Such locomotives form a useful alternative 
to the small electric locomotive for short repetition 
duties where electricity is not available. 

Reference was made, also, to the steps that are 
being taken to convert many main-line steam loco- 
motives to burn oil fuel instead of coal, and a warning 
was sounded against the extensive application of oil 
burning to works shunting locomotives. With 
their small fireboxes, it would be difficult to obtain 
efficient combustion with oil firing, and rapid 
deterioration of the fireboxes might easily result. 





ELECTRICITY SUPPLY FOR 
ELECTRIC WELDING. 


Mvcz information has been published dealing with 
the design of electric-welding plant, with its practical 
applications, and with the testing of the welds pro- 
duced. Electric welding in its various forms has now 
become an everyday workshop tool, and in many 
cases represents an important load on a supply 
system, but the nature of this load, as it affects the 
supply authority has not been given any great 
amount of attention in technical literature. Both 
resistance- and arc-welding are basically unsatis- 
factory loads, as they associate intermittent high 
peak demands with low power factor. The voltage 
drop caused, if not compensated for in some way, 
may result in voltage variations on a system, or 
part of a system, which are not only an embarrass- 
ment to other users but may be legally inadmissible. 
In very general terms, it is probably correct to say 
that important installations of resistance-welding 
machines will be concentrated in one or more work- 
shops and that the installation of a special motor- 
generator for serving them will be both convenient 
and economical. This is the ideal method from the 
point of view of the supply authority, but other 
procedures are possible, such, for instance, as the 
use of condensers. 

In practice, arc-welding machines may present a 
problem less easily dealt with. This is not because 
the electrical characteristics of arc welding are 
necessarily more difficult than those of resistance 
welding, but because the actual machines may be 
more widely scattered. Are welding is continuously 
increasing its range of application in structural 
engineering and shipbuilding. In the latter case, 
conditions may justify the installation of a central 
source of supply, such as a large direct-current 
generator for a shipbuilding berth, the imdividual 
welding machines being fed from a special wiring 
system furnished with distribution boxes. In an 
actual example of the use of this system in a British 
shipyard, a high-voltage alternating-current motor 
drives two 250-kW direct-current generators. A 
single-operator welding kit may take a current of 
from 200 amperes to 500 amperes and a 250-kW 
machine produces 4,200 amperes at 60 volts, but, 
owing to the diversity factor, it is found that a 
machine of this size can satisfactorily supply about 
100 operators. This system, entirely satisfactory 
from the point of view of the supply authority, is not 
likely to be installed for a structural-engineering job, 
unless welding operations are to be carried out on a 
very extensive scale. 

Towards the end of the year 1944, the British 
Electrical and Allied Industries Research Associa- 
tion published a report summarising the available 
information on the subject of electricity supply for 
resistance-welding machines.* This has now been 
followed by a corresponding document on the subject 
of arc welding.t The subject, necessarily, divides 
itself under the two main headings of direct-current 
welding and alternating-current welding as, in dis- 
tinction from resistance welding, direct-current is 
still used to a considerable extent for are work. This 
division is, however, of interest to the designer and 
operator rather than to the supply authority. By 
far the greater number of distribution systems are 
now of the alternating-current type and it has been 
announced that the remaining direct-current systems 
are to be eliminated as soon as possible. From the 
point of view of supply authorities the main interest 
in connection with direct-current welding is whether 
the generators are driven by oil engines or by electric 
motors supplied from the mains. In this latter case, 
the, question of low power factor may arise if a 
welding generator operating with a highly-variable 
load is driven by an induction motor. As the busi- 
ness of a supply authority is to sell current, from its 
point of view the operation of welding plant from 
self-contained engine sets is not attractive, but it 
may well be the most suitable method for a struc- 
tural-engineering job. In a shipyard, where the 
installation is likely to be of a more permanent 





* See ENGINEERING, vol. 159, page 44 (1945). 

+t Electricity Supply for Arc-Welding Plant. By R. 
NEUMANN, A.M.I.Mech.E. The British Electrical and 
Allied Industries Research Association, 15, Savoy-street, 
London, W.C.2. [Price 5s. 6d. net.] 





nature, some arrangement in which space is not 
occupied by such units may prove more satisfactory, 

The fundamental feature of the arc is that it has 
& negative-resistance characteristic ; as the current 
increases the resistance per unit volume of aro 
decreases. As a result, for stable working a dropping 
volt-ampere characteristic of the current supply ig 
required. If power is taken from a constant-voltage 
supply, this may be obtained for direct-current work 
through the intermediary of a drooping-characterig. 
tic welding generator, or individual series resistors 
may be used in connection with the machines. Alter. 
nating-current welders operated from a constant. 
voltage supply, may be fed through high-reactance 
transformers, or transformers with series reactors, 
Special drooping-characteristic generators are used 
to a large extent for direct-current welding, and it ig 
mainly by alternating-current welding that supply 
authorities are affected. A 200-ampere welding 
transformer giving 70 volts on the secondary on 
open circuit and with a reactor in series with the arc, 
dropping the voltage to about 30 when the arc is 
burning, will have an active component of the load 
of 6 kW and an apparent load of 14 kVA, giving 
a power factor of 0-43. In general, the uncorrected 
power factor of a welding load will be between 
0-50 and 0-35. Improvement may be obtained 
by using capacitors, either in connection with 
individual welders or for the whole circuit from 
which the welders are supplied. For this latter 
purpose, synchronous condensers may be installed 
in @ power station or substation. 

The terms “utility welders” and “industrial 
welders”’ have been introduced in America. The 
latter are those used for high-quality, high-speed, 
work; normally they will be installed in large 
workshops and special arrangements can be made 
for their current supply. Utility welders are of the 
type used in small shops for repair work and will 
usually be connected directly to the mains. It is 
stated in the report that the periodic voltage 
fluctuations apparent on oscillograms of a burning 
alternating-current arc do notinterfere with other cus- 
tomers connected to the same mains as the welder, 
as the fluctuations are smoothed out by the welding 
transformer. The intermittent voltage changes 
induced by striking and breaking the arc may, 
however, cause inconvenience. These occur about 
every two minutes, which is the usual life of an 
electrode used in manual welding. This effect 
may be particularly disturbing on rural supply 
systems, especially when the welder is installed 
near the extremity of a distribution line. The use 
of utility welders in small workshops and garages 
in rural areas, however, is likely to extend. The 
matter is less serious than might otherwise be the 
case, from the fact that welding is seldom done for 
very long during lighting periods. Nevertheless, 
a Swiss record shows voltage fluctuations of from 
1 to 6 per cent. on rural systems. It is considered 
that 3 per cent. represents a maximum which, if 
possible, should not be exceeded. Installations of 
this kind, if multiplied to any important extent, 
may upset the balance of a three-phase system, as 
the connection of the various welders to different 
phases may be a council of perfection in rural areas. 

The report reviews the whole of the field with 
which it is concerned in detail, which it is not possible 
to deal with in a general notice, but reference may 
be made to two systems of supply of recent date 
which are not yet in extensive use. The first 
employs mercury-are rectifiers for feeding direct- 
current welding plant from an alternating-current 
supply. The arrangement has a comparatively 
high efficiency at fractional loads. In the second 
system, high-frequency alternators are used. It is 
claimed that with these the magnetic blow of the 
arc is entirely eliminated. Magnetic blow is mainly 
experienced with high-current direct-current welding 
but is occasionally observed with alternating- 
current welding at normal frequencies. The striking 
and holding of the arc is said to be considerably 
easier than with standard frequencies as there is 
less time for cooling off. The time interval during 
which the’ current is less than one-half its peak 
value, which is 0-6033 second on 50 cycles, is 
0-00068 second on 275 cycles. The high-frequency 
alternators may be either of the synchronous- 
induction or inductor type. 
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of little more than the searchlights and the ship’s| will be, of course, a consequent reduction in the 
NOTES. lighting circuits, but there is no department of a| consumption of coal. The company sent officers 


Tue InstrrvuTion oF Crvi ENGINEERS. 


THE presidential address of Sir William Halcrow 
to the Institution of Civil Engineers, delivered at a 
meeting held in London on Tuesday, November 5, 
departed somewhat from precedent in that Sir 
William said nothing at all about the particular 
branch of civil engineering to which his professional 
life has been devoted, but took the opportunity to 
review the work of the Institution over a period of 
years and to comment upon certain features of its 
progress during that period. In particular, he 
contested any impression which might exist that 
the Institution did not advance with the times and 
that its affairs were “managed by a number of 
benevolent elderly gentlemen whose policy year by 
year was that of laissez-faire.” One subject which 
had frequently engaged the attention of the Council, 
he said, had been the great need for the engineering 
profession to speak with one voice when important 
matters were at stake, especially when the Govern- 
ment were concerned; and possibly the greatest 
obstacle to the presentation of the views of the 
profession as a whole was the large number of 
existing institutions. The effect was to increase 
the number of voices, to the detriment of unity and 
concerted action, when the wiser and more effective 
policy would have been to reduce them. To endea- 
vour to check further growth in the number of 
engineering institutions, the Council had set up a 
number of Engineering Divisions—dealing with 
Road Engineering, Railway Engineering, Works 
Construction, etc.—each conducted by a Divisional 
Board. Efforts had been made to bring about the 
amalgamation of some of the smaller institutions, 
but without success. The Engineering Joint Council 
which was formed in 1922 was still in being, with a 
membership of the four founder bodies and three 
co-opted societies. Its duty was to consider any 
matter which might be put before it by a constituent 
institution and to advise on any action to be taken ; 
but the Council, being an advisory body with no 
executive powers, was hampered by the limitation 
of its capacity to initiate proposals—though, Sir 
William pointed out, this limitation was inevitable 
because “it would be ultra vires for any Council 
under obligation ‘to the Corporate Members who 
elect them to manage the affairs of the Institution in 
question, to delegate their powers to a composite 
body for the purpose of dealing with matters of 
general policy.” In the past six years, Sir William 
continued, a much closer co-operation had been 
developed between the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, and the 
Institution of Electrical Engineers—a group com- 
prising about 40,000 qualified professional engineers 
and about half as many again of student engineers 
in various stages of preparation for the engineering 
profession ; the Presidents of the three institutions 
met from time to time and discussed matters of 
common policy, and it had been found that, in this 
way, “decisions can be reached and action taken 
with great promptitude and with that authority 
which is associated with the three heads of these 
leading engineering societies.” It was as an out- 
come of this association that, on the initiative of 
the Council of the Institution of Civil Engineers, 
invitations were sent to the leading engineering 
societies of the British Commonwealth to send repre- 
sentatives to a conference in London, to discuss com- 
mon problems relating to the co-ordination of effort. 
The Conference was a great success and resolutions 
were carried adopting, inter alia, proposals for the 
joint discussion and publication of papers, the co- 
ordination of abstracting services, the extension of 
public relations and publicity activities, privileges 
to be afforded to members of constituent institu- 
tions, and greater uniformity in, and co-ordination 
of, the standards of education and training. 


Tue ExvecrricaL Branch or THE Royat Navy. 

For many years, the system by which responsi- 
bility is allocated for the electrical services in war- 
ships of the Royal Navy has been becoming steadily 
more anachronistic. The electrical equipment in 
& ship, when the present system originated, consisted 








ship’s economy which is not now brought into close 
contact with electrical gear, and some of them are 
almost wholly dependent upon its efficient main- 
tenance and correct functioning. It has been 
decided, therefore, as announced in the House of 
Commons on October 23, to form a new Electrical 
Branch of the Royal Navy, which will be responsible 
for all electrical and radio-engineering matters in 
the Fleet. It will be known as the “L” Branch 
and its officers will be specially trained electrical 
engineers. Immediate requirements have been met, 
it is stated, by transferring suitable officers from 
other branches and from among the temporary 
officers who are qualified. Future officers will be 
recruited from young men, between the ages of 17 
and 19 on September 1 in each year, who have 
obtained a Higher School Certificate of one of the 
recognised university Examination Boards, with 
mathematics and physics as main subjects. Candi- 
dates who are selected will be trained for a year as 
Naval Cadets (L) and then will receive three years’ 
advanced technical training to the standard of an 
honours degree. For the present, this training will 
be at Cambridge University, where the candidates 
will live under the same conditions as other under- 
graduates, and will wear civilian clothing. After 
obtaining their degrees, they will undergo a further 
two years’ training in the Navy and in the works of 
electrical engineering firms. Their subsequent pro- 
motion will depend on their aptitude and the way 
will be open to the highest ranks in a technical 
branch of the Navy. Officers of the (L) Branch 
will wear green distinction stripes on the cuff in 
conjunction with the gold stripes denoting their 
rank. Forms of application to enter as cadets in 
the new Branch are obtainable from the Admiralty, 
C.W. Branch, London, 8.W.1. The announcement 
adds that details regarding the recruitment of rat- 
ings into the Electrical Branch, and the distin- 

ishi badges that they will wear, will be 
published later. 


SouTHERN RatmLway DEVELOPMENTS. 


Steam locomotives will be eliminated from all 
lines of the Southern Railway Company east of 
Portsmouth when improvements which were an- 
nounced by the General Manager, Sir Eustace 
Missenden, on October 31, are completed. The 
Board have approved the expenditure of 15,000,000/. 
to extend electrification on certain lines and adopt 
Diesel-electric traction on all remaining lines east 
of Portsmouth; and it is hoped that, notwith- 
standing the effects of the shortage of labour and 
materials and possible nationalisation, the whole 
of the work will be completed by 1955. The 
Southern Railway owns 2,156 route miles of track, 
of which 714 miles are already electrified, making 
it the largest electric suburban service in the world. 
The total length of electrified single track is 1,777 
miles, and 55 per cent. of the total train mileage is 
at present worked electrically, the remaining 45 per 
cent. being operated by steam. It is now proposed 
to electrify a further 284 route miles (610 miles of 
single track), which will include the main lines to 
the Kentish coast and secondary routes to Brighton. 
Details of these routes are: Gillingham to Margate 
and Ramsgate, with the secondary line from 
Faversham via Canterbury to Dover; Sevenoaks 
via Tonbridge and Ashford to Folkestone, Dover, 
Deal, Sandwich and Ramsgate, with the secondary 
lines from Maidstone to Ashford, Maidstone to 
Paddock Wood, and Ashford via Canterbury to 
Ramsgate; ‘Tonbridge via Tunbridge Wells to 
Bexhill and Hastings; the secondary line from 
South Croydon to Haywards Heath and Brighton 
via Oxted and East Grinstead ; and the secondary 
line from Horsham via Steyning to Shoreham. 
Thus most passenger trains and the principal freight 
trains in Kent, Surrey and Sussex will be worked 
electrically, and Diesel-electric traction will be 
used for local goods trains, in shunting yards, and 
on all sections of the company’s system east of 
Portsmouth which are not electrified. Steam loco- 
motives will no longer be seen at London Bridge, 
Victoria, Charing Cross and Cannon-street stations, 
and the Southern Railway’s steam locomotive stock 
will be reduced from 1,831 to under 800. There 





to Switzerland and the United States to study 
developments in electric and Diesel traction there, 
and it is partly as a result of the favourable report 
they submitted on their return that the new scheme 
has been adopted. There is still much detailed 
ing to be carried out, and it will be several 
months before actual construction is started. Al- 
though the present scheme deals with lines east of 
Portsmouth, it is anticipated that at some future 
date similar improvements will be made to the 
remaining western part of the company’s system. 


Post-Wak TRAINING OF ELECTRICAL ENGINEERS. 


A circular which has been issued by the Institu- 
tion of Electrical Engineers, Savoy-place, Victoria- 
embankment, London, W.C.2, draws attention to 
the fact that ex-servicemen who have carried out 
suitable workshop duties in technical units for a 
period of 18 months or more, as well as those who 
have had between 12 and 18 months industrial 
training, are eligible for grants under the Further 
Education arid Training Scheme of the Ministry of 
Labour and National Service. These grants are 
designed to enable those who have obtained univer- 
sity degrees in electrical engineering, or have 
qualified in some other way to be graduates of 
the Institution, to complete their practical training. 
Employers will be expected to pay the national 
scale applicable to engineering graduates, and the 
awards under the scheme will take these salaries 
into account. A plan of training will be drawn 
up by the employer before the grant is made ; 
and reports on the apprentice’s work will be sub- 
mitted to the Ministry, both by the trainee and by 
the employer, every three months. In addition, a 
routine monthly report, on which payment of the 
maintenance award will be made, will be required. 
Flexibility of plan will be desirable, so that the 
training scheme can be adjusted to the needs of 
each individual. Those who have not had any 
previous training in industry and only limited tech- 
nical experience in the services, such as signals 
officers without workshop training, will require a 
full two-years’ apprenticeship and should therefore 
follow an approved graduate apprenticeship scheme. 
No further practical training will be required by 
those who have had 9 to 18 months’ training in 
an industrial workshop and have been engaged 
in suitable workshop duties in a technical unit 
for more than 18 months. Provision may be 
made for those who, through having resigned from 
an apprenticeship in order to join the services, 
or who, for any similar reason, were not eligible 
for resettlement, but whose practical training was 
deemed to be nearly completed by their national 
service, to receive a special training grant for six 
months refresher training in industry. The scheme 
will be administered by the Appointments Officers 
of the Ministry of Labour, whose offices are situated 
in London and twelve provincial towns. When 
application is made to these officers the Institution 
should be notified also 


INTERRUPTIONS IN ELEcTRICAL SUPPLY. 


In reply to a question in the House of Commons 
on Thursday, October 31, the Minister of Fuel and 
Power (the Rt. Hon. E. Shinwell) said that all 
possible steps were being taken by the Central 
Electricity Board to issue warnings when there was 
a likelihood that generating capacity would not be 
able to meet the demand. Electricity undertakings 
had been instructed to avoid, as far as possible, 
cutting off supplies to hospitals, factories engaged in 
continuous process work, and other establishments 
where sudden interruptions would be dangerous 
without previous warning. , It was not practicable 
to give individual notice except to a small proportion 
of consumers. A general warning could be given 
only if there were a pre-arranged plan to cut off 
supplies to a particular area on given days, even if 
it proved technically unnecessary to do so on those 
days. The choice lay between having a pre- 
arranged interruption of supply, which might have 
been avoided; and a sudden interruption which 
occurred only when it became inevitable. In these 
circumstances the best solution was for everyone to 
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reduce consumption as far as possible during the 
peak hours of 8 a.m. to 10 a.m. and 4 p.m. to 6 p.m. 
It was only by the utmost economy that these inter- 
ruptions could be reduced to a minimum. In reply 
to further questioning, Mr. Shinwell said that it was 
not always possible for the Central Electricity Board 
to estimate at any given moment when the peak 
load was going to be, as that depended very largely 
on the consumers; and that he would consider the 
suggestion to give a momentary flick two or three 
times to serve as a five-minute warning that there 
was going to be a stoppage. It was pointed out, 
however, that the presence of electromagnetically- 
controlled switchgear might prevent this from being 
done. He added that the shortage of coal had 
nothing to do with these electricity cuts. They 
were due to the fact that only a few power stations 
could be built during the war, while consumption 
was 55 per cent. higher than in 1938. 


CONVERSION OF NEASDEN GENERATING STATION 
to Or Fraime. 


It was announced on Thursday, October 31, that 
the London Passenger Transport Board are to begin 
converting their Neasden generating station from 
coal to oil firing. This station, which together with 
Lots-road, supplies power for the Underground 
and Metropolitan Railways, at present has an 
installed capacity of 87 MW, and is equipped with 
ten 80,000 lb. boilers, six of which are fired with 
pulverised coal. It is one of the latter which is 
to be converted during the present quarter, and 
it is expected that similar work on the other five 
will be completed in eighteen months. It is esti- 
mated that when all six boilers have been converted 
they will use 40,000 tons of oil per annum and that 
70,000 tons of coal per annum will thereby be saved. 
Initially, the oil will be delivered by road and stored 
in three 50-ton tanks. These, with the existing 
means, will give three days storage. For the whole 
scheme oil will be delivered by rail from Purfleet 
and stored in two 1,600-ton tanks, thus providing 
a five-weeks supply. The goods yard at Neasden 
will have to be re-arranged to accommodate these 
storage facilities. 





LETTERS TO THE EDITOR. 


H.M.SS. ‘“* MINERVA ’’ AND 
*“*MAGNIFICENT,”’ 1914-1917. 


To THe Eprror or ENGINEERING. 


Sm,—An an ex-Briton and marine engineer, your 
journal holds for me more than just a passing 
interest. Recently, page 147 of your issue of 
August 16 arrested the progress of the year 1946 
long enough to take me rapidly back to 1915. 
Engineer Captain Smith’s description of a ‘ most 
exciting chase ” on April 16, 1915, struck 4 familiar 
note in my memory even before I had reached the 
end of the incident, where he said the torpedo boat 
had fired on the troopship Manitou. 

I was one of the more fortunate passengers on the 
Manitou (10th Battery R.F.A., 29th Division), 
having witnessed the whole event and lived to recall 
it. I came off “ submarine” guard duty an hour 
or 80 before the Turkish torpedo boat signalled us 
to heave to. My first smell of powder was when the 
first torpedo was fired, at such short range that it is 
believed to have been deflected under the ship and 
harmlessly expended itself on the other side. Our 
submarine guard was on a par with Captain Smith’s 
inference that the whole campaign ‘“‘ had no master 
plan or no master mind.” It is almost incredible, 
but true, that this submarine guard duty was per- 
formed with rifle and bayonet and without rifle 
ammunition. With ammunition for our rifles and 
not more than 50 yards range, even a second-class 
shot could have picked off the captain and crew 
of the torpedo boat ; but the required ammunition 
was very much under guard and not available. 

I can remember seeing the smoke of the three 
destroyers on the horizon and later one (or perhaps 
two) changed course to pursue the torpedo boat. 
I found myself later on the Mont Blanco where 
the captain and his wife gave us brandy, and 





blankets so we could take off our wet clothes. 
Another troopship, the Royal George, picked up 
about 100 men, and the repair ship Reclaimer also 
did a lot of good rescue work. It was several hours 
later before we arrived back on the Manitou, had 
roll call and buried our dead. It has been a lasting 
regret with me that we did not have ammunition 
on that voyage and I imagine Captain Smith will 
always regret the lack of a master plan during that 
and subsequent campaigns. 

We arrived the next morning at our anchorage 
and later recognised H.M.S. Queen Elizabeth, some- 
what battered, but still pounding away with her big 
guns. An example of accurate naval gunnery, just 
before we landed, stands out in my mind. A 
Turkish field-artillery battery was routed from its 
position on one of the beaches, and, as each gun 
galloped on to higher levels, they were ‘“ ranged ” 
with two shells and always the third shell landed in 
their midst. This happened to six gun teams in 
rapid succession. 

Please convey my compliments to Captain Smith 
and my gratitude for the able assistance which we 
received that day from the Navy. 


Yours sincerely, 
Rosert C. GORDON. 


A.205, Mayfair Apartments, © 
1300, Harrison-street, Wilmington, 12, 
Delaware, U.S.A. 
October 14, 1946. 





PERIODICALS IN REFERENCE 
LIBRARIES. 
To THE Eprror OF ENGINEERING. 
Smm,—May I draw attention to what appears to 
be an unfortunate lack of co-ordination between the 
engineering libraries in London? Recent inquiry 
at a number of these libraries for a certain issue of 


a foreign periodical elicited the fact that, in each |? 


case, copies were in the hands of the binders. 
Furthermore, in some instances at least, they have 
been away for many months and it is not known 
when they will be back. Would it not be possible 
for mutual arrangements to be made between the 
libraries to ensure that they do not all simultaneously 
send away the same periodicals ? 
Yours faithfully, 
Leroy A. BEAvFoY. 
University of London, King’s College, 
Faculty of Engineering, 
Strand, London, W.C.2. 
October 30, 1946. 





“ ENGYNES.”’ 
To THE Eprror or ENGINEERING. 


Sm,—I was very interested in Dr. Chatley’s 
article on ‘“‘ Engynes,”” on page 388, ante, in your 
issue of October 25, but was surprised to learn that 
Sir Flinders Petrie did not date the chain of pots 
(the Persian water-wheel or sakych) prior to the 
Roman period. Apparently I have been under the 
incorrect impression for some years that the Biblical 
reference to “ the silver cord shall be loosed at the 
fountain ’’ in Ecclesiastes (I quote from memory) 
referred to the ascending chain of wet water-pots 
glistening in the bright sunlight. Whether 1 formed 
this idea during the 1914-18 war, while I was in 
Egypt and Palestine, when I had many oppor- 
tunities of watching the action of the sakyeh and 
other water-raising devices, or whether it was 
suggested to me I cannot now remember. I should 
be interested to have Dr. Chatley’s comments on 
this suggestion. 

Yours faithfully, 
J. F. Perri. 
66, Petteril-street, 
Carlisle. 
November 1, 1946. 


[The quotation is from Ecclesiastes, xii, 6, and reads, 
in the Authorised Version, ‘‘ Or ever the silver cord 
be loosed. or the golden bowl be broken, or the pitcher 
be broken at the fountain, or the wheel broken at the 
cistern.” —Ep. E.] 


OIL AND WAXES FROM. COAL. 


A REPORT on the operation and development of the 
Fischer-Tropsch and similar processes for making oj] 
and waxes from coal, during the war, in Germany, 
was given in the course of a lecture delivered by 
Dr. C. C. Hall of the Fuel Research Station, Depart- 
ment of Scientific and Industrial Research, before a 
joint meeting of the Society of Chemical Industry 
and the Institute of Fuel, on November 4. Dr. Hail 
was one of a team of British and American investi. 
gators, led by Dr. A. Parker, Director of Fuel Research, 
London, who followed immediately behind the advanc. 
ing armies into the Ruhr in 1945. We understand that 
the knowledge acquired at the Fuel Research Station 
concerning the activity and life of cobalt catalysts 
for the process, in the main, was found to be as advanced 
as German knowledge and, in certain directions, was 
even more complete. In the course of his lecture, 
Dr. Hall stated that the Fischer-Tropsch process was 
operated in Germany over the period 1939 to 1944 in 
9 plants, 6 in the Ruhr area, 2 in Centra] Germany, 
and lin Eastern Germany. The combined rated annual 
output of these plants was 740,000 tons of total hydro- 
carbon products, but the maximum output attained 
was 570,000 tons, or rather less than 8 per cent. of the 
total German production of oil (74 million tons). 

The process consisted in preparing a mixture of 
carbon monoxide and hydrogen in the proportions of 
1 to 2 (known as “ synthesis gas ’’), which was purified 
from sulphur compounds and passed over a cobalt 
catalyst, maintained at a temperature between 180 deg. 
and 200 deg. C., either at atmospheric pressure or at 
about 10 atmospheres  Seapener (the so-called ** medium- 
pressure” process). The gasification of hard coke in 
normal water-gas generators was the main method 
employed for preparing the synthesis gas. Two of the 
plants prepared the synthesis gas by the direct gasifica- 
tion of brown coal. 

The synthesis catalyst used in all the plants from 
1938 onwards had the composition in parts by weight : 
cobalt 100, thorium oxide 5, magnesium oxide 8, 
kieselguhr 200. The useful life of the catalyst varied 
from 3 to 8 months, the cobalt and thorium being 
recovered from the spent catalyst for use in the 
preparation of fresh material. Irrespective of the 
ressure used, the most efficient plants obtained yields 
of 160-165 grammes of C, and higher hydrocarbons per 
cubic metre of inert element-free synthesis gas, repre- 
senting about 80 per cent. of the theoretical maximum 
yield. The highest space-time yield obtained, at 
atmospheric pressure, was about 2-2 tons, and, at 
medium-pressure, 2-4 tons per cubic foot of reaction 
space per annum. 

The C, and C, hydrocarbons were liquefied by 
compression and mainly sold as fuel. The fraction 
30 to 165 deg. C. was sold as low-grade petrol for blend- 
ing purposes, and the 165 to 230 deg. C. fraction as high- 

e Diesel oi] for upgrading low-quality tar and 
petroleum oils. The fraction 230 to 320 deg. C. was 
mainly converted into “ Mersol”’ detergents (used as 
soap substitutes) by sulpho-chlorination followed by 
saponification. A portion of this fraction, together 
with some of the soft wax, was cracked te produce 
olefines, which were polymerised to give good-quality 
lubricating oils. The bulk of the soft wax was oxidised 
to produce fatty acids. Most of the hard wax was used 
in the wax industry for polishes, paper impregnation, 
electrical insulation, etc. 

Approximately 72 per cent. of the total products 
were used as liquid fuel and 28 per cent. as chemical 
and special products. In the most efficient plant, 
only 30 per cent. of the total heat input to the Frcoom 
were recovered as primary products, but an additional 
25 per cent. were recovered as steam and residual gas. 
The net heat consumed in the production of one ton of 
primary products was equivalent to 4-5 tons of coal (of 
calorific value, 12,600 B.Th.U. per Ib.), assuming a 
thermal efficiency of 90 per cent. for the carbonisation 
of coal. The capital cost of the German plants varied 
from 450 to 850 RM per ton of annual production, and 
the operating cost, including capital charges, from 240 
to 890 RM per ton of primary products, The manu- 
facture of the synthesis gas was the major item of cost 
in the process. It may be noted that an approximate 
rate of exchange would be 10 RM to the pound sterling. 

In the last two years of the war, German research 
work was largely concerned with developing an iron 
catalyst which would replace cobalt in the existing 
plants, owing to shortages of cobalt, but the general 
trend of war-time research in this field was towards 
the production of olefines, waxes or alcohols for use 
in the chemical field rather than products for fuel use 
only. The most important development arising from 
the study of product utilisation was the ‘“ Oxo” syn- 
thesis in which olefines react with carbon monoxide 
and hydrogen to form aldehydes. Based on the opera- 
tion of the more efficient German plants, it is estimated 
that the production of the primary products under 
present-day British conditions would cost between 








2s. Od. and 2s. 6d. per gallon. 
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THE BUILDERS’ MODEL OF 
HENRY BELL’S “COMET.”’’ 


A PARAGRAPH at the end of the report. for the 1944-45 
session, of the Counc‘) of the Institution of Engineers 
and Shipbuilders in Scotland, published in the recently- 
issued 89th volume of the Transactions, records the 
thanks of the Council to the trustees of the late Mr. 
A. J. W. Reid for presenting to the Institution the 
original builders’ model of Henry Bell’s famous Comet, 
the first steamer to engage in a regular passenger 
service. By the courtesy of Mr. P. W. Thomas, B.Sc. 
(Eng.), the secretary of the Institution, we have been 
able to obtain the photographs of the model which 
are reproduced in the accompanying Figs. 1 and 2. 

Though the history and the principal dimensions of 
the Comet are on record in various publications, they 
may be briefly summarised by way of accounting for 


the corresponding particulars of the model. The vessel | 


was laid down at Port Glasgow in October, 1811, to 
the order of Henry Bell, a hotel keeper of Helensburgh, 
as a means of conveying passengers down the Clyde 
to that town and across to Greenock. She was con- 
structed of wood, and the builders were John and 
Charles Wood, whose yard at Port Glasgow afterwards 
passed into the possession of Messrs. Robert Duncan 
and Company. The 4-h.p. engine was built by John 
Robertson, of Dempster-street, Glasgow, and is said 
to have been intended for land use, but was bought 
by Bell for 1651. and fitted in the Comet. The boiler 
was made by David Napier. The Comet was launched 
on July 24, 1812; presumably with the machinery on 
board, for she proceeded on trial on August 6, steaming 
from Greenock to Glasgow, a distance of about 20 miles, 
in 34 hours. The dimensions ef the vessel vary slightly 
according to different accounts, but the late Professor 
P. A. Hillhouse, in a pamphlet published in 1912 in 
connection with the centenary celebrations in Glasgow, 
gave them as 43 ft. 6 in. long on the deck and 51 ft. 
overall, with a breadth of 11 ft. on the water-line and 
15 ft. over the paddleboxes, and a depth of hold, 
from the top of the keel to the deck at the side, of 
6 ft. At a mean draught of 4 ft., trimming about 1 ft. 
by the stern, the displacement was about 24 tons. The 
engine was placed on the port side and the boiler on 
the starboard side, the funnel being presumably on the 
centre line since it served also as a mast, carrying a 





yard and a square sail. A small jib was set on the 
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forestay. Originally, the engine had a cylinder 114 in. 
in diameter by 16 in. stroke, and drove two paddles on 
each side through spur gearing. Subsequently, a 
12}-in. cylinder was fitted, and a single paddle on each 
side was substituted for the double paddles. The vessel 
was also lengthened amidships by 20 ft. She was 
lost by stranding on Craignish Point, on the Argyllshire 
coast, on December 15, 1820. The engine was salved, 
and after being used for some years in a brewery, was 
bought in 1862 by Robert Napier, the famous ship- 
builder and marine-engine builder, who presented it 
to the Science Museum, where it is still to be seen. 

The model, which is to the scale of } in. to the foot, 
was presented to the Institution, as stated above, by 
the trustees of the late Mr. A. J. W. Reid. Mr. Reid 
was a nephew of John Wood, the builder of the ship, 
and inherited the model from his uncle. It was delivered 
to the Institution building, 39, Elmbank-crescent, 
Glasgow, in the glass case in which it is now exhibited 
there, and this was contained in a travelling box, on 
the inside of which was an inscription stating that it 
was the original builder’s model. If this statement 
requires support, it would seem to be provided by the 
athwartship lines scribed on the deck, and clearly 
visible in the accompanying illustrations, which conform 
to the positions of the frames as indicated on a sheer 
draught of the Comet which was reproduced in The 
Shipbuilder of October, 1912, and then said to be in 
the possession of Mr. Matthew Blackwood, of Port 
Glasgow. If this sheer draught still exists, it would 
be interesting if it (or a reproduction of it) could be 
acquired by the Institution and displayed beside the 
model. Incidental details revealed by the sheer draught 
and not shown in the model are that there was a small 
compartment forward, below the deck, apparently for 
the crew, and a “saloon” (if it can be so described) 
abaft the machinery space. This cabin was slightly 
larger than the crew space and partly below deck level, 
the top forming a deckhouse low enough not to impede 
the view of the helmsman, who steered by a tiller. 





CoaL STocks IN BERLIN.—According to the Tages- 
spiegel for Sunday, November 3, reported by Reuter, 
coal stocks in all but one of Berlin’s power stations are 
exhausted and they will cease operation within the next 
few days. The exception is Klingenberg, which is in the 
Russian zone and had a pre-war capacity of 270 MW. 





INTERNATIONAL ELECTRICITY 
SUPPiY.* 


By H. Nuwmo, M.Inst.C.E., M.I.E.E. 


A puBLic supply of electricity in this country is 
now given by the following authorsed undertakers : 
The Centra] Electricity Board, the North of Scotland 
Hydro-Electric Board, 365 local authorities, 169 
distribution companies, 26 power companies, five Joint 
Boards, and three Joint Electricity Authorities, a total 
of 570. The capital expenditure of the electricity- 
supply industry is about 800,000,0001. The growth 
of the industry has been very striking. In 1920-21, 
the electricity generated and purchased amounted to 
4,364 million kWh. In 1944, it was 38,363 million 
kWh. During the same period, the average price 
fell from 2$d. to just over Id. per kilowatt-hour. 

There is no world standard pattern for the regulation 
and control of public electricity supply, and it may be 
of interest, therefore, to summarise some aspects of 
this problem. National stat’st cs relating to electric'ty 
supply are not kept on a common basis, and the condi- 
tions are so difierent in the various countries that the 
greatest caution is necessary in mek ng con par sons. 
The following table, however, shows the output :n Great 
Britain and ten other countries, and the output per 
head of population, in 1937. 


TABLE I.—Electricity Output in 1937. 








. ’ | Population, Output, kWh per 

Couutry. Midions. | Mi.ieusaWh.!} hic “y 
Canada ..| 10,376 | 27,867 2,668 
Uuited States | 131,669 118,595 900 
pwede 6,206 4,240 556 
utcrmany i ° 67 47,757 712 
Great Britain ; 46 22,400 500 
erance ve = 42 18,162 433 
Japan vs . 73 26,633 305 
Ituly 45 14,960 332 
Belgium 8 2,645 320 
Howand 9 2,208 2.6 
Russia 170,467 37,440* 220 














* Estimated fiom 1935 and inciud:s the output fiom indus- 
trial stations rm pres nung abu one-thile of tLe weal. 


The huge Canadian output is largely due to the exist- 
ence of extensive and conven'ently placed water-pcwer 
resources which have been developed at low cost. 
More than 97 per cent. of Canadian power is generated 
from water. The availability of very cheap power in 
Canada has resulted in large electric'ty consum’ng 
industries being established in that country. Metal 
smelting and refining:age unt for some 30 per cent., 
and pulp and paper for 16 per cent., of the energy 
consumed. There are, however, many rural] territories 
without a supply. The provincial governments are 
taking active steps to rectify this, and would like to 
buy some of the equ’pment in this country, In 
nearly every province in Canada, Electricity Com- 
missions, with supervisory, regulatory and executive 
| powers have been set up, and some own and > ae 
generating stat‘ons, transmiss‘on and distribut‘on 
systems. In Ontar‘o, distribut‘on is almost entirely 
in the hands of municipal undertakers who receive their 
supply from the Ontario Hydro-Electric Power Com- 
mission. In Quebec, with more than half the total 
Canadian output, pr'vate enterpr’se preccm nates. 

The electric'ty-supply industry in the United States 
is largely privately owned, but the federal plus munici- 
pal share of the output is nearly 20 per cent. of the total. 
The privately-owned section cf the ircustry ‘s subject 
to regulat‘on by two Federa] Ccomm’ss'cns. the Federal 
Power Commiss‘on and the Securities ard Exchange 
Commission, 48 State Publ’c Servce (cnm es crs, 
and, to a léss extent, by local municipal bodies. The 
Federal Power Commission which consists of a chair- 
man and four members, gets its instructions directly 
from the President, and reports directly to Congress. 
The high electricity consumption yer heed in the 
United States may be accounted for, to some extent, by 
the low average selling price for pcwer, the high degree 
of industrial’sation, very exters've mecher'sat cr, a 
very generous scale of I'ghting, and the activ t'es of the 
Rura] Electrification Adm‘nistration exd other related 
bodies. About one-third of the output is obtained 
from hydro-electric stations. 

Like the United States, Sweden is a highly indus- 
trialised country and possesses abundant water-power 
resources, though unlike Canada, the principal sources 
of power are some 500 mile: from the mai: cer tres of 
consumption. Transmission at 22¢ kV is con: equently 
a major problem, and they are now experimenting with 
direct-current transmission. The sy tem allows for 
free competition between the State. the municipalities 
and the companies, but the largest company is 





* Presidential Address delivered at a meeting o- rhe 
Association of Supervising Electrical Engineers, in London 
on October 16, 1946. Abridged. 
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the Royal Board of Waterfalls, which is mainly a 
generation and transmission organisation. 

In Germany, at the beginning of the war, there were 
about 9,000 electricity-supply undertakings, and ener- 
getic measures were in process to reduce the number to 
something like 50. The mixed company system, with 
joint company and municipal ownership, represented 
over one-third of the total German output, and had 
made remarkable progress. The targest electricity sup- 
ply undertaking in Europe—the Rheinisch-Westfalische 
Electricitatswerke (R.W.E.), with an output of 4,717-8 
million kWh in 1937—is the most striking example of 
this type of company. The capital of these mixed com- 
panies was usually divided equally between the 
municipalities and the private holders, or slightly in 
favour of the former. The development of large electro- 
chemical, electro-metallurgical industries and a con- 
siderable range of synthetic processes, all requiring large 
blocks of power, explains, to a large extent, the higher 
pre-war consumption in Germany compared with this 
country. About 14 per cent. of tae output was obtained 
from water power. It will be observed, from Table I, 
that the output in France was below that of this 
country though approximately half is produced at 
hydro-stations. Transmission at 220 kV has been 
operating for many years and they are now experi- 
menting with a 400-kV line. In France, until June 1, 
1946, electricity supply was almost entirely in the 
hands of private companies, but on the date men- 
tioned the Government nationalised the industry and 
they are now building up the national organisation. 

In Japan, the electricity-supply industry was almost 
entirely company owned. An interesting pre-war 
development was the formation of the Japan Electric 
Generation and Transmission Company, a Government 
controlled concern, set up in 1939, to take over the 
generating stations and main transmission systems of 
33 companies. Distribution was to remain with the 
companies. Japan too is very favourably placed as 
regards water power and, in 1937, over 80 per cent. of 
the output was generated from water. 

In Italy, electricity supply was in the hands of private 
companies to the extent of over 90 per cent. The 
Italian Government left electricity-supply development 
to private initiative, retaining the right to intervene 
solely in the event of a private undertaking being unable 
or unwilling or incapable of developing its electrification 
programme in a manner compatible with the general 
welfare. There were, in 1937, eight separate electricity- 
distribution groups or systems fed mainly from hydro- 
electric stations in the Alps. Water power provided 
over 96 per cent. of the total output. 

In Belgium, generation and transmission was mainly 
in the hands of private compani’s, but an interest‘ng 
development has arisen in Belgium, owing to the forma- 
tion of intercommunal companies holding a concession 
for the supply of electricity and controlling the opera- 
tions of the distribution companies in the area of one 
or more municipal authorities. These intercommunal 
companies have a mixed ownership, with a municipal 
member as chairman and a company man as vice chair- 
man; and provisions are made in the local constitution 
of the companies to prevent either party from using its 
majority to force the adoption of measures of which the 
other disagrees. 

In 1937, Russia was the only country where the 
electiic-supp'y industry was owned by the State. 
Distribution was regionalised under central control. 
Domestic electrification was deliberately discouraged 
pending the completion of industria] and strategic 
developments. In all the countries mentioned, except 
Belgium and Holiand, water power has been an import- 
ant factor. Some countries are very favourably placed 
in this respect and this valuable natural resource has 
accounted, in some measure, for the high degree of 
electrical development. 

In Great Britain, the total number of kilowatt-hours 
generated in 1944 by authorised electricity-supply 
undertakers by type of plant was as shown in Table II. 


TABLE II.—Electricity Generated in Great Britain, 
by Type of Plant. 














| Millions of Per Cent. of 
Type of Plant. |” kWh. Total. 

| 

| 
Steam : 37,093 96-68 
Oil ‘} | 0-12 
Gas a 3 | 0-01 
ag ray 1176 | 3-07 
Destructor, waste heat, etc. 46 0-12 

| a — 

38,363 | 100-00 





These figures give an indication of the extent to 
which the country is dependent on coal for the pro- 
duction of power. Clearly, it would be to our advan- 
tage if all the potential water-power sites capable 
of economic development were equipped with generating 
plant. 

Table III, relating to the public electricity-supply 
systems of six countries, has been compiled on the 








basis of 1944 figures (1945 for France) to show the 


kilowatt-hours generated and sold; the percentage of 
the total generated from water; the total kilowatt- 
hours sold per head of population; and the kilowatt- 
hours sold per head for domestic purposes, shops, 
Offices, etc. Here again some allowance must be made 
for the different methods of compiling statistics and 
the different classifications used. 

With the great advantages of water power, it may 
well be asked why the whole of the water-power 
resources of this country which are capable of economic 
development have not been utilised. The — 
reasons for this are, firstly, cheap coal, and, secondly, 
that until the _— of the H Electric Develop- 
ment (Scotland) Act, 1943, the opposition to any 
proposed hydro-electric development in this country 
was so strong that enterprising people who wanted to 
build stations were, to a large extent, unable Lo obtain 
the necessary powers. In spite of this great difficulty, 
57 water-power stations have been built by authorised 
electricity-supply undertakers, with a total installed 
capacity of about 350,000 kW, which is less than 3 per 
cent. of the total installed capacity of ali the stations in 
the country. 

In the decade just before the war, however, the 
opponents of water-power development put almost a 
complete stop to the building of hydro stations. The 
British Company made three unsuccessful 
applications to Parliament for powers to develop the 
Caledonian Power Scheme for the manufacture of 
calcium carbide. This comprised 66,000 kW of plant, 
estimated to deliver to the factory 320 million kWh 


Further constructional schemes are certain to follow in 
rapid succession until al] the economic sites have been 
developed. The small remaining undeveloped sites 
in England may not all be available for produci 
electricity. Severa] have already been earmarked by 
water engineers as suitable sources of domestic supply, 
and the prospects of combined power and water-supply 
schemes are very limited. Schemes have prepared 
for utilising the valuable undeveloped water-power sites 
in North Wales, but here again domestic water require. 
ments may upset calculations. 

For the time being, however, this country is largely 
tied to coal for the production of electricity, and as 
has already — indicated, it P difficult to compete 
as very cheap power with countries like Canada, 
Seedee and "Bwiteerlond where the conditions under 
which electricity is produced are almost completely 
reversed. Nevertheless, in spite of this very serious 
handicap, the development of the electricity-supply 
industry in Great Britain does not compare badly 
with other countries. In the United States in 1944, 
with over 50 million kW of generating plant and plenty 
of reserve capacity, the average coal consumption 
per kilowatt-hour generated was 1-33 Ib. Here, 
in the same year, there was (and still is) a very serious 
shortage of generating plant and quite a large per- 
centage of old and inefficient plant had to be run to 
keep up the supply. The position was made more 
difficult by unsuitable coal, yet the average coal con- 
sumption per kilowatt-hour generated was 1-416 |b. 
The ave ice per kilowatt-hour sold to consumers 
in 1944, for the country as e whole, was relatively low, 





TABLE III.—E.ecrricrry GENERATED AND SOLD IN GREaT BRITAIN, ETC. 





























Gt. Britain, | United States, Canada, Sweden, France, Switzeriand, 
-_- 1944. 1944. 1944. 1944. 1945. 1044/5. 
Population, millions . . ee - 46-9 131-669 11-975 6-60 | 41 4-4 
Number ot generating stations 345 3,969 626 1,118 (43) | 1,381 393 
MW. installed ~~ st “a --| 12,248 50,275 8,074 (kVA)| 2,740(43) | 9,330* 2,050 
kWh generated (millions) ool 38,363 230,736 38,013} 12,417 | 18,523f 7,9714 
Generated from water, per «ent. } 3-07 2-3 97-64 97 55 99-74 
kWh-old (milbons) .. cr es von 32,473 198,161 34,446} 10,469 15,800 6,085** 
kWh sold per head of population .. ++ 692 S| 1,505 2,893 1,586 385 1,382 
kWh sold; domestic, shops, offices, etc. } 
(millions) .. oi ae vi — 11,223 64,476 4,464 2,017 3,400§ 1,400t+ 
kWhsold ; domestic, shops, offices, etc., per 
bead of population. . oa ie ba 239 489 | 273 305 83 320t+ 
Total Number of consumers (thousands) . . | 11,201 33,048 | 2,238 2,000 13,309] 1,004 
Total Number of electricity supply under- | | 
takers kc me we se vel 570 | 3,560 | 865 900 1,400 1,222 
| (Estd.) | 
* Including waste-heat stations. + Includes 350 millions from waste-heat stations and 600 million imported. 3 Excludes 
2,585 million exported to United States. § Includes ail low-voltage supplies. | Approximate number of consumers in France 


* Includes 288 millions generated at consumer's own stations and 


excludes 55 millionsimported. ** Excludes 884 million exported 


tt Residential, including street lighting, but excluding hotels, hospitals, etc. 


per annum at a cost of 0-1117d. per kilowatt-hour. 
The second application of the Grampian Electricity 
Supply Company, in 1941, was passed by a Parlia- 
mentary Committee, but was rejected by Parliament. 
These fruitless efforts to obtain authority to develop 
a part of the Scottish water power resources cost the 
applicants a total sum of nearly 100,000/. Following the 
second rejection of the Glen Affric Schem>, the Hydro- 
Electric Development in Scotland Committee was set up 
under the chairmanship of Lord Cooper to consider the 
whole question. The report of this committee recom- 
mended the creation of a Hydro-Electric Board in North 
Scotland and the Hydro-Electric Development (Scot- 
land) Act, 1943, followed. The North of Scotland 
Hydro-Electric Board was duly set up to initiate and 
undertake development of al] further means of genera- 
tion of electricity by water power within the area, and 


soon after its appointment, prepared a development | 


scheme showing the water-power resources which it was 
proposed to utilise for generating electricity. This was 
approved by the Electricity Commissioners and con- 
firmed by the Secretary of State for Scotland. All the 
indications are that the orderly development of the 
water-power resources of North Scotland is now 
assured. 

As regards the potential water-power resources of 
this country, the Cooper Committee estimated the 
output from sites in North Scotland at 4,000 million 
kWh per annum. The North of Scotland Hydro- 
Electric Board have estimated an annual average 
output of 6,274 million kWh. As further surveys are 
carried out, it is believed that the potential output will 
be found to be considerably greater, and for the whole 
of Scotland may exceed 10,000 million kWh. Table IV 
shows separately the output generated in 1944 from 
water in Scotland, England and Wales, and the author’s 
estimate of the annual output that could be produced 
in the three countries in, say, 1966. 

On the assumption that the above estimate is reason- 
ably accurate, the full development of the water-power 
resources of this country might save a further six million 
tons of coal per annum. The North of Scotland 
Hydro-Electric Board are developing the water-power 
sites in the North of Scotland as quickly as the supply 
of labour, tools and materials will permit, and the con- 
struction schemes now in hand, when finished, will 
double the present capacity of existing hydro stations. 


TABLE IV.—Actual and Estimated Hydro-Electric Output. 








| Actual Output Estimated 
— } in 1944, Output in 1966, 

| Million kWh. | Miition kWh. 

| 
Scotland a és ‘ig 1,064 10,225 
England .. oe # ‘- 15 25 
Wales | 97 750 

Total .. | 1,176 11,000 











TABLE V.—Average Price of Electricity in Pence per 
kWh to Consumers. 














Exchange| Domestic, | 
Country. Rate per Shops, | Power. All Classes. 
a. Offices, etc. | 
' ' 
| | d. d, d, 
Gt. Britain .. 1-558 | 0-803 1-066 
Canada --| 84-02 | 1-04* 0-234 0-347 
| 1-28 | 
United States $4-02 | 1-86 0-58 0-99 
Sweden (1943) | Kr.16-85 | 1-7 0-55 0-93 
Switzerland . .| Fs.17-35 1-21 0-55 0-83 
| 0-275 





* Domestic and farms. t Water heating. 


as the figures in Table V for Great Britain and four 
of the most progressive countries—Canada, United 
States, Sweden and Switzerland—show. 

As previously indicated, comparisons with other 
countries must be made with the greatest caution, but 
even so, after making allowances for the very different 
conditions and different price levels, consumers of 
electricity in Great Britain would seem to be very well 
served. 


t Shops, offices, etc. 





NATIONALISATION OF ELECTRICITY SuPPLY.—In reply 
to a question in the House of Commons on Tuesday, 
October 29, the Minister of Fuel and Power (the Rt. 
Hon. E. Shinwell) said that the Incorporated Municipal 
Electrical Association, the Conference of Joint Electricity 
Authorities and Joint Boards, the Electrical Trades 
Union, and the Electrical Power Engineers’ Association 
had indicated their willingness to co-operate in carrying 
out the Govermument’s policy of natfonalising the elec- 
tricity supply industry. 
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METROPOLITAN RAILWAY BRIDGE RECONSTRUCTION. 





Fie. 1. Temporary Supports FoR OLD Main GIRDERS. 


ENGINEERING. 





























Fie. 3. New Cross-GIRDER BEING 





ERECTED. 





RECONSTRUCTION OF 60-FT. SKEW 


RAILWAY BRIDGE. 


THE wrought-iron girder skew bridge which, until 
recently, carried the Metropolitan north-bound fast 
and local tracks over the London Midland and Scottish 
Hampstead Junction line on the outskirts of London, 
was built in 1879. It was later paralleled by two 
independent bridges, one on the south and the other 
on the north, which carry the London and North 
Eastern Railway lines from Marylebone and other 
Metropolitan tracks, respectively. The bridge had two 
clear spans 62 ft. 6 in. and 59 ft. 4 in., which were 
supported on brick abutments and a narrow central 
pier. The skew was so sharp that only two of the 
thirteen cross-girders of each span were carried by 
the main girder on each side, the remainder resting 
with one end on an abutment or on the pier. There 
were two sets of cross-girders, one of which was hung 
under the main girders by bolts, while the other was 
added later at a higher level. Rail bearers carrying 
timber waybeams were fixed to the webs of these cross- 
girders and the floor was of timber planks. 

This old bridge, being weak for modern loading, was 
scheduled for reconstruction just before the war. 
The new steelwork required had, in fact, been fabri- 
cated. Erection however, was, postponed in view of 
the complete stoppage of traffic which would have 
occurred had the south-bound tracks been damaged 
while work on the two north-bound tracks was in 
progress. Reconstruction, therefore, was not begun 
until March, 1946, when the work was hampered by 
the exceptional congestion at the site, which was 
caused by the presence of the independent bridges on 
each side. Four temporary cross-overs were laid before 
the work on the bridge itself was commenced, to enable 
traffic in both directions to run over the two south- 
bound lines during week-end possessions. A new 
signal and train stop was also sited on the south-bound 
local road just north of the bridge to control the north- 
bound running during the special working. 

The new bridge consists of steel plate girders and 
plated cross-girders, which are laid at 9 ft. centres 
and the longest of which is 27 ft. 8 in. Rail bearers, 
14 in. by 6 in., and filler joists, 4 in. by 3 in. encased 
in concrete which is covered with asphalt and tiling, 
are placed between these cross-girders. The concrete 
deck stops short of the stiffeners, so that the main 
girders are completely accessible for painting. The 
first work to be undertaken on the bridge itself was to 
build temporary supports for the old girders while the 
new bearings were under construction. These tem- 
porary supports, which are illustrated in Fig. 1, were 
necessitated by the peculiar arrangement of the deck 
system on the old bridge, the result being that the 
bearings for the new girders had to be placed 2 ft. 
below the original level. When the new bearings 
were ready, one pair of the new main girders was 
brought to the site by rail and placed by cranes outside 
the old main girders in the narrow spaces between the 
bridges. The next stage, which was carried out during 
a long week-end possession, was to cut out the old 
cross-girders and to lower them on to the London 
Midland and Scottish Railway tracks. The old main 
girders were then lifted, slewed round and loaded on 
to wagons. This portion of the work is illustrated in 
Fig. 2, which shows one of the cross-girders being 
dismantled and one of the old main girders that has 
already been removed in the background. One of the 
original cross-girders is also visible under the main 
girders with the strengthening girders added at a 
higher level. Finally, the new main girders were put 
into position, the new cross-girders inserted and the 
track restored. Fig. 3 shows the new main girder 
already in place on each side with the new cross-girders 
being erected. 

We understand that great care had to be exercised 
in lifting the main girders, which weighed up to 22 tons 
each, as several of the lifts were at the limit of the 
permissible radius. The clearance at the back ends of 
the cranes was also much restricted by the girders of 
the adjoining bridges, while overhang of the London 
and North Eastern Railway up line was only permissible 
for short periods. Two cranes of 30-tons and 35-tons 
capacity, respectively, were used, and several lifts were 
necessary for each girder. Those at the larger radii 
were made by both cranes working together. The 
second span was dealt with in the same way. The 
completion of the floor with concrete deck, drainage 
arrangements, asphalting, tiling and final laying of 
the ballasted track was carried out under traffic with 
a number of short possessions, the work being finished 
in September, 1946. 

It may be added that during reconstruction the 
tracks were temporarily raised 17 in. by using 8 in. 
by 5 in. steel waybeams, which carried timber sleepers. 
These were laid on steel packings, which are Visible 
on the left of Fig. 3, and were designed to suit first 
the old and then the new cross-girders. The track has 
been permanently raised 11 in. to accommodate the 





new ballasted deck. 
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NOTES ON NEW BOOKS. 


The ‘“ Liberation” Locomotive. _ Offices of The Railway 
Gazette, 33, Tothill-street, Westminster, London, 
S.W.1. [Price 2s..] 

Tae “ Liberation” locomotive is such an unusual 

example of locomotive design, being for use in the 

rehabilitation of Europe, that the publishers have 
reprinted the article which appeared in The Railway 

Gazette of June 28, 1946. It incorporates clear draw- 

ings and photographs which cover most of the interest- 

ing points in the design. The wide distribution of 
these engines on the Continent should be of consider- 
able benefit to British locomotive manufacturers by 
encouraging foreign railways to place their orders, in 
the years to come, with builders who have shown 
themselves capable of producing such an adaptable 
type. The “ Liberation” locomotive was also illus- 
trated and described in ENGINEERING, page 440, vol. 
161 (1946). 


Control of Railway Traffic Operations by Telephone and 
Teleprinter. By Mason H. L. Carrer, LE., 
M.I.R.S.E. Government of India Railway Depart- 
ment: Technical Paper No. 317. The Manager of 
Publications, Civil Lines, Delhi, India. [Price 
2 rupees, or 3s.] 

Masor H. L. Carrer, who is Planning Officer, Tele- 

communications, to the Railway Board of India, writes 

on train and traffic control, withspecial reference to the 
conditions obtaining in India and to United Kingdom 
practice, which he had the opportunity of studying 
during a short tour in 1944. The survey is illus- 
trated by a number of photographs, diagrams and 
charts. After differentiating between traffic control 
and train control, he goes on to consider in what 
circumstances train control with graphical plotting is 
an economic necessity. Both functions are described 
in some detail, with typical examples taken from prac- 
tice. Engine and wagon control, and the organisation 
of control staff, are de:cribed. A scheme for training 
control staff, recommended by the Train Control 

Committee of the London and North Eastern Railway 

Company in 1943, is outlined ; and the main headings 

of general and local instructions issued by the L.M.S. 

Railway are given as a guide to those organising train 

and traffic control. A brief reference is made to multi- 

position control for the operation of heavy traffic, but 
as operating conditions are not as intense in India as 
they are in this country, the system is not fully des- 
cribed. The design of control circuits and control 
offices, with special reference to the acoustics, air- 
conditioning and lighting of the latter, are considered. 

The book will doubtless be useful to operating per- 

sonnel in India and other parts of the Empire, but it 

can only whet the appetite of the home railwayman for 
something much more comprehensive and informative. 

The whole subject is complex and worthy of extensive 

treatment. 








Production Control in an Engineering Factory. By Dr. 
M. L. Yates. [Price 2s. net.] Time Study in Light 
Industry. By 8. Buoys Drerte. [Price 2s. 6d. net.] 
Costing in the Engineering Industry. By F. R. 
Goopy. [Price 2s. 6d. net.] Emmott and Company, 
Limited, 31, King-street West, Manchester, 3. 

TuEsE three booklets are, respectively, Nos. 25, 27 and 

29 in the series of Mechanical World monographs, which 

are designed to provide information in a condensed form 

on a wide variety of specialised industria] subjects. 

There is a risk, in so doing, that the matter may be 

reduced to a paraphrased form which conveys little 

new to the exper enced man and nevertheless is worded 
too technically to suit the student. The three mono- 
graphs under review avoid this risk with varying 
degrees of success. Dr. Yates does not attempt to 
generalise on production control, but he gives a detailed 
and readable account of an actual system, that of The 

British Thomson-Houston Company, showing how the 

system interlocks with the general organisation of the 

factory and illustrating the various forms, cards, and 
lists which are used. Mr. Dipple, in his discussion of 

Time Study in Light Industry, describes methods of 

measuring time elements, of rating the performances 

of individual operators, and of allowing for fatigue. 

He gives detailed information on standard times for 

typical machining, pressing, and gauging operations 

and on the time study of assembling and inspecting 
operations; but the treatment is necessarily super- 
ficial, and the student may find the style rather 
difficult. Costing in the Engineering Industry covers 
a wide field, including the relation of costing to the 
main functions of works organisation, materials passing 
through stores and processing operations, labour, 
systems of time-recording, wages systems, and time 
study. Mr. Goody deals with practical schemes which 
have been found satisfactory, but, as he warns the 
reader, each system must be developed to suit the 
individual factory. Although his monograph is by no 
means a complete exposition on costing, it is useful as 
far as it goes. 


LABOUR NOTES. 


An interesting. discussion on several industrial 
problems, including the present shortage of labour, 
took place at a meeting, last week, of the Joint Advisory 
Council, which is com of representatives of the 
British Employers’ federation at the Trades 
Union Congress. Mr, Isaacs, the Minister of Labour 
and National Service, presided. According to an 
official statement issued later in the day, the President 
of the Board of Trade had explained the present position 
of the import and export trades and indicated the future 
needs of the country. He had also called attention, it 
was stated, to the vital importance of increased produc- 
tion in relation to costs and described the salient 
features of our general economic position. 





In the discussion which followed, the view was 
generally expressed that an essential condition of our 
future prosperity and well-being was the most efficient 
and economic use of labour and increased productivity. 
That involved, amongst other things, it was agreed, an 
appreciation by emplo and managements of the 
changed conditions er which we were now living. 
There was a prospect for many years to come of a 
general shortage of labour, so that the fear of unem- 
ployment should not be reflected in the outlook of those 
called upon to secure increased production, without 
whieh neither increased wages nor profits could be of 
teal or lasting benefit, nor could the Government’s 
social service programme be effectively implemented. 





The Council agreed, the official statement added, 
to co-operate with the Government in considering the 
methods of combating inflation and of assisting in 
increasing the labour force in vital under-manned 
industries. It was also decided to request the Govern- 
ment to make available to industry and the country 
generally a full statement of al] the economic considera- 
tions affecting the relations between employers and 
trade unions. That request, it was officially stated, 
was being favourably considered. 





Addressing a meeting recently of Leeds Chamber of | 
Commerce, Brigadier Kennett Hargreaves called for 
an inquiry into the use of “ miners’ coal.” He said 
that 699,000 miners used 4,746,000 tons of miners’ coal 
between September, 1945, and August, 1946, compared 
with a total consumption of 3,817,000 tons by the 
engineering and other meta] trades during the same 
ap Mr. Shinwell’s appeal for economy should, 

e suggested, be addressed to the miners. 





Mr. J. A. Hall, President of the Yorkshire Mine- 
workers’ Association, stated, last week, that the best 
use was not being made of the available man-power. 
He computed that the coal] output in Yorkshire could 
be increased almost at once by 50,000 tons a week if 
there were not a constant ruse to get work done and 
be out of the p'ts. There were, in the area, enough 
men in the pits, if they would only work their full hours. 
The coal-face workers, in his opinion, should work 
through a full seven-hour sh ft instead of coming out 
at the completion of their “ stint,” as at most pits. 
The men had better contracts than in any other coal- 
field in the country, but they dd not make the best 
use of them. Wages in the Yorkshire coalfields 
would reach as high an average as any other coalfield 
of the country if the miners worked the full seven hours. 
It was not necessary to work overtime. 





Mr. G. H. Hockerby, chairman of a panel of delegates 
from eleven Doncaster collieries employing about 30,000 
men, stated in Sheffield last week that only about 50 out 
of every 800 men came out of the pit before time, and 
that was more than made up by the overtime they 
put in. 





In reply to a question by Mr. W. J. Brown, the 
Independent Member for Rugby, Mr. Dalton, the] 
Chancellor of the Exchequer, said in the House of 
Commons last week that when workmen were com- 
pelled to be members of a trade union as a condition 
of employment, they would not be allowed to treat 
their trade-union contributions as a necessary expense 
for income-tax purposes. 





The employers and the trade unions in the printing 
and book-binding trades have signed an agreement 
providing for a 43}-hour week, two weeks’ annual 
holiday with pay in addition to Bank Holidays, and 
substantial increases of wages, In an official statement, 
the British Federation of Master Printers said: “ These 
changes in working conditions will increase the cost of 
printing and bind:ng considerably and prices wil] have 
to be raised. Price increases will vary as there are 














many factors to be taken into account, and different 





SS ee 
classes of work require varying proportions of 
(male and female). As an pa Bor ap of one me, 4 
the wage increase to women is a@ higher percen » 
than the increase to men, and this means that th 
percentage by Which ae must be ra‘sed in the iote 
of work involving a b'g proportion of woman labou, 
will have to be higher than in the normal caso, Printers 
and binders have been examining their costs since the 
terms of settlement of the recent trade dispute were 
announced, and have considered the effect of th's new 

teement on their present cost figures. They vil) 
advise their customers as soon as possible of the 
necessary increase in prices.” 





Writing in the quarterly report of the Card 
Workers’ Amalgamation, Mr. Alfred Roberts, the 
general secretary, says that the operatives in the cotton 
trade must assess, as far as they are able to do 0, the 
long-term effects of the proposed 40-hour week. ‘The 
interests and needs of the community as consumers 
—and that included themselves—must be taken into 
account ; therefore, no action should be taken which 
would, in any way, reduce or endanger the continued 
production of commodities already in short supply. 





Mr. Beard, the general secretary of the United 
Patternmakers’ Association, states that the craft 
unions have discussed with the iron and steel employers 
a number of questions, including the guaranteed week 
and extended holidays with pay. Certain proposals 
have been considered, and a document is to be pre- 
pared by the employers for further consideration at 
an early date. “Th’s committee,” he adds, “ has now 
been set up to function permanently, when it is hoped 
that other questions affecting craftsmen in th's industry 
will be dealt with on a national basis. For some time 
past, agreements have been made with unions cover ng 
the process side of the industry and then sent to the 
craft unions, who deal with maintenance, for s gnature, 
This will now cease, and agreements with the craft 
unions will henceforth be the subiect of negotiations 
between the two parties.” 


A delegate meeting of the United Patternmakers’ 
Association held at N weastle-on-Tyne on Saturday 
last, decided to instruct the executive council to give 
14 days’ notice to the Engineering and Allied Em- 
ployers’ National Federation that members would cease 
work “until the skill required of patternmakers is 
recognised in their remuneration.” 





In the latest issue of the Monthly Trade Report of 
the United Patternmakers’ Association, Mr. Beard, the 
general secretary of the organisation, deals—in advance, 
of course, of the Newcastle meeting—with the matter 
to which the foregoing decision refers. Evidence is 
not lacking, he says, that members feel very keenly the 
delay of the employers in attending to this question on 
the lines indicated in the Association’s application of 
June 18. Overtime embargoes have taken place and 
token stoppages of work have been reported by em- 
ployers, who point out that such action is unconstitu- 
tional. Meetings of shop members have been held in 
most areas whee wages are low and there is no doubt 
in Mr. Beard’s mind that the patternmaker is alive 
to his position, particularly in respect of “‘ the disparity 
in earnings between different districts.” 





The question of continuing the P.A.Y.E. system of 
collecting income tax was raised on the adjournment 
in the House of Commons on Friday last by Mr. C. 
Osborne, the Conservative Member for Louth, who 
claimed that it had outlived its usefulness, although it 
had given very good service during the war. It put, 
he said, a penalty on overtime and efficiency. 





Replying, Mr. W. Glenvil Hall, Financial Secretary 
to the Treasury, said that he, at any rate, was not going 
to suggest any alterations to the present method or 
that legislation should be introduced. It was true 
that there were people who would not work unless they 
felt that they were going to take every single half- 
penny they earned, but fortunately, the vast majority, 
as was shown during the war, had some social sense, 
and were willing, when the case was put to them, to 
work for the State as well. 

A 


The Government believed, Mr. Glenvil Hall went on 
to say, that the present system, with all its faults, was 
an excellent one considering the prevailing high rate of 
income tax, and that it was the only possible one. He 
realised that production was essential and that it should 
be assisted in every way, but it was impossible to change 
the system of taxation. If the people desired a high 
standard of living, they had themselves to share in the 
production of goods and services and create the wealth 
and conditions which would provide that high standard. 
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AN EXAMINATION OF THE 
RECORDS OF THE ‘‘ GREYHOUND ”’ 
EXPERIMENTS.* 


By Proressor A. M. Ross, D.Sc. 


Tank experiments on the resistance of ships are con- 
cerned, in the majority of cases, with a minor fraction 
of the resistance, amounting to about 10 to 25 per cent., 
and that minor fraction is determined by the subtrac- 
tion of a calculated quantity from the measured 
quantity, the total resistance. The practice can be 
justified if, and only if, the calculation of the major 
fraction rests upon a secure foundation. The funda- 
mental assumption is that the frictional resistance 
exerted on @ ship is entirely independent of the distri- 
bution of the pressure around the ship, so that a shaped 
form experiences no more and no less resistance than 
, rectangular surface of equal area and of length (in 
the line of motion) equal to that of the ship, moving 
at the same speed. When referring to that assumption, 
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William Froude wrote: “‘I am confident that no 
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sensible error arises. . .’t The statement of faith 
now italicised is the foundation of the practice of 
more than 70 years. An examination of the evidence 
accepted as justifying the practice may be permissible ; 
it is contained in the record of the experiments with 
H.MS. Greyhound (loc. cit.). The curves in Figs. 
i and 2, herewith, provide the basis for the examination 
of the records. The solid curves for the model and the 
ship represent the curves of frictional resistance as 
used by Froude. They correspond to the curves B B 
with reference to the base-line, and B B with reference 
to the line CC as base, in Fig. 19 of Froude’s paper, 


* Paper read, on September 24, at a joint meeting 
of the Institution of Naval Architects and the Institution 
of Engineers and Shipbuilders in Scotland, held in 
Glasgow. Abridged. 

t “On Experiments with H.M.S, Greyhound,” Trans. 
LN.A., vol. 15, page 36 (1874). 








but the speed has been expressed in knots instead of 
in feet per minute. The ordinates of the curves were 
measured from the original records so that errors 
arising from the smallness of the published diagrams 
might be avoided. 

In 1936, Mr. M. P. Payne gave to the Institution an 
outline of the history of the Froude frictional con- 
stants.* It may be of interest to note, by way of 
closing a gap in the record, that the curve for the 
model can be expressed very closely by Ry = 0-01117 
S V1-8 and the curve for the ship very closely by 
Ry = 001047 S V1-75, The curves are of earlier 
date than the “ 1876 ” curves reproduced by Mr. Payne 
as Fig. 1 of his paper. The dotted curve of resistance 
for the model in Fig. 1 of the present paper was derived 
from Froude’s 1876 curve and is given here in order 
to show the modification made by Froude after the 
Greyhound experiments. 

The upper dotted curve for the ship in Fig. 2 was 
derived eos the original method of extrapolation of 
the plank results suggested by Froude ; it corresponds 
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to the upper dotted curve in Fig. | of Mr. Payne’s 


per. The lower dotted curve was derived from the 
ower solid curve in Fig. 1 of Mr. Payne’s paper; and 
therefore it expresses Froude’s opinion of the frictional 


resistance of a ship after he had considered the results 
of the Greyhound experiments. It will be seen that 
the modification made after the experiments was a 
small but only a small, increase in the resistance ; this 
fact is of some significance in a subsequent considera- 
tion. 

Figs. 3 and 4 show the curves of total resistance for 
the model in the light and normal conditions, and 
Figs. 5 and 6, also on this page, show by dotted lines 
the curves of measured resistance for the ship in the 
corresponding conditions. The figures for the resist- 
ance of the ship in the light condition were taken from 





— Historical Note on the Derivation of Froude’s 
Skin Friction Constants,” Trans, I.N A , vol 78, page 93 
(1936). 





Fig. 8 of Froude’s paper and scaling from the small dia- 
grams may have introduced minor errors. The figures 
for the other curves except for a small portion of one 
of the diagrams, were measured from the original 
records. 

In 1941, Mr. R. W. L. Gawn placed on record the 
fact that Froude considered the measured resistance of 
the Greyhound to have been exaggerated by the com- 
parative shallowness of the water in which the towing 
tests were made.* Records of experiments with a 
false bottom in the tank indicate that the relatively 
limited depth of water led to an increase in resistance 
of about 4} per cent. at a speed, for the ship, of 
11-25 knots, and of about 64 per cent. at a speed, for 
the ship, of about 6-8 knots. On the assumption that 
the increase varies in a linear manner with speed, while 
satisfying the figures given above, the solid curves of 
resistance in Figs. 5 and 6 were determined; the 
modifications were made in order that discrepancies 
subsequently to come under review should be reduced 
as far as is possible on the evidence available. The 
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frictional resistance curves in Figs. 3 and 4 were plotted 
from the expression R, = 0-011178 V'-®, derived 
from the curves in Figs. 1 and 2. The curves of resi- 
duary resistance in Figs. 5 and 6 were derived from 
the measured and calculated resistances in Figs. 3 
and 4, and the superposed values of frictional resistance 
were plotted from R y= 0-01047S V1-75, as derived 
from Figs. 1 and 2. The frictional resistance was plotted 
above the residuary resistance in order that the gap 
between the resistances determined by experiment and 
by calculation might be clearly related to the calculated 
frictional resistance. 

To bridge the gap between the calculated values 
of the total resistance of the ship and the measured 
values it is necessary to increase the calculated frictional 
resistance by about 60 per cent. at the lowest speed in 
the light condition, and by about 46 per cent. at the 
lowest s in the normal condition. At the highest 
speed, the corresponding increases are about 15 and 
18 per cent. Such a range of discrepancy does not 
indicate a sure foundation for an accepted practice. 
Incidentally, if the gap is to be bridged by an adjust- 
ment of the frictional coefficient and the speed index, 
the record for the light condition leads to the expression 
Ry = 0-02436 S V3***, and that for the normal con- 
dition to the expression Ry = 0-02118S V1. The 
important point here is not the difference between the 
two expressions ; it is that, in both cases, the speed 
index is not rational in the light of either accepted 
practice or modern considerations. 

Mr. Payne has shown that there was a large amount 
of empiricism in the development of the Froude 
frictional constants. In case the serious discrepancies 
which have been noted should be attributed to the 
method of extrapolating the results from experiments 
on short planks, it is proper to examine the Greyhound 
records in the light of a modern extrapolation. Fig. 7, 
herewith, shows the results of Schoenherr’s plotting 





* “ Historical Notes on Investigations at the Admiralty 





Experiment Works, Torquay,” Trans. I.N.A., vol. 83, 
page 80 (1941). 
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of available frictional resistance records.* This 
plotting would appear to be the most rational yet made. 
In this presentation, Schoenherr’s coefficients have 
been halved in harmony with the British practice of 
using p rather than 3p as a factor in the denominator 
of the non-dimensional coefficient. The Froude 
coefficients have been plotted for comparison. It is 
apparent that, at the higher Reynolds’ numbers, there 
is a considerable discrepancy between Schoenherr and 
Froude and it is obvious that there is a fundamental 
error in the Froude extrapolation in so far as, instead of 
there being a line there is a ““band ” with the boun- 
daries of the band depending on the speed-length 
ratio, 

Results of applying Schoenherr’s coefficients to the 
Greyhound records are shown in Figs. 8 and 9, herewith. 
The results for the model are not shown, since there is 
not a material difference between Schoenherr and 
Froude so far as the model is concerned ; but for the 
extension to the ship the discrepancy between experi- 
ment and calculation is appreciably increased by the 
adoption of the more rational extrapolation. For 
the ship in the light condition, at the lowest speed, the 
gap between experiment and calculation can be 
bridged only by increasing the calculated frictional 
resistance by about 90 per cent. Hence the more 
recent and more rational extrapolation of frictional 
resistance records increases the doubt as to the security 
of the foundations of practice. 

It has been suggested that Froude made an addition 
to his frictional coefficients to take account of roughness 
of surface, and the comparison in Figs. 8 and 9 seems 
to justify the suggestion. In fact, however, the increase 
in the assessment of frictional resistance made by Froude 
after the Greyhound experiments is indicated by com- 
parison of the solid curve for the ship in Figs. 5 and 6, 
with the dotted curve immediately above it ; there is 
an increase, but it is very slight and is far from adequate 
to bridge the gaps shown by the records. Froude 
suggested that the gap between the experimental 
record for the ship and the calculation from the model 
experiment and the frictional coefficient could be 
bridged by assigning to the coppered bottom of the 
Greyhound a higher degree of resistance than had been 
taken by him for the calculation. It is now apparent, 
however, that, when he produced the 1876 curves he did 
not apply the consideration deemed necessary for the 
explanation of the Greyhound results. Moreover, 
there is a possible contradiction behind the argument 
for an increased assessment of the frictional quality of 
the coppered bottom. Eight towing tests were made 
before the ship was fitted with bilge keels. Subse- 
quently, bilge keels 34 ft. wide and 100 ft. long were 
fitted and three further towing tests made. On the 
basis of his experiments on the frictior of planks, and 
with a generous allowance for the reduction in speed 
of the belt of water set in motion by the skin of the ship, 
Froude estimated that the bilge keels would increase 
the resistance by 800 Ib. at a speed of 10 knots. The 
increase was actually less than 350 lb. As an explana- 
tion of the discrepancy, Froude suggested that the mere 
exposure of the coppered bottom in dry dock for a 
week while the bilge keels were being fitted might have 
affected the frictional quality of the surface. 





* “The Resistance of Flat Surfaces Moving Through a 
Fluid,” by Karl E. Schoenherr. Trans. Soc. Nav. Arch. 
and Mar. Eng., vol. 40, page 279 (1932). 
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Thus, in order to explain two discrepancies, Froude 
8 ted, in effect, for one case a considerable increase 
in the frictional coefficient and for the other a decrease. 
The suggested increase for one case and decrease for the 
other are not necessarily inconsistent, but the seeming 
contradiction raises an element of doubt; and the 
doubt is strengthened by a record of an experiment in 
the National Physical Laboratory. A coarse linen 
surface applied to a model over one-eighth of the 
length from the fore end increased the resistance 
by 11-3 per cent., whereas the same area applied amid- 
ships increased the resistance by only 3 per cent.* 
The record of that experiment may be related to the 
record of the effect of fitting bilge keels to the Grey- 
hound. A reasonable conclusion is that the reduction 
in pressure amidships more than counterbalanced any 
effect from incre: water speed and led to the ‘resist- 
ance being less than that determined from consideration 
of friction on the assumption that the effect of shape 
may be ignored. If the variation in distribution of 
pressure due to shape leads to a reduction in frictional 
resistance as compared with that on the equivalent 
flat plank, the residuary resistance of the shaped form 
is under-assessed; and if the residuary resistance 
varies as (length)* between model and ship the under- 
assessment of the residuary ‘resistance of the model 
means that, as compared with present practice, a 
larger proportion of the total resistance should vary 
as (length)*. If, in the case of Greyhound, a larger 
proportion of the resistance of the model had been 
expanded as (length)*, the discrepancy between experi- 
ment and calculation would have been narrowed. 
The general argument obtains some support from the 
record of Captain E. F. Eggert’s experiments on the 
measurement of pressure on the surface of a model.t 
Fig. 10, herewith, shows the curve of total resistance 
of a 20-ft. model and, by a dotted line, the frictional 
resistance as calculated in accordance with accepted 
practice; the line may be taken to express either 
Froude’s figures or Schoenherr’s figures, since for the 
20-ft. model the difference is inconsiderable. The solid 
line below the curve of total resistance indicates the 
resistance due to the variation of water pressure ; the 
values are laid off as deductions from the total resist- 
ance. Since the resistance due to variation of water 
pressure is the resistance associated with the generation 
of waves, Captain Eggert’s results also point towards 
existing practice under-assessing the resistance which 
may be taken to vary as (length)*, and so are in harmony 
with the general argument developed from considera- 
tion of the records of the Greyhound experiments. 
There is not yet enough definite evidence to justify 
any immediate departure from present practice, but it 
would appear that there is an urgent need for experi- 
ments on pressure plotting, and an urgent need also 
for thrust measurements on ships. Some fleeting refer- 
ences to measured thrusts indicate that they are 
larger than predicted thrusts. If this is found to be a 
generalisation, it will be in harmony with the fact that 
the resistance of Greyhound exceeded the calculated 
value; so it would appear that there is need for 
sustained investigation of fundamental principles. 


* Ship Design, Resistance and Screw Propulsion, by 
Dr. G. S. Baker, page 31. 

+ “Further Form Resistance Experiments,” by 
Captain E. F. Eggert. Trans. Sov. Nav. Arch. and Mar. 
Eng., vol. 47, page 303 (1939). 





“GREYHOUND ” 





Nov. 8, 1946. 


EXPERIMENTS. 
ow: 10. 

















Lb. 
. 

P 
WW 


x- 





























1 

i 

' 

en lies 

& R 
i* 

' 

' 

t 

ol Y 

s 

guna 7 Knots 


PRESIDENTIAL ADDRESS TO THE 
INSTITUTION OF MECHANICAL 
ENGINEERS.* 

By O. V. S. Buttzrp, M.I.Mech.E. 
(Concluded from page 415.) 

THE impact of the war of 1939-45 on the Chief 
Mechanical Engineer’s Department of the Southern 
Railway was serious, and some details of the variety 
of the work done may be of interest. The company’s 
workshops are near the south and south-east coasts, 
and in consequence were very liable to hostile air attack. 
Before the war, a scheme was prepared and put into 
force to increase the repair facilities at the running 
sheds all over the system. When this was completed, 
we were in a position to do light repairs at many 
outlying points and were confident that we coyld cope 
with most emergencies. Before the war was over we 
had reason to be thankful for the forethought which 

had been displayed in these provisions. 

Apart from war material manufactures, the work- 
shops were concentrated on locomotive and wagon 
building to the exclusion of most carriage work. The 
traffic changed in character by alterations of route and 
increases in the distance hauled. At its peak, the 
volume of passenger traffic increased 80 per cent. 
above the 1938 figure, while freight traffic increased by 
70 cent. 

ot only did we endeavour to maintain the rolling 
stock in as good condition as possible—a matter of 
special importance on the Southern Railway because 
of the great military movements it was called on to 
make—but we built new locomotives and wagons to 
an unprecedented extent. Between 1934 and 1939, 
the average production of the Southern Railway work- 
shops was 9-5 locomotives per annum and 1,101 
wagons per annum. During the period 1940-45, the 
numbers built were as shown in the accompanying 
Table IV. 














TABLE IV.—Locomotive and Wagon Production in 
Southern Railway Works. 
Year. Locomotives. Wagons. 
1940 1,144 
1941 7 3,356 
1942 46 2,484 
1943 62 2,365 
1944 68 2,590 
1945 29 2,453 
5 Total ..| 212 14,392 
Average | 35 2,399 











In 1938, the number of employees in the locomotive 
shops was 2,844, and a further 3,543 worked in the 
carriage and wagon shops. The corresponding figures 
for the peak period of war-time employment were 
4,564 and 3,391, respectively. No less than 1,628 
women were included in the labour of all kinds intro- 
duced into the various works. 

I have referred earlier to the labour organisation in 
the railway shops, and it will be of interest to refer to 
a war-time innovation, first unofficial and then official, 
provided by the addition of Production Committees 
to the existing Shop and Works Committees. These 
Production Committees served a most useful purpose, 





* Delivered at the Institution, Storey’s-gate, London, 
S.W.1, on Friday, October 18, 1946. Abridged. 
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and resulted in a closer degree of co-operation as the 
difficulties of management came to be understood and 
the magnitude of the work to be done was appreciated. 
I have referred to the large number of trades unions 
whose members work in the railway shops, and this 
explains the ease with which any kind of war work 
could be undertaken and successfully completed in 
them. It supports the claim which is made that the 
best training ground of a mechanical engineer is a 
railway shop. It is a matter of special pride to me 
that, thanks to the way in which everyone responded, 
we were able to operate through the difficult war 
years without a stoppage of work through labour 
dispute. 

I have already referred to the especially vulnerable 
location of the company’s main works near the south 
and south-east coasts, and, in fact, we suffered air 
attacks on more than one occasion which caused a 
grievous loss of life, and many other casualties. We 
had much damage to the works to make good, but the 
repairs were taken in hand at once and completed rapidly 
so as to cause as little !oss of output as possible. We 
hear a good deal of the upset to output caused by 
enemy action at different places, but let us remember 
Ashford with its 2,881 ‘‘ red *-warnings and its 2,044 
‘imminent danger” alerts given by our own “ spot- 
ters.” The work went on, even though at the worst 
period 50 per cent. of the working hours were spent in 
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the shelters. In spite of this, and our maintenance work 
and new engine and wagon building, the large amount 
and variety of war work completed in the shops is 
illustrated by the list of the more important items 
completed for the various Services, given in the three 
following paragraphs :— 

For the Navy: the building of motor lighter craft 
(M.L.C.) assault landing craft (Fig. 14, page 444), fuel 
tenders, landing craft for stores (L.C.S.), and for per- 
sonnel (L.C.P.), harbour launches, and fast motor 
boats. Pillar-box rocket guns (Fig. 15, page 444) 
were built, and, in an emergency, naval-gun shields 
were manufaccured. 

For the Army: considerable work was undertaken 
for the repair and modification of guns and howitzers, 
ranging in calibre from 0-303 machine guns to 15-in. 
rail mountings; and a complete shop (Fig. 16, page 
444) was set aside and equipped for the machining of 
2-pounder anti-tank gun barrels. We were closely 
associated with the design and equipment of two secret 
jobs, known in the one case as “‘ mobile N.L.E. units ” 
and in the other as “C.D.L. equipment.” Another 
important contribution was the manufacture of scissor 
bridge-layer equipments to be fitted to special-pur 
tanks in place of the turrets (Fig. 17, page 444). Self- 
launching bridges were also constructed, as well as 
standard unit trestles and column units for use in 
urgent: bridge-repair work. A large number of Army 
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lorries were equipped as various types of mobile work- 
shops. Pontoons were built in shops specially allotted 


for this : 

For the Royal Air Force: the mage contracts 
undertaken embodied the construction of tail units of 
Horsa gliders, for which two carriage shops were speci- 
ally equipped and on which they were wholly employed. 
We are proud on the Southern to remember we played 
a part in “ The Battle of Britain.” We handled the 
special and heavy traffic to the aerodromes and depots, 
and we were closely identified with the design and manu- 
facture of the gun mountings which enabled Blenheim 
bombers to be operated as fighter aircraft. We also 

roduced a large number of 8,000-lb. bomb trolleys. 

umerable drop stampings and details and part 
assemblies for aeroplanes and tanks were manufactured, 
and many thousands of miscellaneous parts were 
machined. 

In addition to this specialised type of war work, 
much of @ more normal railway character was under- 
taken ; for instance, we produced 130 freight 2-8-0 
tender locomotives of Sir William Stanier’s design for 
the L.M.S. and L.N.E. Railways, and accomplished 
a spectacular feat in building 1,000 wagons at Ashford 
in nine weeks for the Persian route to Russia (Figs. 
18 and 19, on this page). We undertook the conversion 
of coaches for use in ambulance trains, the design and 
construction of tank ramp wagons for facilitating 
loading and unloading tanks at remdte stations, and 
the equipping of passenger luggage and covered goods 
vans to form mobile workshop units, consisting of an 
electric power generating van, a van equipped for 
electric welding, a stores van, and a workshop van 
fitted with a lathe, shaper, heavy pillar and sensitive 
bench drilling machines, power hacksaw, and pipe- 
screwing machine (Fig. 20, on this page). A number 
of American box trucks were also equipped as break- 
down trains. 

After the completion of the war orders, the railway 
workshop is fortunate from the point of view of 
employment of its labour, in having large arrears of 
work to make good. The locomotives and other 
rolling-stock were worked much more heavily than 
usual, and normal maintenance was impossible. The 
wagon position is such that, though ever increasing 
numbers of repairs are completed, the effects of 
increased age and war-time damage have not yet 
been overtaken. Carriages could not be built during the 
war, and those available were used in a way of which 
we are all well aware. The construction of new car- 
riages is one of the immediate problems, which, unfor- 
tunately, arises during an acute shortage of all material. 
These very difficulties have made us more resilient and 
we have adapted our designs to make use of the 
materials now available. 





BRITISH AIRCRAFT FOR SWITZERLAND.—<According to 
@ news-agency report from Berne, the Swiss Defence 
Department have decided to stop production of military 
aircraft in Switzerland and to place all future orders 
with the de Havilland Aircraft Company, Limited, for 
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579,438. Aircraft Wing. Boulton Paul Aircraft, 
Limited, of Wolverhampton, J. D. North and B. F. Clark, 
of Wolverhampton. (2 Figs.) March 31, 1944.—The 
invention is a form of joint for joining together the top 
and bottom halves of an aircraft wing, the joint being 
capable of easy and rapid assembly and disconnection. 
The wing has a metal skin 16 stiffened by spanwise 
stringers and chordwise ribs and supported on a span- 
wise spar. Each rib of the wing is in four portions 1, 2, 
3, 4, secured to the main spar boom 6 by brackets. Each 
spar boom and the spar web 8 carry a series of comple- 
mentary eyes which form a continuous passage for the 
pintle 11. The web of the rear spar 12 is formed from 
two halves joined together in a similar manner, as are 
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also the two forward portions of the rib. Each pintle 11 
is in the form of a tube helically wound from strip metal 
and initially is a sliding fit within the eyes. After 
insertion into the eyes, the pintle is expanded by pressure 
applied axially to the ends, by screwing plugs into the 
threaded sockets of the end pieces of the eyes. After 
tightening, the joint is pinned at intervals by means of 
removable pins inserted into holes drilled diametrically 
through the joint. The two halves of the wings are 
easily and rapidly assembled and after expansion of the 
pintles, tight joints are obtained, free from play. The 
Pintles can be loosened and removed to allow repairs to 
the wing, after the removable pins have been taken out. 
(Accepted August 2, 1946.) 


579,640. Undercarriage. Aircraft Components, Limited, 
of Cheltenham, and D. G. Bridges, of Cheltenham. (3 Figs.) 
May 18, 1938.—The invention is a locking device for a 
retractable aircraft undercarriage. The undercarriage 
consists of a leg, supporting the landing wheel, pivoted 
at its upper end in the aircraft. A folding radius rod, 
consisting of an upper part 4B and a lower part 4C, 
is pivoted at its ends to the leg and the aircraft. The 
parts 4B, 4C are inter-pivoted. A hydraulic retracting 


(579.640) 


jack 5, pivoted in the aircraft, is connected to the part 4B 
by a pin in a slot 6 formed in a lug projecting from the 
part 4B. This pin and slot connection provides a lost- 
motion connection between the part 4B and the jack. 
Pivoted to the parts 4B, 4C are two members 7 and 8 
joined together by a transverse pin 9, which is the 
“ down ” lock detent. The member 8 is adjustable in 
length by screwing, so that the position of the detent 9 
can be altered. Two latches, the “down” latch 10 








detent-engaging notches, are pivoted to the lug projecting 
from the upper part 4B. Both latches have arcuate 
slots which embrace the pin by which the jack is con- 
nected to the part 4B. The latch 10 has an arcuate 
slot in which lies a pin 13A extending laterally from one 
end of a cylindrical body 13B. The pin also engages 
with the latch 11. In the body 13B is a sliding rod 13C. 
Two compression springs in the body act oppositely 
and hold the rod in the middle of the body 13B. The 
rod 13C is pivoted to a lever 15 integral with the mem- 
ber 7. Electrical contacts 16 operate signals to show 
when the latches are in engagement with their respective 
detents. The “ up ” lock detent is carried in the under- 
carriage housing in the aircraft. To retract the under- 
carriage, the jack 5 is contracted. During the lost- 
motion caused by the pin and slot connection between the 
jack and the part 4B, the latch 10 is entrained by the 
f|pin and disengaged from the detent 9. This move- 
ment is opposed by the springs in the body 13B. When 
the latch 10 is free from the detent 9, further contraction 
of the jack 5 swings the part 4B and folds the radius 
rod, swinging the leg up and back. The relative angular 
Movement between the parts 4B and 4C swings the 
member 7 anti-clockwise. The lever 15 swings with 
the member and thrusts on the rod 13C holding the 
latch 10 in the disengaged position and the latch 11 in 
@ position in which it engages the “up” lock detent. 
To lower the undercarriage, the jack 5 is extended, 
freeing the latch 11 from the “up” lock detent and 
forcing the part 4B downwards. The lever 15 pulls on 
the rod 13C and moves the latch 10 so as to engage 
the detent 9. The jack cannot transmit any effort to 
the undercarriage when it is locked, as unlocking precedes 
the application of direct-jack effort to the undercarriage. 
(Accepted August 12, 1946.) 
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578,511. Electric Torpedo. J. Stone and Company, 
Limited, of Deptford, and E. C. Hatcher, of Northwood. 
(3 Figs.) October 30, 1941.—The invention is a torpedo 
depth and course control mechanism. The torpedo is 
propelled by tandem screws on concentric propeller shafts 
c. The motor is connected with a gearbox e which drives 
the shafts. A hydraulic servo-motor f is connected 
with the steering mechanism by rodwork and is controlled 
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by a valve h. A gyroscope j swivels a slotted screen 
between a lamp and photo-electric cells. The cells are 
connected with a battery and a solenoid z controlling 
the distribution valve h. The servo-motor f is supplied 
with oil from the gearbox ¢ by a pump p. The pump 
also supplies oi] to a servo-motor s controlling the eleva- 
tors through rodwork. The servo-motor s is controlled 
by a depth-sensitive device u, and the torpedo is kept on 
its course and at its correct depth by compact and 
positive controls. (Accepted July 2, 1946.) 





MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT. 


579,456. Reaming Machine. Gillett Stephen and 
Company, Limited, of Great Bookham, and G. J. A. Smith, 
of Great Bookham. (3 Figs.) April 14, 1944.—The in- 
vention is a hand-operated power-assisted machine. 
The operator retains overriding manual control while 








the motor dees the bulk of the work. 
Fig. 1, consists of a stand 1 mounted on rollers and carry- 


The machine, 


ing a tool-mounting head 3. In the head, Fig. 2, is an 
output shaft 5, having a limited universal driving connec- 
tion with a tapered reamer 7. The output shaft 5 is 
driven by an input shaft 10 through bevel gearing. One 


The other element 14 is grooved to hold a driving belt 15 
and can be rotated on the input shaft. The driving belt 
is driven from a motor 21. The element 14 is held out of 
engagement with the element 12 by a coil spring which 
holds it in contact with the tubular boss of a crank- 

handle, The boss has inclined cam-like faces 25 which 
co-operate with a pin 26 on the input shaft. As the 
crank-handle is turned clockwise, the cam-like faces riqe 
up the pin and push the clutch elements together against 
the action of the compression spring. While the resict- 
ance to rotation is insufficient to cause compression of the 
spring the machine will be hand driven, but as soon as the 
resistance increases sufficiently to cause compression of 
the spring the clutch elements are pushed into driving 
connection. So long as the operator continues to tury 
the crank-handle at sufficient speed to maintain the 
clutch elements in engagement, the drive of the output 
shaft and tool is power-assisted. The operator, however, 
still retains an overriding control of the whole operation. 
By varying the load applied to the crank handle the clutch 
elements can be allowed to slip, thus decreasing the speed 
of rotation of the tool as required. (Accepted August 2, 
1946.) 


MOTOR VEHICLES 


578,314. Trailer-Vehicle Brake. Clayton Dewandre 
Company, Limited, of Lincoln, and J. Rodway, of Lincoln. 
(4 Figs.) October 4, 1943.—The invention is a valve for 
controlling the brakes on trailer vehicles. The reaction 
valve is interposed between a brake-operating pedal and 
a cross shaft on the tractor vehicle through which the 
tractor brakes are applied. A pedal-operated rod 1 is 
connected to a reaction lever 3 through which passes a 
pivot pin 7 The reaction lever 3 has a lost-motion 
connection with the pin 9 by means of a sleeve 10 carried 
at its lower end. The sleeve is connected with the rod 
of a piston 13, which slides in a part of the valve housing 
15. The valve housing 15 has a port 16 connected to a 
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(s78,314) 
source of vacuum and a second port 17 connected to the 


brake cylinders on the trailer vehicle. The port 16 is 
closed by a spring-fed valve member 19 contained in an 
extension 24 of the piston 13. The piston 13 is normally 
urged by a spring 26 into a position in which the port 16 
is closed. During the movement of the brake-actuating 
pedal, the reaction lever 3 is moved about the pin 7 
until the lost motion is taken up. The movement draws 
the piston to the right and unseats the valve member 19. 
so that the suction is exerted through the port to operate 
the brakes on the trailer vehicle. As the brake applying 
effort is relaxed, the suction in the valve housing 15. 
aided by the spring 26, tends te restore the piston 13 


and the valve 19 to the closed position. (Accepted 
June 24, 1946.) 
578,565. Tipping-Truck Transmission. E. Boydell 


and Company, Limited, of Manchester, and J. D. Coldwell, 
of Manchester. (3 Figs.) April 15, 1944.—The trans- 
mission is designed to overcome the difficulty encoun- 
tered in the usual type of rigid construction, which pre- 
cludes the use of a resilient mounting for the engine and 
springing for the axle. The gearbox and rear axle 
casings a and b are made as a single item which is carried 
on the chassis frame by springs c. At its front end, the 
gearbox is formed as one part of a spherical joint. 








(578,565) 


The clutch housing of the engine is formed as the other 
part of complementary shape to that of the gearbox. 
The clutch shaft and gearbox shaft are connected by a 
universal joint f in the spherical] joint. The engine e is 
mounted at its forward end on a cross member by resilient 
blocks g!. The transmission is simple, one flexible 
joint only being required, and the overall length of the 
transmission is small. The engine is held at its rear 
mounting, and vibrates freely about its centre of gravity 
without fear of misalignment taking place due to rubber 








and the “up” latch 11, which have opposite-facing 





element 12 of a clutch is secured to the input shaft 10. 





mountings dropping in service. (Accepted July 3, 1946.) 
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RAISING RAILWAY BRIDGE 
OVER TENNESSEE RIVER. 


Iv was mentioned in the description of the 
Kentucky Dam of the Tennessee Valley Authority, 
which appeared in these columns earlier this year,* 
that the flooding caused by the creation of the 
956,000-acre reservoir behind the dam had necessi- 
tated the raising of three main highway bridges, 
the rebuilding of one railway bridge, and the raising 
of another. This last-mentioned bridge carries the 
Louisville and Nashville Railroad between Memphis 
in Tennessee and Louisville in Kentucky, and the 
work of raising it by 18 ft. involved operations of con- 
siderable engineering interest. The bridge, which is 
located 56 miles upstream from the dam, was built 
in 1931. It consists of five 200-ft. truss spans, 
one of 178-ft., a 299-ft. lifting span, and a 74-ft. 
girder span. A general view of the bridge is given | 
in Fig. 1, on this page. The timber work to be seen | | 
in course of. construction alongside the bridge in 
this illustration is part of the temporary timber- 
trestle bridge which was built to carry the railway 
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ewes the new work and the old almost eliminated, 
The inctedse’ in the size of the piers by 8 ft. overall 
also resulted in the top of the raised structures 
conforming in size to that of the original piers, so 
that proper accommodation was provided for the 
old bridge seatings. 

The 18}-in. outer concrete casing was secured to 
the old work by cutting three 3-in. by 18-in. chases, 
or keyways, around the old piers, and also a series 
of intermittent keyways, 3 in, deep and 2 ft. square, 
at a lower level. These arrangements are shown in 
Figs. 2 and 3. The casing was reinforced with 1-in. 
diameter vertical bars set at 10-in. centres, and 
}-in. horizontal bars pitched 12 in. apart. This 
reinforcement is indicated in Figs. 3 to 5. The 
steel was set with a minimum cover of 3 in. of 
concrete. Additional reinforcement, and additional 
tie between the new work and the old, was provided 
by cross ties passing through the pier and embracing 
the vertical reinforcement, as shown in Fig. 3. 
The dressed-stone coping of the old piers, which is 
shown in Figs. 2 and 3, was removed. The concrete 
used for the 184-in. encasement had a strength of 
2,500 Ib. per square inch at 28 days. In addition 








| placed 9 ft. apart, 4 ft. 6 in. from the centre line of 
the truss, under the end floor beam. The jacks used 
were of 350 tons lifting capacity, except in the case 
of the towers, for which 500-ton jacks were used. 
The dead loads on the shoes of the 300-ft. spans are 
106 tons, but for the lifting span and towers the 
corresponding loads are 236 tons and 458 tons. 

The brackets which are secured to the tops of the 
piers by bolts set in the concrete, and on. which the 
bridge shoes rest, were lifted with the spans, being 
temporarily locked to the shoes by means of four 
long vertical bolts. These were supported at the 
upper ends by angle irons welded to the shoes. The 
arrangement is shown in Fig. 6, on page 459, and a 
view of one of the lifting jacks is given in Fig. 7. 
The procedure followed was to lift the four corners 
of @ span simultaneously. The jacks were operated 
independently, but care was taken to extend them 
all at approximately equal rates. As the shoes 
were raised, { in. thick oak packing pieces were 
placed below them to form a seating on which the 
shoe could come to rest in case of failure of one of 
the jacks. Some of these timber packing pieces 
are shown in Fig. 9, on page 468. When the shoes 
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Fig. 1. 


during the lifting operation ; it has nothing to do 
with the railway bridge proper. The temporary 
bridge was necessary as traffic could not be discon- 
tinued and no alternative route to which it. could 
be diverted was available. 

The trusses of the railway bridge are set at 18-ft. 
centres and are carried on reinforced-concrete piers, 
the original heights of which varied from 50 ft. to 
90 ft. The foundations are on rock. The method 
adopted in raising the bridge was to lift each span 
independently, in 3-ft. stages, by means of hydraulic 
jacks, building-up under the raised shoes with 
pre-cast concrete blocks, the extended piers being 
encased in reinforced mass concrete. The original 
piers were 31 ft. 6 in. long at a point about 3 ft. 
below low-water level, and 10 ft. wide at the same 
level. They had rounded ends.and tapered up- 
wards, the length and width decreasing by } in. 
for each 12-in. rise. The height from the point 
3 ft, below low-water level was 16 ft. 5in. Drawings 
of one of the raised piers, in which the original 
structure is indicated, are reproduced in Figs. 2 to 5, 
on page 458. The first operation carried out was the 
encasement of the existing piers with an 18}-in. 
layer of concrete, as indicated in these illustrations. 
The concrete layer was continuous with the concrete 
of the extended pier, which was added later, so 
that something approaching a monolithic structure 
was obtained and the effect of the plane of weakness 





* ENGINEERING, vol. 161, pages 337, 385 and 433. 
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to this preliminary work of enlarging the old piers, 
the 750,000-lb. counterweights were freed from the 
lifting span before the bridge-raising operations 
were started. This was necessary in order that the 
lifting span could be raised independently from the 
contiguous truss spans. The disconnected) counter- 
weights were supported in the towers.on beams 
which were normally kept in the tower framework, 
and which had been provided from the first to 
enable the lifting cables to be renewed, or other 
repairs or maintenance work to be carried out. 
To provide against the contingency of high winds 
during the raising of the towers, double 5-in. 
diameter guy ropes were provided on each side of 
them connecting from the noses of the pier to 
points on the tower about 30 ft. above rail level. 
These guys were provided with 3 ft. long turn- 
buckles, which were slacked off as lifting proceeded. 

As already mentioned, the spans were raised in 
3-ft. lifts, the procedure being to. work from one end 
of the bridge, raising the first span. by 3 ft. and then 
repeating this operation for the second span and so 
on, until the other end of the bridge had been 
reached, A start was then made at the first end of 
the bridge and the second lift carried out in the same 
way. A departure had to be made from this 
sequence of operations in the case of the lift span, 
which had to be raised before the spans on each side 
of it, as these would have fouled the lift span had 
they been raised first. The spans were raised by 
four hydraulic jacks, two at each end. They were 
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had been lifted about 9} in., the packing was 
removed and three 9 in. by 9 in. pre-cast concrete 
blocks were inserted in its place. The blocks were 
spaced about 2 in. apart and were faced with sheet 
lead } in. thick to ensure uniform bedding. Fig. 10, 
on page 468, shows the sheet lead being placed in 
position, but as will be realised, this view shows 
a stage in the work when a number of the layers 
of pre-cast concrete blocks had been placed in posi- 
tion. As will be geen from Figs. 9 and 10, the blocks 
were provided with horizontal reinforcing bars the 
projecting ends of which formed convenient handles 
for lifting and were embedded ultimately in the mass 
concrete in which the whole built-up block structure 
was encased. The pre-cast blocks varied in length 
with the weight coming on any particular bridge 
shoe. Those at the left of Fig. 2 are 5 ft. 4 in. long 
and those 4t the right 3 ft. 7 in. long. 

When the first rows of blocks had been placed 
below the shoes, the jacks were slacked off so that 
the weight, was transferred to the shoes. Rows of 
pre-cast concrete blocks were then placed below the 
jacks and a second 94 in. lift carried out. The jack 
shown in Fig. 7 is supported on blocks. When the 
bridge had been raised by the second 94 in. lift, 
second rows of concrete blocks were placed, under 
the shoes, at right angles to the first, as shown in 
Figs. 2 and 3. These blocks were 9 in. by 9.in. by 
2 ft. 8 in..long for all the shoe supports, but those 
carrying the heavier loads had six blocks side by 
side as against four for the others. When this row 
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RAISING BRIDGE OVER TENNESSEE RIVER. 


Fig. 2. LONGITUDINAL SECTION 
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was in position, the blocks were slacked off, and 
packed up, and the third lift was carried out. After 
the fourth lift, the jacks, and supporting blocks on 
which they were resting, were removed and the whole 
area of the top of the pier was rufi in with a 3 ft. 
lift of concrete in which the pre-cast blocks below the 
shoes were permanently embedded. Timber shut- 
tering was built around the outside of the pier to 
enable this concrete to be It is illustrated 
at a late stage of the work in Fig. 8, 

A view showing the upper surface of one of the con- 
crete lifts is given in Fig. 11, on page 468. Although 
it is not indicated in Figs. 2 and 3, this mass-con- 
crete encasement was provided with vertical and 
horizontal reinforcing bars, which can be seen in 
Figs. 9 and 10, and more clearly in Fig. 11. 

When the first lift of mass concrete had been run, 
the jacks were placed in position again and the 
bridge was raised in four further 9-in. stages, pre- 
cast blocks being built up below the shoes in the 
manner already described. The six 3-ft. lifts in 
which the mass concrete was run are indicated in 
Figs. 2 and 3.° The former of these shows some 
of the blocks which were used below the jacks. 
These, however, were not left permanently in place 











Fig. 3. SECTION 8 B (Fig. 2.) 
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cast blocks was not continued through the 2-ft. thick 
upper lift which constituted the coping layer, as it 
was desirable to provide a solid base immediately 
below the bridge shoes to permit satisfactory fixing 
of the holding-down bolts. The effect of this 
arrangement was that it was not possible to remove 
the supporting jacks while this upper layer of con- 
crete was run. The matter was dealt with by 
building timber bulkheads round the jacks. These 
-|Temained in place while the top lift was run and 
until the concrete had set sufficiently hard to take 
the weight of the bridge. The jacks were then 
slacked off, when they and the timber bulkheads were 
removed, the space left being filled with concrete. 
It was mentioned earlier that the concrete used 
for the encasement of the old piers had a strength 
of 2,500 Ib. per square inch at 28 days. In order to 
expedite work, the material used for the extension 
had a corresponding strength at seven days. This 
enabled jacking operations to be resumed some three 
days after a pour. The concrete for the three piers 
at the west, or lifting-span, end of the bridge was 
prepared in mixers erected on shore, and delivered 
by pumping jen, 2 a 6-in. pipe. The other piers 
were supplied from mixers on the opposite bank. 





It will be seen from Figs. 2 and 3 that the tier of pre- 


Concrete was delivered from these to an elevator 








which rei it to a hopper erected near the 
centre of the bridge. This supplied end-dumping 
trucks which passed backwards and forwards over 
the bridge, carrying the concrete from the hopper to 
the required point of delivery. To facilitate the 
movement of these trucks the railway rails were 
removed from the bridge and a temporary timber 
track laid down, as shown in Fig. 13, on page 468. 

The temporary timber-trestle bridge, which was 
built 100 ft. downstream from the permanent bridge 
was, in itself, a major work. Its construction in- 
volved the use of 24 million feet of lumber and occu- 
pied an average labour force of 110 men for 9} 
months. Several weeks of this period, however 
were lost owing to floods interrupting operations, 
or to delays caused by waiting for material. The 
bridge, which was 1,700 ft. long, consisted of 108 
bays 12 ft. long at the east end; a 157-ft. steel 
truss, situated opposite to the lifting span of the 
railway bridge; and 18 bays of 12 ft. at the west 
end. A general view of the completed bridge is 
reproduced in Fig. 12 on page 468, and it can be seen 
during construction in Fig. 1. 

The bridgé bents were carried on from six to 
eight 12 ini. by 12 in. untreated timber piles varying 
from 30 ft. to 60 ft. long. The centre piles of a row 
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Fic. 6. SHox Temporarity SECURED TO SPAN. 

were driven vertically, but the outer ones were 
inclined, providing an overall width of 40 ft. at the 
tops of the piles at high-water level. The bents were 
fabricated on shore, in sections 20 ft. high, and were 
delivered to site by barge. They were lifted into 
position by two floating cranes, which can be seen in 
Fig. 1, and were secured to the tops of the piles, or 
one above another, by through bolts, cover plating 
and bracing. The general form of the construction 
can be seen in Fig. 14, on page 468. The main 
members were 12 in. by 12 in. and the overall height 
75 ft. The piles were driven with a 5,000-lb. ham- 
mer carried by a 110-ft. jib on a barge. Driving 
was continued until a minimum bearing capacity 
of 22 tone per pile was obtained. The erection of 
the through-truss span was the most difficult opera- 
tion carried out. It was supported at each end on 
five 10-pile bents, as shown in Fig. 15, on page 468. 
After these had been placed and braced together, 
two double 60-in. plate girders were placed one at a 
time. These acted as falsework, and when they 
were in place, the members of the two trusses 
were floated out on barges and erected’ in position 
by the floating cranes, the falsework then being 
removed. The bents carrying the through truss 
were protected from damage by ing shippi 
by means of fenders 200 ft. long. One of these can 
be seen from above in Fig. 15. 

The temporary bridge was built by the staff and 
labour force of the Tennessee Valley Authority, 
which also carried out the encasement of the rail- 
way-bridge piers, The Fehlhaber Pile Company, 
New York, were the general contractors for the 
raising of the main bridge, the Fichter Steel Com- 
pany, New York, acting as sub-contractors for the 


jacking work. 





CONCRETE FLOoRS.—We have received from Messrs. 
Concrete, Limited, Green-lane, Hounslow, Middlesex, a 
copy of a book they have prepared bearing the title 
Bison Information Book. The title is fully justified, 
because the book not only illustrates and describes the 
principles employed in the design and construction of the 
three types of concrete floors which they supply, but 
illustrates, largely by means of isometric drawings, 
n e pl of their applications in practice. 
The floors dealt with are constructed of precast hollow 
reinforced-ooncrete slabs; cast in situ using inflated 
rubber bags to form the lightening spaces ; or cast in situ 
with hollow tiles. Data on loads, spans, defieetions, 
ete., are included in the book, together with much other 
information of use to architects, engineers, surveyors 
and builders. The book, which is well produced and 
strongly bound in red-cloth coyered boards, forms an 
excellent example of modern trade literature. As far 
as the present shortages and restrictions permit, copies 
can be obtained on application to the above address. 
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Introduction to Production Conjrol. By D. Tranti and 
W. F. WALKER. Chapman and Hall, Limited, 37, 
Essex-street, London, W.C.2. [Price 15s. net.] 

In a foreword to this book, Mr. Tiranti writes as 
though production control were almost a new thing 
to British industry. Many of the details of the 
system which he describes no doubt go farther than 
is customary in many large works, and, admittedly, 
small works, as a rule, employ very rudimentary 
methods of production control, so that the authors’ 
implication is probably correct if the pre 

of small firms is taken into account; but the sug- 

gestion that particular systems of forms and graphs 

are necessary to effective production control is 
carried to a somewhat provocative point. The 
authors avoid any suggestion that paper work is 
in itself a measure of the degree of control. Their 
purpose is to describe methods of paper work in 
which all the forms and charts are as logically linked 
with each other as are the processes which they 
schedule. This means that cach item has its 
maximum usefulness, and leads to economy of 
paper work in proportion to the result achieved. 





P!2g |The authors insist at the outset on the necessity 


for the codification of all procedure, such as shop- 
loading, batching, progress, etc., as a ‘‘ Written 
Standard Practice.” 

When they pass on to the details of such procedure, 
the principles of the subject rather tend to become 
smothered by a diffuse text encumbered with what 
must be frankly called jargon. A great point is 
made, for instance, of the fact that the chapter on 
the Production Plan “‘ must be accepted as a 
pioneer development in this field.’’ What it amounts 
to is contained in the sentence: “‘ The Production 
Plan will give all requirements called for by the 
order and will show the planned allocation of time 
permitted,” and it is proposed that this should 
be done by three charts : a “ preproduction chart.” 
to give the starting and finishing dates of the work 
planned for each department, a “‘ target date chart,” 
to show the time allowed for manufacture from 
detail to the finished job, and a “‘ time cycle chart,” 
to show at any given stage, how much of the time 
has been used and how much time is left in hand. 
Examples of such charts are illustrated. Granting 
that it is useful to have the sample charts, it is 
difficult to see that this chapter contains anything 
but the obvious basis of any systematic plan of 
production control. 

The authors do touch the heart of the problem, 
however, in one sentence on the routing of work 
in the factory (a sentence which incidentally is a 
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fair example of the style in which the book is 
written): ‘‘ If this is done in a competent manner, 
it is obvious that it will help to speed up work and 
will be a superb service of essential value to all.” 
Competence is the keyword; organising ability of 
a very high order is required to control factory 
production effectively. Without it, no system will 
work satisfactorily, while the right type of mind, 
if given the chance, will evolve a system suited to 
the particular conditions of the works concerned. 
Suggestions and examples can be of great value to 
the ablest organiser, but in this book they are put 
forward rather as though the subject were an exact 
science. Moreover, just as basic principles should 
be clearly discernible, for the same reason the text 
should be clear and economical of words. The 
authors preface the book with an apology for using 
shop terminology, but when the reader meets the 
term ‘‘plussed up”—presumably “ multiplied ” 
is meant—he may be pardoned for asking himself 
if the authors are setting a good example in what 
is so eminently a matter of clear thinking. In the 
same way, while the text of the book has been 
admirably set up by the printers, the poor lettering 
on the charts is shown up unfavourably, even 
making all allowance for the reduction in size. It is 
the more to be regretted that more trouble was not 
expended in editing the book, because in parts it is 
very much to the point; for instance, when dis- 
cussing the subject of economical batching. 





The Old Clockmakers of Yorkshire. By the Rev.-N. V. 
DINSDALE. The Dalesman Publishing Company, Clap- 
ham, Yorkshire. [Price 3s. 6d. net.) 

TxE subject of clocks and clockmakers is an absorb- 

ing one, for the clock was possibly the first self- 

acting mechanism and clockmakers were the fore- 
runners of instrument makers, if not of precision 
engineers. The interest taken in the subject can 
be gauged from the fact that Britten’s Old Clocks 
and Watches and Their Makers—the “ clock-lovers’ 
Bible ’—has attained to its sixth edition. The 
booklet under review has been obviously a labour of 
love and the outcome of a great amount of research 
and collection of material on the part of the author ; 
we congratulate him on the result and suggest that 
experts in other counties might follow his example. 

His aim has been to trace the remarkable spread of 

domestic clockmaking in Yorkshire in the Eighteenth 

Century, and to set it against the better known, 

because more documented, advance made in the 

art in London. It is true that there were turret 
clocks in the county, notably at York and Halifax, 
but these served obviously a limited area and their 
mechanism rendered them inapplicable for domestic 
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use. Actually, it was the application of the pendu- 
lum to clocks by Christiaan Huygens, éf The Hague; 
in 1657, coupled with the invention of the anchor 
escapement by Robert Hooke between 1666 and 
1675, that set the stage for the advent of the 
domestic clock, After some trial, a ' 





wheel-cutting engines with 
own work. Of course, cabinet makers supplied the 
cases. As time went on, the chamber masters 
insinuated themselves farther into the industry by 
sending out travellers; by the early part of the 
Nineteenth Century, they were supplying complete 
movements and dials with the maker’s name on 
them, so that the local man degenerated to what 
he has remained ly, a retailer. However, it 
was not this, but the advent of the New England 
factory-made clock and the wooden clocks from the 
Bla¢k Forest, Baden, of remarkable cheapness, that 
finally killed the trade. 

- The author dwells interestingly on biographical 
details of the clockmakers concerned. He mentions 
Henry Hindley, of York, the friend of the great 
John Smeaton, himself the great grandson of 
another John, a clockmaker. Hindley is credited, 
erroneously, with having invented the screw-cutting 
lathe. Another man deservedly mentioned at length 
is John Harrison, of chronometer fame, “the 
greatest Yorkshire maker of them all.” 





Civil Aviation and the Export Trade. By S.UADRON- 
LEADER NorM4n J. FREEMAN. The Institute of 
Export, Royal Empire Society Building, Northumber 
land-avenue, London, W.C.2. [Price 63. 6d. net.) 

WHILE civil aviation may have progressed some- 

what slowly between the two wars, it is now gener- 

ally agreed that this method of commercial inter- 
course is going to take a prominent place in the 
international trade of the future. It behoves the 
student of export, therefore, to study the facilities 
and advantages that civil aviation has to offer, and 
the Institute of Export have met an undoubted 
need by including this volume in their series of 
‘“* Books for Students.” By way of introduction, 
the author outlines the development of civil aviation 
and the policy of the present Government inaugurat- 
ing the three primary Corporations responsible for 
civil flying in this country. This is followed by an 
analysis of aircraft operating costs, the examples 
taken being a Hermes, on the route between London 
and Stockholm, and a Bristol Freighter, between 

London and Amsterdam. Descriptions are giyen 

of the various British and American ‘aircraft which 

will be used during the next five to ten years, and a 

section is devoted to international and internal 

air routes, and frequencies of service, which are 
planned for operation over the next ten years. The 

British Empire and Atlantic services are discussed, 

in which connection it is satisfactory to note that 

the author has given due credit to the British 

Overseas Airways Corporation for their extensive 

operations during the war. Reference is made to 

charter, services, and the terms of contract under 
which they function; and a. diagram illustrates 
the necessary compromise between the shortest 
distances and the most favourable routes between 


; | include extracts from the Carriage by Air Act, 1932, 
-jand the Air Navigation Act, 


London and other centres, from the point of view 
of furthering world trade. 

The principles and practice of passenger travel 
and_of freight handling are discussed, the subjects 


es organisation 
amigrati on laws, and the contract 
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provides an excellent introduction for those who 
may ‘be concerned directly or indirectly with civil 
aviation in relation to export trade and may be 
commended for the evident care that has been taken 
to establish accurate facts and figures. 





War On the Line. By BERNARD DARWIN, The General 
Manager’s Office, Southern Railway, Waterloo Station, 
London, $.E.1. [Price 7s. 6d.) 

raiibiea te uke oe the Southern Railway was 
edestined to take a prominent part in any Euro- 

i itain mi however 

the fortunes of that war might fluctuate ; and the 

certainty, seen long before its outbreak, that the 
recent war with Germany would be fought largely 
in the air guaranteed also that the Southern would 
be high in the list of the enemy’s targets. How 
fully these forecasts were realised, and how magni- 
ficently the Southern: Railway staff, from the 
general manager to the least significant of “‘ other 
ranks,” rose to the occasion is admirably brought 
out by Mr. Bernard Darwin in this compact and 
well-balanced review. Something of what the rail- 
way had to endure as a result: of enemy action was 
indicated by the series of articles which appeared 
in our 159th and 160th volumes (1945), and an 
excellent summary of its varied output of munitions 
and military equipment of all kinds was included in 

the recent presidential address of Mr. O. V. S. 

Bulleid, the chief mechanical engineer, to the 

Institution of Mechanical Engineers, which we 

reprinted on pages 413 and 454, ante; but the 

detailed preparations that were made, the immensity 
of the additional transport load that was imposed 
on the system, and the repeated improvisations 
that had to be undertaken, almost without notice in 
many instances, were barely touched upon in those 
records. The evacuation of children from London 
was planned well in advance (and so, apparently, 
was & more extensive evacuation of London’s popu- 
lation, to judge by a poster reproduced in the book), 
but the railway operations arising out of the Dunkirk 
evacuation had to be organised practically im- 
promptu. Attacks by piloted aircraft were expected 
and, sod@ar as possible, guarded against; but the 
flying bombs and rockets posed problems which were 
not contemplated in any pre-war“ appreciation,” to 
use the military term. From the mass of material 
at his disposal, Mr. Darwin has selected with great 
skill sufficient to bring out the part played by each 
main section of the railway’s organisation and, 
as might be expected from his contributions to 
The Times, has linked ‘them into an eminently 
readable narrative. Statistics are quoted where 
necessary, but most of them are added at the ends 
of chapters or collected in an appendix, where also 
is to be found a diagram of Waterloo station, showing 
where the bombs fell; there appear to have been 

67 of them. One of the tables—at the end of Chapter 

TV—may be quoted as a measure of the Southern 

Railway’s special position. It records the number 

of “incidents ” per 100 route miiles of track on each 

of the main-line railways. The Southern’s total of 

170 per 100 miles is nearly double the combined 

totals of the other three systems. Statistics, 

however, present a very unfinished picture. Mr. 

Darwin ‘brings it much nearer to a satisfactory 

completion and succeeds beyond question in 

demonstrating (to quote Colonel Gore Browne’s 
foreword) “‘ what devotion to duty and good team 
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NOTES FROM SOUTH AMERICA. 


THE present political fashion of national economic 
planning has spread to South America and has resulted 
in a startling develo t in. Argentina, where the new 


Government, it may be recalled, was returned by popu. 
lar vote on a ig by nationalistic aims and’ pread 
social reforms. This development takes b Of a 


proposed national Five-Year Plan whieh is vast, in 
conception and generally considered to be by far the 
greatest projected experiment of this nature in Argen. 
tine history. In presenting the Plan to Conyress, 
President Perén emphasised that his Government was 
not. am enemy of capital interests, whether foreign or 
Argentine, provided they confined their activities to 


y | legitimate trading spheres. The object of the Five. 


Year-Plan, he said, was to place the economic wealth 
of at the service of the whole population. 
The Plan includes 27 proposed new. laws, embracing 
every branch of Argentina’s social and etonomic 
activities. It is difficult at this juneture to say whether 
all the schemes are practicable, and there is an inevitable 
tendency to associate the Plan to some extent with 
political ‘‘ window-dressing.” Be this as it may, the 
Plan envisages a total expenditure over the five years 
of not less than 6,662,700,000 pesos, equivalent to about 
400,000,000/. sterling, or an average of about 80,000,0(1()/. 
per annum, commencing on January 1, 1947; As the 
scheme would presumably be financed by the issue of 
Argentine Government bonds, there are fears that this 
may lead to a considerable increase in taxation, and to 
further serious inflation. Argentine public opinion is 
sharply divided, therefore, about the merits of the 
Plan, and there is an inevitable tendency to compare 
it with the Russian Five-Year Plan, from which it took 
its name, and also with President Roosevelt’s Tennessce 
Valley Authority. Enormous sums are earmarked for 
many productive projects over the five years, including 
oilfields, 36,000,000/. ; gas, 16,000,0001 ; waterworks, 
38,000,0007. ; electricity developments, 29,000,000/. ; 
sanitation works, 35,000,000/. ; navigation and ports, 
35,000,0007.; buildings, 40,000,0001; highways, 
33,000,000/.; transport developments, 53,000,000/. ; 
and the Buenos Aires Airport at Ezeiza, 7,000,000/. 
These figures confirm the view that, should the Plan 
be pursued even in part—which seems probable—there 
will be an extraordinarily heavy demand for supplies 
from abroad of engineering, transport and other equip- 
ment. 

Although there has been a large overall increase in 
Argentine imports this year, most important capital! 
goods are still very scaree. [Illustrating the value of 
personal contact with South American buyers, the 
visit to South America of the British Shipbuilding 
Mission has been closely followed by a contract placed 
by the Argentine Government with Messrs. Vickers- 
Armstrongs Limited, on behalf of the State merchant 
fleet, for three 18-knot passenger and cargo vessels of 
18,000 tons; also, following upon previous orders for 
British aircraft, the Argentine Government ordered 
20 de Havilland Dove air-liners for use on tributary 
services feeding those which will be operated between 
the main cities of Argentina by a larger British air-liner, 
the Vickers Viking. Argentina appears willing to enter 
into trade agreements with, or to grant special privileges 
to, any foreign country that can supply urgently-needed 
capital goods, particularly for transport purposes ; for 
example, Argentine buyers of ships may now obtain 
foreign exchange cover in payment at the preferential 
rate of 15-02 pesos per £ (or the equivalent for U.S. 
dollars), while importers of agricultural machinery will 
be allowed in future the normal rate of 17-02 pesos 
per £—provided they prove a corresponding reduction 
in the price of the machinery to farmers—but other 
machinery will continue to be paid for at the special 
rate of 18-31 pesos per £. Locusts are damaging the 
new crops in Argentina and, in order to combat this 
pest, the Government are seeking to buy urgently from 
abroad such items as iron fencing, and aircraft and 
tractors for dusting the crops with insecticides. Prices 
should be quoted, c.i.f., Buenos Aires, payment against 
sight draft. Prompt deliveries are urgent)y required, 
but partial shipments will be accepted if continuous. 
Argentine imports of heavy goods, such as coal, iron, 
wire and tinplates, now come chiefly from the United 
States and Belgium. There is still a great shortage of 
tinplate, which, before the war, was imported mainly 
from South Wales. Small quantities are arriving from 
South Wales and the United States, consigned to the 
large meat-packing companies, but other industries 
are still obliged to use war-time substitutes. American 
tinplate is considered to be of high quality, which may 
be attributed to the more modern character of American 
machinery, and to superior packing. 

The Argentine Chamber of Deputies has voted 
300 million pesos (about 20,000,000.) for rebuilding 
the city of San Juan, which was destroyed by earth- 
quake on January 15, 1944. The project to utilise the 
potential hydro-electric power of the Salto Grande 











work in a great organisation really mean.” 





rapids, on the U: ay River, was apparently approved 
at the meeting of the technical commissions of th» 
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Governments of Argentina and Uruguay, The main 
difficulty that they had to discuss was that of trans- 
mitting power over distances of from 480 to 640 miles. 
The Argentine Government plan is to provide power at 
Jower cost on a national scale by a network of inter- 
connected electrical-power plants. The plan calls 
for the maximum utilisation of hydro-electric power, 
in view of the lack of an adequate supply of fuel. The 
bulk of the power needed by Argentina is expected to 
come from the Salto Grande project, which will provide, 
it is estimated, 3,500 million kWh a year. 

Brazil’s new steel plant at Volta Redonda, 90 miles 
from Rio de Janeiro and the largest in Latin America, 
was Officially inaugurated in. October. The plant 
spreads over an area where, five years ago, there was 
only deserted brushland, and has cost nearly 
25,000,0001. Brazil’s total coal production in 1946 
was 1,959,000 metric tons, compared with 1,856,000 
tons in 1944. A recent decree places the distribution 
of all Brazilian coal in the hands of the Ministry of 
Transport and Public Works, and fixes prices for the 
different types of coal mined in the States of Rio Grande 
do Sul, Santa Catarina, and Parané. The decree also 
maintains the obligation placed upon importers of 
foreign coal to acquire a quota of national coal equiva- 
lent to 20 per cent. of the quantity imported. Pursuing 
widespread schemes for transport development, many 
Brazilian railways propose to expend large sums upon 
electrification, the purchase of rolling stock, etc. ; and 
a recent decree authorised the raising of loans for 
improving or enlarging existing dock installations. 
The Government of the State of Rio de Janeiro have 
been given authority to borrow the amount needed to 
complete the hydro-electric plant at Macabu, which was 
started in 1939 by a Japanese engineering firm. The 
federal district of Rio de Janeiro is to guarantee a loan to 
be obtained from the Federal Savings Bank to finance 
the construction of a second pipe-line from Ribeiraio 
Lages, the main source of the district’s water-supply. 
Owing to the increased urban population, the supply of 
water is only about half that required. 

As in the case of other leading South American 
countries, Chile’s imports of capital goods show a 
rising tendency, although they are still far short of 
the demand. Unfortunately, imports into Chile are 
restricted at present by shortage of foreign exchange, 
and the Minister of Finance has advocated a cautious 
policy, recommending, among other steps, that orders 
for foreign machinery, motors, etc., should be controlled, 
and that imports of iron and sheet steel be permitted 
only if they do not compete with national products, 
which is hardly likely yet. The official Chilean Develop- 
ment Corporation is concentrating chiefly on the esta 
lishment of a steel plant and a copper fabricating 
plant, a large-scale electrification programme, and the 
provision of agricultural machinery. The Corporation 
was formed by the Chilean Government in 1939 and 
has broad powers to expand Chilean manufacturing 
industries. Large credits have already been obtained 
in the United States for this purpose ; Maye mt for 
the steel plant at Concepcidn, close to the Chilean coal 
deposits, which is expected to have an annual capacity 
of 180,000 tons and will produce light structural sec- 
tions, reinforcing steel, and sheets plates. Recently, 
the Corporation applied to the International Bank for 
Reconstruction and Development for loans totalling 
40,000,000 U.S. dols., and to the Export-Import 
Bank of Washington for a new credit of 20,000,000 dols. 
The former loan is intended to finance the electrification 
of railways, hydro-electric power schemes, public 
transport, the development of the timber industry, 
mechanisation of ports, etc.; and the latter, to assist 
the development of oil production and the copper, 
cement a fishing industries, to purchase agricultural 
machinery, and for other purposes. Other credits will 
probably be required later for developments connected 
with the beet-sugar industry and the National Air 
Line. The Corporation recently purchased 250 trolley- 
buses from Canada to ease the public transport situa- 
tion in Santiago. Plans are being studied for the 
construction of a modern airport for Valparaiso at 
Renaca, about five miles from Vinadel Mar. A runway 
to take four-engined aircraft is now in use at the new 
airport at Antofagasta, and there are signs that that 
town is acquiring considerable importance as a junction 
for air services, particularly those connecting with 

tina and the United States. 

enezuela has launched an enormous purchasing 
scheme for general development , following 
upon the recent formation of the official yg 
Corporation. Already, a Government asing 
Mission is visiting the United States and will probably 

roceed later to Canada and Great Britain. Prom 

eae will be the over-riding consideration in the 
placing of orders. Because of large accumulated gold 
and foreign exchange reserves, Venezuela is well able 
to. pay oe the intended purchases, which include 


agricultural machinery; machinery and materials for 
public works, and for port installations; grain silos ; 
equipment for sugar mills; and motors for fishing 
vessels, 


THE ROYAL DOCKYARDS DURING 
THE WAR. 


A WELL-DESERVED tribute to the work of the Royal 
Dockyards during the war is given in a recent Admiralty 


North Sea gave renewed importance to Chatham and 
Sheerness Dockyards. Minesweepers were equipped 
there with special devices against magnetic and 
acoustic mines, and many destroyers and escort 
vessels were serviced, Sheerness became a first-aid 
station for the Channel convoy escorts and was largely 





statement which, for the first time, reveals something 
of its variety and extent, ranging far beyond the normal 
scope of these establishments. In addition to main- 
taining a world-wide organisation for the docking and 
repair of H.M. ships and those of the Allied powers, and 
performing this work with great expedition, generally 
under conditions of extreme secrecy, and often in 
of intensive enemy action, the Dockyards at home 
and abroad were directly concerned with the operation 
and maintenance of naval air bases, naval barracks, 
training establishments, and Fleet bases. Moreover, 
this work was carried on by the professional depart- 
ments with a labour force which released some 7,000 
of its personnel to the Forces and which had to be 
heavily diluted by unskilled labour; at one time, 
over 7,500 women were employed in the Royal 
Dockyards. 

At Portsmouth, which has had a Royal Dockyard for 
more than 700 years, preparations for the invasion of 
Europe began two years before “ D-Day,” as this yard 
was chosen to be the main springboard of the attack. 
In this Dockyard, nearly 1,000 miscellaneous assault 
vessels were fitted out for the Normandy landings. 
The port of Portsmouth was cleared of wrecks; 53 
minor craft were salved; special “hards” were 
prepared for loading landing craft; and more than 
1,100 separate sites for naval stores were prepared in 
the area. The scarcity of berthing space became so 
acute in this area that over 900 new moorings had to be 
laid. Portsmouth Dockyard also undertook the 
construction, wiring and communications of the 
8.H.A.E.F. underground headquarters at Fort South- 
wick, from which the landings were principally directed. 
With the opening of the assault, the work of the Dock- 
yard was increased stil] further during the months that 
followed, and in June and July, 1944, 418 ships were 
repaired and put back into service. 

he invasion preparations had to be carried out witb- 
out interference with the Dockyard’s principal duty 
of the routine maintenance of H.M. ships and shore 
establishments. The battleship H.M.S. Nelson under- 
went an extensive refit, including the repair of mine 
damage and the installation of new guns and equip- 
ment; many cruisers were repaired, some involving 
as much as six months’ work; the Dutch cruiser, 
H.N.M.S. Heemskerck, taken over in an unfinished 
condition when Holland was over-run, was completed 
and modernised in six months. Three liners were 
converted to repair ships, and a vast number of vessels 
of all categories were refitted. Portsmouth Dockyard 
built the first two midget submarines in great secrecy 
and in record time; they were used to train the crews 
who subsequently attacked the Tirpitz. The Dock- 
yard was also responsible for the construction of a 
cruiser, two submarines and two floating docks. 
Another cruiser and two submarines were begun but 
their construction was abandoned with the termina- 
tion uf the war. 

Although most of the ships engaged in the Battle of 
the Atlantic were repaired in commercial shipyards, 
over 200 destroyers were repaired or refitted in 
Devonport during the. first 18 months of the war. 
This Dockyard also refitted and modernised ten battle- 
ships and many cruisers, besides converting liners into 
repair ships for the Far East. Outstanding among the 
many repairs undertaken at Devonport was the work 
done on the cruiser H.M.S. Belfast. Severely damaged 
by a mine, with her back broken and her engines 
dislodged, she required almost complete reconstruction ; 
but some two years later she sailed from Devonport 
virtually a new ship, and helped to sink the Scharnhorst 
in the North Atlantic. Twelve months after H.M.S. 
Exeter returned to Devonport after the sinking of the 
Graf Spee, she left again for further duty, refitted 
with up-to-date armament and equipment. Other 
undertakings included the disguise of H.M.S. Centurion, 
which was fitted with wooden guns and superstructure 
to look like the modern battleship King George V ; 
and the fitting out, in 12 days, of H.M.S. Campbeltown, 
in preparation for the attack on the lock gates at St. 
Nazaire. Part of the invasion fleet assembled at 
Devonport, and the yard had also a big share in the 
new construction undertaken, building an aircraft 
carrier, a cruiser, six submarines and two floating 
docks. The Dockyard staff planned and helped to 
equip the Royal Naval Air Stations at Yeovilton, St. 
Merryn, Henstridge, Culdrose, Arbroath and Crail, 
armament depots at Ernesettle and Trecwn, and 
many decoy sites to mislead enemy aircraft. Followi 
the heavy air raids on Plymouth, the Dockyard suppli 
3} million units of electricity to the Plymouth Corpora- 
tion. The yard itself suffered extensive damage from 
air raids, but recovered 90 per cent. of its former 
oneerey within two months of the last and heaviest 





raid, 
The keeping open of the Thames estuary and the 
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responsible for equipping and repairing the innumerable 
“little ships” of Dunkirk. Chatham, besides com- 
pleting 1,360 refits of ships of various categories, 
supplied stud-welding equipment for tanks and other 
fighting vehicles, fitted out over 2,000 shore establish- 
in December, 1944, supplied and started 
a store-carrier service to naval bases and parties on 
the Continent. 

Although neither Chatham nor Sheerness suffered 
as heavily from air raids as was expected from their 
proximity to enemy-occupied territory, the risk was 
such that, for some time, not many ships bigger than 
destroyers were repaired there. At Chatham, however, 
the cruiser London underwent a major refit, including 

lating with additional armour; the Caledon was 

tted out as an anti-aircraft cruiser; and the Scylla 
was converted between October, 1943, and April, 1944, 
to an escort-carrier flagship. On Chatham’s building 
berths were laid down a cruiser, 12 submarines, four 
sloops and two small floating docks. Much work was 
also undertaken for the Army and the Ministry of 
Supply. Foundry products were increased from 26 tons 
to 86 tons per week, hoses frum 300 to 1,900 per week, 
and oxygen production from 3} million cub. ft. to 
6} million cub. ft. per year. 

The Dockyard at Rosyth, which had been reduced to 
care and maintenance in the years preceding the war, 
had to be rapidly re-opened and developed in 1939 to 
meet operational requirements. Three graving docks 
were prepared for large warships and the yard services 
were mobilised to full war-time standard. The labour 
force in the professional departments was increused 
from 730 in 1939 to 6,100 by 1945. All five battleships 
of the King George V class and some of the new Fleet 
aircraft carriers were sent to Rosyth to complete their 
fitting-out. A large number of major fleet units were 
repaired there and H.M.S. Warépite, damaged by 
mines, was repaired in seven weeks, and al] her 15-in. 
guns replaced. Rosyth was the main assembly port 
for the Norwegian Expedition in April, 1940, and 
supplied ammunition and stores to over 1,200 vessels. 
In common with other Royal Dockyards, Rosyth 
undertook a large amount of industrial production. 

On Italy’s entry into the war, the position of Malta 
became at once both precarious and strategically vital. 
The docking and repair facilities were the best in the 
Mediterranean and to be maintained at al] costs. 
The Dockyard also had to bear a heavy burden of 
damage from continual air attacks. Although 34 shi 
were sunk in the harbour, greatly increasing the diff 
culties of berthing and docking, 1,500 ships were 
docked and repaired there during the war years. The 
difficulties which resulted from the heavy assault of 
the enemy air forces were unprecedented. Shelters 
had to be excavated from rock, and workshops, store- 
rooms and vital machinery sited underground; and 
on the surface there was always bomb damage to be 
repaired. In April, 1942, there were 283 air raids ; 
all of the docks were put out of action; the whole 
electrical distribution system was severely damaged, 
and most of the naval stores were buried under a mass 
of debris. Three months later, the Dockyard was again 
working at 60 per cent, of its previous strength. Short 
of material and of food, Malta Dockyard met not only 
the essential demands of the Navy, but those of the 
Army, the Royal Air Force and the Civil Government. 
Its workshops made everything from tent buttons to 
operating theatres, and at the same time it fulfilled its 
—— function of maintaining the Mediterranean 

leet. Although the employment of women is against 
the customs and traditions of the Maltese, as many as 
700 volunteered at one time and were employed. 

The siege of Malta made it to develop very 
considerably Gibraltar at one end of the Mediterranean 
and Alexandria at the other. The campaigns in Africa, 
the many naval actions, and the invasions in the Medi- 
terranean area meant a great deal of work for them 
and the repeated damage suffered by both naval and 
merchant vessels taxed to the utmost their ingenuity 
and resources. On one occasion, H.M. ships Indomit- 
able, Wolverine, Ithuriel and Nigeria arrived at Gibral- 
tar together, all severely damaged and requiring imme- 
diate repairs. The resources available at Alexandria 
in the early days of the war were limited; there was 
only one Admiralty floating dock and the Admiral 
therefore acquired the Gabbari graving dock, whi 
was the property of the Egyptian authorities. With 
additional machinery and equipment captured from the 
enemy, 3,000 vessels, including merchant chips, were 


— 

rmuda and Simonstown played smaller but signi- 
ficant parts in the Mediterranean and Atlantic cam- 
paigns and their imntunity from air raids gave both a 





useful strategical advantage. Bermuda was a valuable 


port of call between the United States and Europe. 








Many ships damaged in the Battle of the Atlantic 
were repaired’ there, and during the preparations for 
the Melitperancen landings nearly 400 landing craft 
received minor irs before continuing their passage 
across the Atlantic. Simonstown, a stage on the sea 
routes to the Far East and the Mediterranean, was 
used extensively by troopships as well as by naval 
vessels. The aircraft carrier Hermes, damaged in 
collision, was repaired there in 11 weeks, though the 
work involved building 120 ft. of new bow. 

In all the Royal Dockyards, some 97,000 refits were 
completed in the war; and, though they were not 
principally concerned with warship construction, they 
laid down an aircraft carrier, four cruisers, four sloops, 
22 submarines and six floating docks. They executed 
as well many requirements of the Army and of the 
Royal Air Force and undertook countless projects 
outside their normal work. 





INTRINSIC SAFETY OF ELECTRICAL 
APPARATUS. 


Ir has long been realised that the transient arcs pro- 
duced on low-voltage circuits by low-power apparatus, 
such as bells, telephones, signalling and shot-firing 
systems, may ignite mixtures of firedamp and air. 
Pioneer work on methods of rendering such apparatus 
intrinsically safe was carried out by Wheeler and Thorn- 
ton some thirty years ago. It was established that the 
self-induction of a circuit (over a limited range) and the 
current at which ignition was obtained were related by 
an expression of the form L I* = constant, where n 
was about 1-6, but no generally applicable formula was 
worked out and quantitative measurements of the 
effect of such factors asthe material and shape of 
the electrodes, the rate of current decrement and 
the circuit voltage were not made. The present prac- 
tice in determining the intrinsic safety of electrical 
apparatus is still essentially empirical, the procedure 
being to subject every new appliance or circuit to an 
ad hoe test with inflammable gas at the Mining Equip- 
ment Testing Statidn of the Ministry of Fuel and Power. 
The tests used are based on those originally devised by 
Wheeler and Thornton. 

It is the practice to pass as safe any apparatus the 
break sparks of which, on repeated trial, fail to ignite 
an inflammable mixture, but the margins of safety 
which different circumstances may introduce are 
unknown. In view of the increasing elaboration of 
low-power apparatus and circuits in mines, it has 
decided to undertake a quantitative study of the whole 
subject and a report* dealing with some of the results 
obtained has just been published, and is to be followed 
by others. The present report gives the relationship 
which has been found between the inductance in a 
circuit and the minimum current capable of igniting 
firedamp when the circuit is rapidly broken between a 
pointed platinum electrode and a wire. The effects of 
two methods of increasing the minimum igniting current 
have been measured. These are the introduction into 
the circuit of a shunting resistance or condenser ; they 
have been found to be of considerable value when the 
inductance is high and the current correspondingly low, 
but become almost valueless when the working current 
exceeds about one ampere, or, in the case of a condenser 
shunt, when a slow break of the circuit can occur. 

A new “ break-flash ” apparatus has been devised. 
In it, the spark is produced between a fixed rod of 
platinum, or platinum-iridium alloy, 1-3 mm. in dia- 
meter, and a moving electrode consisting of a strip of 
specially-hardened platinum alloy, 5 mm. wide and 
0-23 mm. thick tapering, at an angle of about 20 deg., 
to a fine point at which the break takes place. The 
movement of the moving electrode is controlled by a 
helical spring and the electrode makes a wiping contact 
with the platinum rod when the circuit is broken. The 
rate of separation of the electrodes is controlled by the 
initial setting of the helical spring and does not depend 
on the elasticity of the strip, as is the case in the stan- 
dard testing apparatus. The tests were carried out 
with a methane-air mixture containing 8-3 to 8-35 
per cent. of methane, which is the mixture most 
easily ignited by electric sparks. The inductances used 
were air-cored and had negligible self capacity. They 
ranged from 0-00033 henry to 1-103 henries. The 
apparatus was calibrated by measuring the minimum 
current at which ignition occurred when 100 sparks 
were produced in the mixture, using an inductance of 
0-095 henry. When the rate of separation of the 
electrodes was about’ 10-5 ft. per second and the strip 
point tapered to the correct angle of 20 deg., the mini- 
mum igniting current was 0-165 ampere. This value, 
which is somewhat lower than that used for official 
testing with the standard apparatus, could be main- 
tained readily. 


*. Safety in Mines Research Board. Paper No. 104. 
Intrinsic Safety of Electrical Apparatus. By G. Allsop, 
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been | show that if the rate of separation of the electrodes is 
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The report gives detailed tabulated and plotted 
figures covering the determination of minimum igniting 
currents for air-cored inductances and the effect of 
shunt resistances and capacities on minimum igniting 
current. The general conclusions drawn from the whole 
series of experiments are that when the current inter- 
rupted is the minimum that will cause ignition, the value 
of the energy stored in the circuit prior to the interrup- 
tion is not constant for all values of inductance, but 
increases as the inductance is decreased. The proportion 
of the stored energy effective in causing ignition must, 
therefore, vary with the current that is interrupted. 
The minimum igniting current, however, is related to 
the inductance by an expression of the form LI* = 
constant. This holds good over the whole range of 
inductance studied. The value of the constant will 
vary with the apparatus used, but for air-cored induct- 
ances, and using the new apparatus with a rate of 
separation of electrodes of 10-5 ft. per second, the 
following empirical relationship has been established : 

LI*793 — 0.00366, 

where I is the minimum igniting current and L varies 
from 1-1 to 0-00033 henry. When non-inductive 
resistances or condensers are included in the circuit 
in parallel with the inductive component, the minimum 
igniting current, for circuits including a given value 
of shunt resistance or capacity, is again related to the 
inductance, over a wide range, by an expression of the 
form L I* = constant, but the numerical values of « 
and the constant are altered, « increasing progressively 
as the value of the shunt resistance is decreased, or that 
of the shunt capacity is increased. 

The results obtained regarding the effect of shunt capa- 
city on the minimum igniting current showed that, over 
a certain range, the relation L I* = constant still held. 
Plotted curves showed that as the shunt capacity was 
increased the value of « progressively increased. With 
low inductances, below about 0-003 henry, when the 
currents involved were high, relations were more com- 
plicated and this expression did not hold. Generally, 
for high inductances, a large increase in the minimum 
igniting current can be produced by relatively small 
amounts of shunt capacity. With low inductances, 
where the minimum igniting current is greater than 
about one ampere, large values of shunt capacity are 
required to produce a substantial increase in the 
minimum igniting current. These results, however, 
were valid only for the exact conditions under which 
they were obtained. Other tests not yet completed 


slow, or if an irregular break is made by trailing one 
electrode over the roughened surface of another, 
entirely different results may be obtained. Under 
such conditions, condensers may be relatively ineffec- 
tive as safety devices and, in general, unless the condi- 
tions of use of any piece of equipment are such that 
only a rapid break of the circuit can occur, the incor- 
poration of a shunt condenser as a safety device is not 
recomm 3 





COAL-BURNING GAS-TURBINE 
LOCOMOTIVE. 

Some details of the coal-burning gas-turbine loco- 
motive which is now being constructed by the Allis- 
Chalmers Manufacturing Company, Milwaukee, Win- 
consin. U.S.A., are given in Mechanical Engineering for, 
October, 1946. The locomotive is being built to the 
designs of the Locomotive Development Committee of 
Bituminous Coal Research, Inc., and is expected to be 
in operation within two years. Others will follow at 
later dates. 

The gas turbine, which will have an output of 
3,750 h.p., will be mounted on the same bedplate as 
an axial compressor, a gear-driven electric generator, 
and a regenerator, the combination being installed 
in a cab, which, it is stated, will be no larger than that 
of a present-day standard locomotive. The electric 
generator will be designed to run at a high speed, 
and, since, as a result, its diameter will be relatively 
small, it will be possible to mount the auxiliaries and 
other equipment above it. Special care is being taken 
to make the controls as simple as possible. The air, 
after being compressed in the axial-flow compressor, 
will be heated to a temperature of 1,300 deg. F. before 
entering the gas turbine. It is estimated that the 
shaft efficiency of the combination will be about 24 per 
cent., and that the operating costs will be low and the 
maintenance easy. 

Probably the most interesting fact is the direct use 
of pulverised coal asa fuel. Small size locomotive coal 
will be carried on the tender and will be pulverised in 
equipment which is now being designed by Mr. J. I. 
Yellott, the director of research of the Locomotive 
Development Committee. This equipment will include 
@ “ eoal-atomiser ” for pulverising purposes, as well as 
a rator, which will remove most of the fly-ash from 
the-heated-air stream. As a result, it is stated, smoke 
and cinders will be eliminated. There will also be no 
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THE PANAMA CANAL. 


A SCHEME for the construction of additional lock 
systems at both entrances to the Panama Canal, to 
cope with the gradual increase of inter-oceanic traffic 
and also to constitute a safeguard in time of war, was 
a ved in 1939. On August 11 of that year, the 
United States Congress authorised the construction of 
the locks at an estimated expenditure of 277,000,000 
dols. The scheme, which is called the “ third Jocks 
project ” involves the design and construction of a new 
set of locks at some distance from the existing |ocks, 
the excavation of approach channels to connect the 
new locks with the present Canal channel, and the 
design and construction of ancillary works. The 
original intention was to spread the work over a period 
of ten years, but this was afterwards shortened to six 
years, and excavation work was put in hand, using the 
Canal Authority’s own dredging equipment, on July 1, 
1940. The programme was carried on vigorously until 
May, 1942, when instructions were issued to slow down 
the activities. Under the modified programme, the 
excavations for the new Gatun Locks, on the Atlantic 
side of the Canal, were carried to completion, but work 
on the Pacific side was brought to an end when the 
excavations for the new Miraflores and Pedro Miguel 
Locks had been partly completed. The designs and 
specifications for the new equipment required the con- 
struction of a bridge over the existing Miraflores Locks, 
but the rearrangement of various auxiliary services 
and the construction of emergency electric power 
plants have been completed. Among the items sus- 
pended under the modified p mme were the 
contracts for the construction of the lock structures and 
for the erection of mitre gates and bulkheads. 

The progress made with the work, year by year, 
may be traced from the annual reports of the Governor 
of the Panama Canal for the fiscal years ended June 30, 
1942, 1943, 1944 and 1945. These were prepared, as 
were the reports for previous years, for submission to the 
United States Government at Washington, soon after 
the conclusion of the twelve months covered by each 
report, but owing to the confidential nature of the 
shipping statistics and other information contained in 
them, printing and distribution of the reports were 
held up until the conclusion of hostilities and the 
four reports have only reached this country just 
recently. The latest of the four reports states that, 
during the year ended June 30, 1945, a total of 
2,271,600 cubic yards of material was excavated from 
the a hes to the new Miraflores Locks and that, 
at the end of the year, the excavation work for this 
portion of the scheme was 69 per cent. completed. 
One matter which has frequently given rise to anxiety 
in the past is that of landslides into the Gaillard 
Cutting of the Canal. The seriousness of this is shown 
by the fact that from June 30, 1913, when the Canal 
was opened, until June 30, 1941, the total of the earth 
due to slides removed from the Gaillard Cutting by 
dredging was 51,644,300 cubic yards. Of late years, this 
problem does not appear to have been so acute as was 
formerly the case. Thus, in 1942, no dredging was 
necessary ; in 1943, a dipper dredger worked 29 days 
to remove 94,300 cubic yards of material from land- 
slide areas ; in 1944, the total was 88,600 cubic yards, 
which were dredged in 16 days, and, in 1945, the total 
was only 16,800 cubic yards, which were removed in 
four days. 

The majority of the streets and roads of the com- 
munities in the Canal Zone were built to the standards 
of the period from 1914 to 1924, and are therefore 
inadequate for the weight, volume and greater speed 
of the vehicles now using them. The heavy traffic to 
which these highways has been subjected, particu- 
larly during the war years, has greatly accelerated their 
deterioration and increased the cost of their mainten- 
ance. A sum of 299,000 dols. has now been set aside, 
therefore, to cover the first portion of a six-year pro- 
gramme to re-surface and modernise streets in the 
Canal Zone. During the year ended 1945, work was 
also started on the installation of a water pipeline from 
the Paraiso pumping station to the Miraflores filtration 
installation, in order to increase the capacity from 
235000,000 to 28,000,000 gallons a day. her muni- 
pe cir pone work carried out in recent years 
included the repair and maintenance of the sewerage 
system of the Canal Zone, alterations to timber docks 
at Cristobal, and the construction of two fuelling berths 
for the Navy at Balboa. 

In conclusion, some figures may be quoted from the 
reports showing the gradual return of the Canal to its 
norma! activities. us, in the fiscal year 1945, ships 
made 8,866 journeys through the Canal, as compared 
with 5,130 in 1944 and 4,372 in 1943. The total cargo 
carried was 19,369,141 tons in 1945, against 11,592,677 
tons in 1944, 11,030,105 tons in 1943, 14,187,080 tons 
in 1942, and 25,198,599 tons in 1941. In 1942, 565 
British ships, totalling 4,379,778 gross tons, passed 
through the Canal, compared with 491 vessels and 
3,677,018 tons in 1943; 478 ships and 3,089,304 tons 





need to carry water. 





in 1944, and 636 ships and 4,759,182 tons.in 1945. 
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INTERNAL STRESSES IN 
ALUMINIUM-ALLOY’ PARTS.* 


By L. E. Benson, M.Sc. 


Tue normal heat-treatment applied to many alu- 
ninium alloys, and called for in many specifications, 
involves by seer y from a temperature in the region 
of B00 deg. C. subsequent precipitation-hardening. 
os is not so well known, although it has been referred 
to in the published literature by a number of workers, 
induding Grogan and Clayton, Sachs, von Zeerleder, 
Mortimer and Paige, and Murphy, is that this treat- 
ment may set up internal stresses of dangerous — 
tude. These stresses arise from the differential 


and contraction on quenching, the magnitude of the 
and the 


stress inc’ with the mass of the part 

speed of q i With parts of even moderate 
size, very high stresses can be generated; thus, a 
quenched hardened Duralumin cylinder forging, 


gin. in diameter, actually supplied to make a high-speed 
centrifuge, had ruptured y ener p on machining 
the ends. This example illustrated also the charac- 
teristic distribution of quenching stresses, namely, 
tensile stress in the interior balanced by compressive 
stress towards the outside, as would be e 
as has been demonstrated already by hs and 
yon Zeerleder. 

Clearly, the presence of such high stresses is of great 
importance on account of the risk, not only of internal 
rupture, but of distortion on ining or in service, 
or of failure in service through unsuspected stress 
effects in addition to the caloulated service stresses. 
Experience during the war has shown that these risks 
are not sufficiently appreciated by suppliers of alu- 
minium castings and forgings, by machine-shop execu- 
tives, or by engineers responsible for design and ulti- 
mate serviceability. The author has dome across 
numerous cases of the distortion of aluminium-alloy 
parts resulting from quenching stresses introduced by 
the makers. Furthermore, the wording of the heat- 
treatment clause in some ifications, which permit 
or demand quenching without qualification, is mis- 
leading in suggesting that such a treatment is normal 
and safe, and the author's firm have had to issue their 
own specifications for large and medium-sized forgings 
and castings because it was found unsafe to use existing 
standard specifications. It is the object of this paper, 
therefore, to draw attention again to the risk of 
dangerously high stresses in quenched aluminium-alloy 
parts and to compare two methods of minimising the 
quenching stresses. 

The experiments described below were made on 
wrought metal to D.T.D. 410, i.e., R.R. 56, having the 
following specification analysis: copper, 1-8 to 2-5, 
nickel 0-6 to 1-4, magnesium 0-65 to 1-2, iron 0-6'to 
1-2, silicon 0-55 to 1-25, and titanium 0-05 to 0-15 per 
cent. The experiments, which were carried out several 
years ago in connection with service contracts, concerned 
the effects of: (1) dimensional changes during precipi- 
tation-hardening on quenching stresses; (2) stress 
relief accompanying, or subsequent to, precipitation- 
hardening on quenching stresses; (3) the effects of 
solution-quenching water temperature on in 
stresses; and (4) the effects of stress-relieving treat- 
ment and of increasing quenching water temperature 
on mechanical properties. 

Precipitation-hardening of aluminium alloys is not 
normally accompanied by volume changes of such 
magnitude as will have a significant effect on the 
distribution or magnitude of stresses due to the previous 
quenching operation. This can be demonstrated with 
small quenched specimens, which will contain only low 
quenching stresses, by carrying out the precipitation- 
hardening treatment in a dilatometer. In one such 
test, a }-in. diameter specimen was first solution- 
treated and then placed in a dilatometer and given 
the normal precipitation-hardening treatment at 200 
deg. C., followed by heating to 350 deg. C. At this 
temperature the material became considerably over- 
tempered and softened, but there was no significant 
dimensional change beyond normal expansion and 
contraction. The final dimensions are the same, of 
course, if the specimen is left in the hard state by 
cooling from 200 deg. C. without being given the over- 
tempering treatment at 350 deg. C. 

To investigate the possibility of quenching stresses 
being relieved by plastic flow duritg the precipitation- 
hardening treatment, stress-relief tests were made 
over a range of temperatures, including the normal 
precipitation-hardening temperature. The test-bars 
used were } in. by } in. rolled section, solution-treated 
at 530 deg. C., and hardened at 200 deg. C. in the 
normal way. The procedure was to strain the bars 
in pairs in a frame substantially the same as that 








* Paper entitled “‘ Control of Internal Stresses in 
Heat-Treated Aluminium-Alloy Parte,” presented before 
the Institute of Metals on Wednesday, September 11, 


and | by machining away the outside layers in such a way 


described previously.* The initial fibre stress at the 
surface was 5 tons per square inch, and the annealing 
was carried out for*3 hours at the chosen temperature. 
It was found that very little relief of initial stress 
oceurred at the normal precipitation-hardening tem- 
perature of 200 deg. C., but stress relief occurred 
progressively as the temperature was increased, a 
substantially stress-free condition reached 
after oe ent at temperatures in the region of 
300 deg. C. 

A method of modifying quenching stresses sometimes 
practised is to reduce the severity pred 5am This 
may be done by quenching in oil i of in water, 
or by quenching in warm water instead of cold. The 
following experiments were made to show the influence 
of the temperature of the water on the 
magnitude of the internal stress. Test cylinders were 
machined from a D.T.D. 410 forging and put thro 
the normal heat-treatment (2 hours at 530 deg. C., 
water-quenched, followed by 7 hours to 8 hours at 
175 deg. C.), except that for different bars the quenching 
water was at 15 deg., 70 deg., 85 deg., or 100 deg. C. 
After treatment, the cylinders were machined and 
measured so that a relative estimate of the magnitude 
of the internal stress could be made. This was done 
that the cross-sectional area was reduced 50 per 
cent., and measuring the accompanying in 
length of the remainder. 


TaBLE I.—Relative Internal-Stress Measurements on 
R.R. 56 Cylinders Quenched from 530 deg. C. into Water 
at Various Temperatures. 











Length of Cylinder, Differences, 
In. In. 
Temp. of 
Quench- 2 
Water, A. Cross- After 
Deg. C. |Machined| Section | Harden-| 4 » B-C 
Queuch- | by 50 175 
ing. Per cent.| Deg. C. 
15 9-9812 | 9-9715 | 9-9720 | 0-0007 | —0-0005 
70 10-0008 | 9-9945 | 9-9945 | 0-0063 | —0-0000 
85 9-9447 | 9-9429 | 9-9435 | 0-0018 | —0-0006 
100 9-9835 | 9-9835 | 9-9840) 0O- —0-0005 




















N.B.—A —B is proportional to the magnitude of the internal 
am, B—C shows the negligible effect of treatment at 175 
eg. C. 


TABLE II.—Tensile- Test Results on R.R. 56 Alloy. 





0-1 
Per cent. y.7.8., | Elonga-| "edn. 
Treatment. Stress Tons per; tion, Area. 
Tons per sq.in. |Per cent. Per cent. 

aq. in. 





Stress- Relief Annealing ae x on tin. x 4 in. Heat-Treated 











As treated ™ --1 22-8 26-2 14 17-8 
After 3 hr. at 200 deg. C. | 22-1 25-0 15 15-1 
After 3 hr. at 250 deg. C. 16-0 20-4 14 22-5 
After 3 hr. at 300 deg. C. 8-9 16-0 15 25-3 
Q hing-Water Temp Experiments. 

Quenching water at 
15 deg. C. | 23-0 26-0 1:3 2-5 

Quenching water at 
70 deg. C. | 21-8 25-7 1-5 2-5 

Quenching water at 
85 deg. C. 20°5 24-0 1-5 2-5 

Quenching water at 
100 deg. C. 16-3 21-8 3-2 3°5 











Table I gives the results of the measurements of 
length, and it will be seen that the core of the cylinder 
contracted in length on machining, so that the stress 
system must have been tension at the centre balanced 
by compression towards the surface, as expected 
Incidentally, taking the modulus of elasticity as 4,500 
tons per square inch, the mean stress in the bar quenched 
in cold water is seen to be approximately 4-5 tons per 
square inch, so that the maximum stresses at the 
surface and at the centre must have been considerably 
higher than this, and for a normals tress distribution, 
would be of the order of 10 to 12 tons per square inch. 
Referring again to Table I, no significant change in 
dimensions occurred on precipitation-hardening, thus 
confirming the results of the dilatometric experiments 
referred to above. 

While the above experiments showed that internal 
stresses could be reduced by increasing the precipitation- 
hardening temperature or the quenching-water tem- 
perature, it seemed likely that either method would 
involve some sacrifice of mechanical properties. In 
view of this; specimens which were used for the 
stress-relief tests and for the quenching tests were 





* See Symposium on the Welding of Iron and Steel, 
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machined for extensometer tensile tests. The test 
figures obtained are given in Table II. In compari 
these figures, it should be noted that the material for 
the stress-relief tests was rolled and heat-treated bar 
of only 4 in. by ? in. section, while the quenching test- 
pieces were approximately 2} in. in diameter and had 
been machined from a 2-in. thick forging. There is 
naturally, therefore, considerable discrepancy between 
the two sets of ductility figures. It is interesting, 
however, to find that the ultimate tensile strength and 
elastic properties obtained in the initial tests are’ in 
very good agreement and are not appreciably affected 
by the difference in mass. f 

On. comparing the two sets of tests generally, it will 
be seen that minimising internal stresses by increasing 
the temperature of the quenching water involves less 
sacrifice of strength and elasticity than final stress- 
relief annealing. When the ile strength and the 
0-1 per cent. proof stress are plotted against the 
remanent internal stress, expressed as a percentage 
of the initial stress, it —— that for many purposes 
the best combination of physical properties with low 
internal stress is obtained . quenching in water at 
about 85 deg. C., though to obtain minimum internal 
stresses, water at 100 deg. C. is required. 

It has been shown that the stress system devel 

on water-quenching aluminium alloy parts in D.T.D. 
410 alloy is substantially unaffected by the subsequert 
precipitation-hardening treatment, since the tempera- 
ture is ordinarily too low for stress relief to occur and 
since precipitation-hardening is not accompanied by 
appreciable volume change. There are two possible 
methods of reducing quenching stresses by modifying 
the heat-treatment procedure : (1) the treated part may 
be given a final stress-relieving treatment, or (2) the 
quenching may be made less drastic, as, for instance, by 
increasing the temperature of the ing water. The 
former procedure would probably be carried out most 
conveniently in practice by increasing the precipitation - 
hardening temperature. The former method is used 
by at least one manufacturer of Diesel-engine pi ; 
but the latter method appears to be for 


general ae ene since it involves the 
least ifice of i and elastic properties. 

Under the conditions of the experiments described, 
freedom from internal stress was obtained by quenching 
in water substantially at 100 deg. C.; the tensile 
strength and 0-1 per cent. proof stress were then reduced 
by 4 to 5 tons per square inch, and this treatment has 
been successfully used with very large forgings. 
Quenching in water at 85 deg. C. produced a very 
useful reduction of stress with a sacrifice of strength 
and proof stress of only about 2 tons per square inch, 
and might be suitable for certain work. It is sug- 
gested that the above considerations are applicable to 
other heat-treatable alloys of aluminium. 








INSTITUTE OF MARINE ENGINEERS.—Next year’s 
examinations for admission to the Institute of Marine 
Engineers will be held as follows: students, Aptil 15 to 
18 and October 7 to 10; graduates, May 12 to 16; and 
associate members, May 12 to 19, 1947. Syllabuses of 
these examinations, copies of previous papers, and 
particulars of exempting qualifications, may be obtained 
on application to the secretary of the Institute, 85, 
Minories, London, E.C.3 





HYDRAULIC BRAKES.—We have received from Messrs. 
Automotive Products Company, Limited, a copy of a 
service manual dealing with their hydraulic braking 
system as applied to cars and light commercial vehicles, 
more popularly known as the Lockheed system. After 
giving a brief outline of the working principles, the 
manual describes the methods for adjusting the various 
forms of brakes and the correct procedure for dis- 
mantling and subsequently reassembling the different 
components during overhaul. The manual is fully illus- 
trated and should prove useful to those concerned with 


. | the upkeep of this type of braking system. 





** DIELECTRICS FOR TELECOMMUNICATION PURPOSES ”’: 
COoRRIGENDUM.—Professor Willis Jackson has called our 
attention to the fact that, owing to abridgment, the first 
part of the fourth paragraph of our abstract of his address 
on “‘ Delectrics for Telecc ication Purposes,” which 
appeared on page 427 of ENGINEERING for November 1, 
1946, is inaccurate. This should read: ‘“‘ These silicon 
compounds are structurally quite different from the 
hydrocarbon ones referred to in the preceding section. 
Thus in the former (silicon) compounds no discreet 
molecules can be recognised and their three-dimensional 
structure is held together at every point by primary, 
ionic, bonds. The latter (the hydrocarbon compounds), 
on the other hand, are composed of independent long- 
chain molecules. The individual atoms of these mole- 
cules are attached to each other by primary, homopolar, 
bonds, of strength comparable with that of the ionic 
bond, but adjacent molecules are held together, and the 
overall structure given cohesion, by relatively much 








(Iron and Steel Inst.), vol. II, page 19 (1935). 


weaker secondary forces.” 
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MAGNESIUM-ALLOY DUST-COLLECTING EQUIPMENT. 


MESSRS. DALLOW, LAMBERT AND COMPANY, LIMITED, LEICESTER. 





THE COLLECTION OF MAGNESIUM- 
ALLOY DUST. 


Fies. 1 and 2, on this page, illustrate a plant for 
collecting the dust which arises from the finishing of 
magnesium-alloy castings. This plant has been installed 
by Messrs. Dallow, Lambert and Company, Limited, 
Spalding-street, Leicester in the works of Messrs. 
Rolls-Royce Limited. It is generally known that the 
machining of magnesium-alloy castings is attended 
with risk of fire, and that in the operations of finishing 
by grinding and buffing in which dust is generated, the 
hazard is a serious one. Such dusts, owing to the low 
specific gravity of the material, remain air-borne for a 
considerable time and under certain conditions form an 
inflammable and even explosive mixture with the air. 
Towards the end of the war many parts of magnesium 
alloy for the engines of jet-propelled aircraft were manu- 
factured by Messrs. Rolls-Royce, and since great care 
had to be taken in the matter of dust disposal the 
equipment illustrated was installed. 

Each flexible-shaft grinding machine or buffing 
machine had to have its own separate dust-collection 
unit to comply with the stringent requirements of the 
Factory Acts for the handling of dangerous dusts. In 
Fig. 1, the operators are seen using flexible-shaft grind- 
ing tools which are driven by motors suspended from 
the roof; this point is mentioned so that the motors 
with their loops of supply cable, flexible shafts and 
suspending yokes may be distinguished from the dust- 
collecting equipment. This latter is integral with the 
benches on which the work is handled ; or rather part 
of the unit is extended to’form a bench. The bench 
surface is not solid but is formed of metal tubes with 
Z-in. inters and covered with a synthetic rubber 
(polyvinyl chloride), this covering being necessary for 
safety and also to prevent possible damage to the 
highly-finished surfaces. Any heavy dust can drop 
through the interspaces into a bath of water situated 
underneath them. The light, floating, and particularly 
dangerous dust is drawn into an adjustable nozzle by 
the suction of a high-speed fan. The nozzle, of which 
there is one to each bench, is situated at one end 
of a’ telescopic pipe, which is articulated with a ball 
joint to the end of a U-shaped vertical pipe communi- 
cating with the suction box of each unit. arrange- 
ment will be clear from Fig. 1. The nozzle is attached 
to the pipe by a “ knee ” joint which enables it to be 
swivelled through an included angle of 50 deg. The 
pipe can be turned through a full circle round its axis 
and can be telescoped to any convenient length ; more- 
over, the ball joint allows it to be set at an angle. It 
will be apparent, therefore, that, even with a large com- 








ponent, the nozzle can be set so that the current of dust- 
laden, air drawn into it sweeps immediately over the 
part on which the operation is being performed. 
This flexibility is perhaps better illustrated in Fig. 2, 
in which it can be seen that the parts being polished are 
carried in a tilting jig over the tubular bed. In Fig. 1, 
the motor for the exhausting fan is seen behind the 
nozzle of the second bench from the left. It should be 
noted that the fan is not situated on the suction Pipe 
carrying the nozzle since that would involve the 
passage of the dust through the impeller; it is on the 
discharge pipe, the suction air passing through three 
water submersions in series so that the dust is effectively 
entrained and only clean air is passed through the 
fan. The safety precautions connected with the 
of the plant are of interest. Should the 
velocity of the air in the discharge pipe fall below the 
requisite value for efficient collection of the dust, an 
automatic device immediately stops the motor driving 
the grinding or polishing tool, and the machine cannot 
be restarted until the correct air flow has been restored. 
The motor is also stopped if the water level in the 
washing chamber should fall below the pre-determined 
limit. Further, a time-lag switch ensures that the unit 
fan must run for a period of five minutes before the 
machine can be started up. This is to ensure the 
removal of any gases which may have accumulated 
during stoppage. This safeguard, however, is only 
applied after an appreciable stoppage. It is quite 
possible for an operator in manipulating a component 
on the bench to block the nozzle partly, when the 
automatic stoppage of the machine would occur. 
A delay of five minutes before re-starting would 
mean time lost, so that in such circumstances the 
time-lag switch does not function and, the cause of 
stoppage having been ascertained and removed, 
immediate restarting is possible. In general, the 
electrical controls have been designed so that an 
operator cannot use the tool at his bench unless the 
dust-collecting equipment is functioning satisfactorily. 
This particular installation is not the only one sup- 
plied by Messrs. Dallow, Lambert to Messrs. Rolls- 
Royce’s factory, in which a large number of double- 
pa a machines are used for polishing small components 
held in the hand, the polishing being done by the 
ordinary fabric mop. Each mop has its own carefully- 
designed hood with a suction pipe situated at the 
back just below the spindle centre. The hood effec- 
tively draws away the dust, arising from the polishing 
operation, and a device in it removes any fibres detached 
from the mop so that they are not wound round the 
spindle. These machines, as well as some other types 
used for grinding, etc., are for use with aluminium- 
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Fig. 2. 


alloy components in which the dust is more of a 
nuisance than a hazard. In consequence, though there 
is a separate duct for each tool, the suction effect is 
obtained by the operation of a central plant. This 
ey consists of three large cyclones and three fans. 
he fans handle about 36,000 cub. ft. of air per minute, 
and are driven, through V-ropes, by totally-enclosed 
motors having a total of 78 h.p. The cyclones have a 
static settling device which prevents undue swirling of 
the intercepted dust, with a consequent reduction in the 
wear on the bottom cones. The dust is drawn off from 
the bottom of the cyclones at intervals into receptacles 
fitted on stools, so that they can be handled by a mobile 
electric elevating truck. Two receptacles are provided 
for each cyclone. It may be noted, in connection with 
fire-risk, that an adaptation of the plant shown in 
Figs. 1 and 2 is stated to be working satisfactorily in 
collecting the dust arising from the parting-off of 
rubber hose reinforced with steel wire, an operation 
hitherto attended by a marked hazard of fire. 





Wak ACTIVITIES OF MESSRS. MARSHALL, SONS AND 
CoMPANY.—Meesrs. Marshall Sons and Company, Limited, 
Britannia Works, Gainsborough, have sent us a booklet 
entitled ‘‘ Occupation: Engineers,” showing, largely by 
attractive illustrations, some of their special activities in 
connection with the war. Among these were naval-gun 
mountings, anti-tank guns, and midget submarines, while 
some of the firm’s normal products, such as road rollers. 
were also supplied to the services. The booklet also 
illustrates typical examples of peace-time manufac- 
tures now being fully resumed, such as tractors, engines 
and boilers of various types, wiredrawing machinery. 
tea-drying plant, etc. 

THREAD-MEASURING GAUGES.—We have received from 
Messrs. Hamber Engineering Company, Limited, 15, Chau! 
End-lane, Luton, a leaflet describing the “‘ O0-Vee ” thread- 
measuring gauge manufactured by them. The gauge con- 
sists of a two-turn wire coil resembling a short helical 
spring but with the ends extended to form radial levers. 
Compression of the levers expands the gauge sufficiently 
to enable the screw to be tested to be slipped into the coil. 
The levers are then released and the coils grip the thread 
firmly on the effective diameter. The external diameter 
of the coil is then measured by an ordinary calliper micro- 
meter and the reading is compared with the high and 
low limits stamped on a plate attached to one of the 
levers, The gauges are supplied singly or in sets for 
British Association, British Standard Whitworth and 
British Standard Fine threads. -Different. colours are 





used to distinguish close, medium, or free fits. 
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40-SSEATER OMNIBUS WITH ALL-METAL BODY. 


MESSRS. BRUSH COACHWORK, LIMITED, LOUGHBOROUGH. 











Fie. 2. Horizontat EnGinE MountTep UNDER CHAssIs FRAME. 


40-SEATER OMNIBUS WITH 
ALL-METAL BODY. 


THE experience gained during the recent war in the 
design and construction of all-metal airframes has 
proved invaluable to the coach designer and has made 
possible, to a large extent, the construction of all-metal 
coach and omnibus bodies. It is, perhaps, logical that 
Messrs. Brush Coachwork, Limited, Loughborough, 
should be among the first coachbuilding firms to produce 
an all-metal body for public-service vehicles, as they 
were engaged until quite recently in the construc- 
tion of metal airframes and have made full use of the 
experience gained therefrom in their latest design of 
single-deck omnibus body. The general appearance of 
the completed vehicle is illustrated in Fig. 1, on this 
page, and, with the exception of the floor and a few 
minor interior fittings, the body is of metal construction 
throughout. The body is fitted to a chassis designed 
and manufactured by the Birmingham and Midland 
Omnibus Company, Limited, in which the engine is 
located beneath the frame, and this firm, to whose 
specification the body was designed, worked in close 
collaboration with Messrs. Brush Coachwork, Limited. 
The extra room gained by this method of construction 
is used for the passenger entrance door, which is situated 
in the space usually occupied by the engine, the chassis 
having a pronounced forward overhang in order to 
give sufficient room in front of the wheels. 





Fig.3. 
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In the orthodox coach or omnibus body, the main 
structure is usually of composite steel and timber 
construction, the timber being used for the attachment 
of the body panels and fittings which are held to the 
framing by ordinary woodscrews. This form of con- 
struction, while quite satisfactory, has certain draw- 
backs, such as the high initial cost and the extra weight 
of the timber fittings and facings. Nevertheless, it is 
essential for the body panels to be fitted so that they 








can be removed easily for repair and maintenance, 
and this requirement is met satisfactorily by the com- 

ite form of construction. The els can, of course, 

riveted directly to the main structure by solid 
rivets, but this form of construction is not popular 
with the operators as the interior fittings and trimmings 
have to be removed to give access to the rivet shanks 
when fixing replacement panels. The introduction of 
hollow rivets, however, altered the situation, because, 
with the aid of special hand-tools, it is possible to set 
these rivets from one side of a panel and their removal 
is very simple as they can be drilled out, and the 
rivets, being tubular, automatically centre the drill. 
Messrs. Brush Coachwork, Limited, have made exten- 
sive use of this type of rivet, and, on the body illus- 
trated in Fig. 1, the panels are riveted directly to the 
main body structure, timber fillings and facings having 
been entirely eliminated. 

The main structure is built up from thin steel girders 
of various forms. The longitudinal side members are 
of channel section with the edges turned inwards to 
give greater strength, while the main pillars are of 
hollow-steel H-section formed from solid-drawn tubing. 
A section through a pillar is given in Fig. 4, while 
Fig. 3 shows the method of joining the fence-rails a 
to the main pillars b, and is typical of the construction 
employed throughout. The pillars are reduced in 
width between the windows by turning in the edges 
of the flanges as indicated by the dotted lines ¢ in 
Fig. 4. The longitudinal members and the cross- 
members for the floor framing are made from nickel- 
steel bulb-angle sections and the roof is constructed 
from channel-section girders with outwardly turned 
edges. The body is braced at the top by cast aluminium- 
alloy brackets, which also serve to carry the parcel 
racks, and at the bottom by forged-steel brackets which 
connect the floor cross-members to the main pillars. 
During manufacture, the sides, the end, the cab and 
the roof are all treated as separate units, being assem bled 
in jigs, and each part for these sub-assemblies is = 
and machined to a template, thus ensuring comp 
interchangeability. 

The sub-assemblies are joined together in the usual 
manner by solid iron rivets. only the body panels 
being fixed by hollow rivets. The type of rivets 
employed, commonly known as “‘ Pop” rivets, are 
manufactured by the Geo. Tucker Eyelet Company, 
Limited, Walsall-road, Perry Bar, Birmingham, 22, 
and were described in ENGINEERING, vol. 158, page 505 
(1944), but a brief description may be given here. The 
rivet used is of the standard hollow pattern with flanged 
head, and it is set by means of a mandrel, which is 
used in conjunction with a specially designed hand tool. 
The mandrel, which is similar in shape to an ordinary 
wire nail, is pushed through the rivet until the head 
of the mandrel contacts the base of the rivet shank, 
at which position approximately 1 in. of the mandrel 
projects above the oe of the rivet. The projecting 
portion of the mandrel is pushed into a hole formed in 
the special tool, so that the head of the rivet rests 
against the anvil of the tool and the shank of the rivet 
is then inserted into the prepared hole. Air under 
pre sure is admitted to the tool which, by acting on a 
piston, inter-connected with a suitable linkage, causes 
the mandrel to be gripped firmly and then drawn into 
the tool. The head of the mandrel is, therefore, pulled 
against the shank of the rivet, which results in the 
projecting portion being shortened and thickened, 
while, at the same time, the two members to be joined 
ate pulled together and the body of the rivet expanded. 
The tractive force breaks the mandrel, the stem of 
which is reduced in area, just below the head, and the 
portion remaining in the tool is automatically ejected. 
The head of the mandrel is trapped within the rivet. 

The complete vehicle is of good appearance and 
despite the fact that the engine is located beneath the 
chassis in approximately the mid-position, accessi- 
bility has not been impaired. The position of the 
engine on the chassis can be seen in Fig. 2. It is 
mounted horizontally and towards the offside of the 
chassis, so that the cylinder heads, valve gear and fuel- 
injection pump project beyond the offside chassis side- 
member, which is upswept in order to increase the 
ground clearance and braced internally to compensate 
for the extra load imposed by the weight of the engine. 
The engine is connected to the chassis frame through 
three flexible mountings, a cylindrical moulded rubber 
bush being incorporated in the two front mountings, 
which can be seen in Fig. 2, while at the rear, the engine 
is supported through the clutch housing, which, in 
turn, rests in a circular cradle fitted with rubber pads. 
The engine, which was designed and built by the Bir- 
mingham and Midland Omnibus Company, Limited, is 
of the six-cylinder, compression-ignition type, having 
a bore and stroke of 44 in. and 5} in., respectively, and 
develops 100 brake horse-power at 1,750 r.p.m., the 
maximum torque being 350 lb.-ft. at 1,000 r.p.m. The 
cylinder block is cast in one piece with the crankcase, 
and the crankshaft is carried in seven main bearings 
which, together with the bottom-ends, are of the steel- 
backed, lead-bronze type. The fuel-injection pump, 
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which is of the monobloc type, is driven from the front 
of the timing gear and is fitted with a standard centri- 
fugal governor. Cooling, which is on the thermo-syphon 
principle, is assisted by a centrifugal pump driven by 
twin belts from the front of the crankshaft, the radiator 
being situated in the usual position at the front of the 
chassis, 


The drive from the engine is transmitted to the gear- 
box through a single dry-plate clutch, the clutch hous- 
ing being integral with the engine. The gearbox is a 
separate unit of the constant-mesh type, giving four 
forward speeds and one reverse speed, the ratios 

ing 4-55 to 1, 2-74 to 1, 1-617 to 1 and 1 to 1 for 
the four forward speeds and 5-88 to 1 for reverse. The 
rear axle is of the overhead-worm, fully-floating pat- 
tern, the final drive being set towards the offside of the 
chassis; the ratio is 5-2 to 1. Semi-elliptic springs 
are fitted to both the front and rear axles, and the 
wheels are i with 9-00 x 20 tyres. Four- 
wheel Lockheed hydraulic brakes are fitted, which are 
assisted by a continuous flow servo-pump driven from 
the transmission. The body is connected to the chassis 
through eight ‘‘ Silentbloc ” rubber mountings, which 
effectively dampen vibration and prevent fracture of 
the body cross-members due to chassis flexure. 

Generally, the vehicle well illustrates the latest 
trends in the design of public-service vehicles. By 
adopting the all-metal form of body construction, con- 
siderable weight is saved without impairing the strength, 
and by locating the engine underneath the chassis, 
seating accommodation is provided for 40 passengers. 
In general, the vehicle affords a good example of what 
can be achieved by close collaboration between the 
chassis-builder and the coachbuilder. 





THE SAUNDERS-ROE JET- 
PROPELLED FIGHTER FLYING BOAT. 


Some preliminary particulars of what we believe to 
be a novel type of aircraft, which is now under con- 
struction by Messrs. Saunders-Roe, Limited, 45, Par- 
liament-street, London, S.W.1, have been issued by 
the firm. This aircraft, which is claimed to combine 
the performance of a modern fighter with the character- 
istics of a flying boat, is a single-seater machine pro- 
pelled by two Metropolitan-Vickers F2/4 jet motors 
which are totally enclosed in the hull, the single air 
intake being located in the bow and the outlets aft 
of the trailing edge of the wing on each side. A high- 
wing arrangement has been adopted, with a single 
fin and rudder. The wing has a span of 46 ft., with an 
area of 415 sq. ft.; it is of singl construction, 
with a high-speed type profile, and is fitted with floats 
which are retractable in flight. The length of the hull 
is 50 ft. and the beam 6-83 ft. ; its construction follows 
the firm’s latest practice, being built up on closely- 
spaced frames and relatively light stringers. The pilot 
is located in a pressurised cabin forward of the wing 
and an emergency ejection device is fitted. It is 
claimed that the twin-unit power installation gives 
particularly good flight characteristics with one unit 
only, the resultant fuel economy of single-engine 
operation giving increased radius of action. 

Regarding the applications of the fighter flying boat, 
it is pointed out that thistype of aircraft is independent 
of fixed bases, so that the starting point of a striking 
foree can be brought much nearer the objective than 
would be possible with land-based aircraft—a circum- 
stance which would also compensate for the restricted 
range of jet-propelled machines due to the heavy fuel 
consumption. If, due to enemy action, the aircraft 
should be forced to alight on the sea, the danger to the 
flying boat would be obviously much less than that to 
which a land-type machine would be exposed in the 
same circumstances. It will be clear, however, that 
the difficulties involved in mooring and handling a 
flying boat on the water would render a single-seater 
machine of this type impracticable unless special pro- 
vision were made for facilitating the operation. The 
SR/A1, as this machine is called, has been provided, 
therefore, with a specially designed mooring hook which 
will enable the pilot to pick up his moorings without 
leaving his cockpit and without any external assistance. 
Doubtless further particulars of this interesting aircraft 
will be available for publication at a later date. 





THE CHEMICAL Socrety’s FarRaDAy LEcTuRE.—Sir 
Robert Robinson, P.R.S., has accepted the invitation of 
the Council of the Chemical Society to deliverthe Faraday 
Lecture, during the Society’s centenary celebrations, on 


BRITISH STANDARD 


SPECIFICATIONS. ‘ 
Tue following specifications of ineering interest 
have been issued by the British Standards Institution, 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
S.W.1, at the price quoted at the end of each paragraph. 
Electric-Discharge Lamps.—Last year, the British 
Standards Institution issued a schedule of dimensions 
for various types of electric-discharge lamps for general 
purposes, including the mercury, ‘mercury fluorescent, 
mercury dual, mercury tubular fluorescent and sodium 
types. A new edition of this schedule, B.S. No. 1270- 
1946, has been published recently. In addition to 
tables of dimensions, the new publication contains 
figures relating to the nominal efficiencies and life of 
the lamps. e efficiency and life values quoted are 
estimates of the minimum average values for the lamps 
at present available. [Price 2s., postage included.] 
Rubber-Insulated Cables.—War-time conditions has- 
tened the introduction of polyvinyl chloride (P.V.C.) 
insulated cables as an alternative to rubber-insulated 
cables and a number of modifications to B.S. No. 7, 
covering rubber-insulated cables and flexible cords, 
were made to meet these conditions. Some of these 
modifications are now being retained as permanent 
revisions of the specification; others are being re- 
tained for the time being with the intention of being 
dropped eventually ; others again have been entirely 
cancelled. This state of affairs has been put into 
effect through the publication of a 1946 edition of 
B.S. No. 7, to which is added a supplement relating 
to P.V.C. cables, and a leaflet entitled “ Transitory 
Relaxations.” All the usual features of the specifica- 
tion have been retained in substance, but various 
changes in detail] have been introduced in connection 
with the c -over from war to peace-time conditions. 
The main specification and the supplement are issued as 
a single publication, the price of which is 3s. 6d., postage 
included. The Transitory Relaxations are issued sepa- 
rately as an amendment slip, under the reference 
P.D. 540. Copies of this are available on application 
to the Institution. 





BOOKS RECEIVED. 


Transactions of the Institution of Civil Engineers of 
Ireland. Volume 72. Session 1945-46. June, 1945, 
to May, 1946. Offices of the Institution, 35, Dawson- 
street, Dublin. 

The Ohio State University. Engineering Experiment 
Station. Circular No. 49. Ohi0d’s Mineral Resources. 
III. Salt Reserves. By PROFESSOR GERARD C. GAMBS 
and GEorGE W. Ware. The Director, Engineering 
Experiment Station, The Ohio State University, 
Columbus 10, Ohio, U.S.A. 

Soviet Transport: Rail, Air and Water. By PROFESSOR 
V. OBRAzTSOV and others. “ Soviet News” Offices, 
630, Grand Buildings, ‘rafalgat-square, London, 
W.C.2. [Price 1s. 6d. net.) 

Marconi, 1939 to 1945: A War Record. By GEORGE 
GopwWIN. Chatto and Windus, 40 to 42, William TV- 
street, Strand, London, W.C.2. [Price 108. 6d. net.) ,. 
The National Atlas Series of Maps. Printed in colour. 
Scale: 1/625,000, or about ten miles to one inch. 
Land Classification. Sheet 1.—Scofland. Compiled 
by Dr. L. DupLEY Stamp from information collected 
by the county reports of the Land Utilisation Survey 
of Britain. [Price 5s. net.) Vegetation. Sheet 2.— 
England and Wales. Grasslands of England and Wales. 
Compiled in 1940 by the Welsh Plant Breeding Station, 
on behalf of the Ministry of Agriculture and Fisheries. 
[Price 5s. net.] Maps Office, Ministry of Town and 
Country Planning, 32, St. James’s-square, London, 
S.W.1. ° 

Industrial Injuries. By H. SAMUELS and ROBERT 8S. W. 
POLLARD. Stevens and Sons, Limited, 119 and 120, 
Chancery-lane, London, W.C.2. [Price 3s. net.] 

The Institute of Metals. Metallurgical Abstracts (General 
and Non-Ferrous). New Series. Volume 12. 1945. 
Edited by N. B. VAUGHAN. Offices of the Institute, 
4, Grosvenor-gardens, Westminster, London, 8.W.1. 
The Journal of the Institute of Metals. Volume LXXI. 
1945. Edited by N. B. VAUGHAN. Offices of the 
Institute, 4, Grosvenor-gardens, Westminster, London, 
8.W.1. 

Ministry of Fuel and Power, and the Department of 
Scientific and Industrial Research. Domestic Heating in 
America. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 3s. net.] 

Collection Armand Colin. No. 243. Les Radiations. By 





Wednesday, July 16,1947, in the Central Hall, Westmin- 
ster, London, S.W.1. The lecture will constitute the prin- 
cipal scientific event of the celebrations. The Faraday 
Lectureship was found@d in 1867 to commemorate 
Michael Faraday’s association with the Society, and, in 
normal times, the lecture is delivered every three years. 
The: Lectureship is the highest honour which the 


PROFESSOR CHARLES FaBRY. Librairie Armand Colin, 
103, Boulevard Saint-Michel, Paris (5e). [Price 
60 francs.) 

Gears. A Book of Reference for Engineers Concerned with 
the Design, Manufacture, Application or Maintenance 
of Gear Drives. Second edition. By Dr. H. E. 
Mernritr. Sir Isaac Pitman and Sons, Limited, Parker- 


Nov. 15, 1946. 


PERSONAL, 


The Board of Governors of the College of Aeronautics 
have appointed Group CapraINn R. C. HOoKEY, }).3,0, 
D.F.C., to’be head of the Department of Flight. «1d Mg. 
N.S. Murr, B.Sc., A.F.R.Ae.S., to be head of the Depart. 
ment of Propulsion. 


Mr. GEORGE Barrik£, M.I.N.A., chairman and )ianag. 
ing director of Messrs. Barclay, Cufle and Coiipany, 
Limited, Whiteinch, Glasgow, has beenelected Prosident 
of the Shipbuilding Employers’ Federation for the oming 
year, in succession to Mr. T. Morison, M.I.N.\. Sip 
WILFRID AYRE, already a_ vice-president, becomes 
senior vice-president. Mr. F. W. DUGDALE, M.I.N.A.. 
M.I.Mar.E., and Sm Lawrie Epwarps, M.I.N.A.. haye 
also been elected vice-presidents. Mr. C. STEPHENsoy. 
M.I.N.A., has been made chairman of the Conference 
and Works Board, and Mr. V. S. MANGHAM. vice- 
chairman. 


Mr. A. B. STRACHAN, M.Inst.C.E., M.L.Struct.b.. has 
relinquished the position of constructional engineer of 
the General Electric Company, Limited, for )ecaith 
reasons. His association with the company, which 
extends over 28 years, will be continued in a consult ative 
capacity. Mr. R. BENNETT, A.M.I.Struct.E., has been 
appointed constructional engineer in succession to Mr. 
Strachan. 


Mr. H. C. Youne, M.I.Mech.E., A.M.I.E.E., F.1.R.1., 
is retiring from the full-time position of chief sales 
engineer to Messrs. Rubber Bonders, Limited, Flexilant 
Works, Dunstable, Bedfordshire. Mr. Young, however, 
will continue to be available in a consultative capacity. 
Mr. W. Boyle, A.M.I.Mech.E., is joining the staff of the 
firm as chief sales engineer. 


Masor W. O. Davies, A.M.Inst.C.E., A.M.Inst.M. and 
Cy.E., M.R.San.I., of Hatch End, Middlesex, has been 
appointed to the Colonial Service as an engineer in the 
Public Works Department, Hong Kong. 


Mr. A. T. THORNE has resigned his post as joint 
managing director of the Manganese Bronze and Brass 
Company, Limited, 63, Grosvenor-street, London, W.1, 
but continues as a director of the company. Mr. R.N. 
RICHARDSON and Mr. F. J. Tecror have been made 
joint general managers of the company’s marine business 
at Birkenhead. 


Mr. I. A. MaRRIOTT has joined the boards of Associated 

British Oil Engines, Limited, and British Oi] Engines 
(Export),Limited. Mr. A. P.QUARRELL, A.M.I.Mech.E.. 
has been appointed managing director of British Oil 
Engines (Export), Limited, and sales manager of Asso- 
ciated British Oil Engines, Limited. 
Mr. G. THompson has been appointed vice-chairman 
of Messrs. H. W. Ward and Company, Limited, Dale-road 
Selly Oak, Birmingham, 29. Mr. E. W. Frecp has been 
made managing director of the firm. 


Mr. Pamir Stanpury, D.F.C., has been appointed 
chief test pilot of the Gloster Aircraft Company, Limited. 
as from November 1. This enables Mr. Eric Greenwood, 
0.B.E., the present test pilot, to take charge of the tech- 
nical sales department. 

Mr. JoHN VicKERS, formerly foundry manager of 
Rolls-Royce Limited, Hillington, Glasgow, and latterly 
director and general manager of Renfrew Foundries. 
Limited Hillington, Glasgow, 8.W.2, has now severed his 
connection with this firm. 


Mr. J. NEAL has been appointed assistant regional 
manager for the Northern Area of the Raw Materials 
Group of Messrs. George Cohen, Sons and Company. 
Limited, with headquarters at. Coborn Works, Tinsley. 
Sheffield. Mr. R. B. PocKLINGTON has been made area 
manager in Newcastle. 


Mr. ANTHONY BvuLL, O.B.E., has been appointed 
acting chief staff and welfare officer, London Passenger 
Transport Board, 55, Broadway, London, 8.W.1. 


Mr. J. W. HABERSHON has been elected a director of 
Arthur Lee and Sons, Limited, Sheffield, in succession to 
the late Mr. P. J. HABERSHON. 

Mr. F. ©. I. Owen, M.1.Mar.E., has resigned his 
appointment as an engineer surveyor with Lloyd’s 
Register of Shipping to take up a post as staff surveyor 
with the Salvage Association, New York. 


Mr. RONALD BELCHER, who was engaged for many 
years on research work in the Department of Fuel Tech- 
hology, University of Sheffield, and was appointed 
scientific officer to the British Coke Research Association 
in 1944, has been made lecturer in analytical chemistry at 
the University of Aberdeen. 


Mr. F. C. WALSH, M.I.Mar.E., has been appointed « 
boiler and mechanical surveyor to the Cornhill Insurance 
Company. 

Messrs. G.P.U. Limrrep, 6, Southampton-place, Lon- 
don, W.C.1, have established a northern branch, for 
which purpose an agreement has been made with MEssrs. 
J. I. HALEY AND Company, of Huddersfield, to act as 








Chemical Society has in its power to offer. 


street, Kingsway, London, W.C.2. [Price 30s. net.) 








the organisation's northern depot. 
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NOTES FROM “THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Steel production is slowly recovering 
from the after-effects of the prolonged strike of brick- 
layers. The weekly ingot output is many thousands of 
tons below the full normal capacity, but it is understood 
that full working will not be possible for many weeks 
yet. The main topic this week is the cut in the supply 
of sheets to the motorindustry. There is some mystifica- 
tion regarding this matter, and the Ministry of Supply 
pas refused to release information on the actual cut. 
Some steel representatives have suggested that the 
motor industry have been banking on increaséd supplies 
to meet their 1947 programme of expansion, and are 
disappointed to learn that their quotas will not be large 
enough to meet it, but this does not necessarily mean that 
current supplies are to be cut drastically. The local 
demand for sheets is formidable, and delivery dates have 
lengthened to 8 or 9 months. Regular consumers, how- 
ever, are still getting sufficient to keep them working 
fairly steadily. Plates are also difficult to obtain and 
ordinary business could hardly be placed for delivery 
under six months. Shipbuilders and engineering con- 
cerns, however, are still getting regular deliveries. Loco- 
motive and wagon builders and power-plant manufac- 
turers have all been pressing for increased tonnages of 
plates, sheets, and angles. The home market generally 
is somewhat limited in the range of steels available, owing 
to the restrieted output. Makers of special alloy steels 
are perturbed by the threat of a curtailment in motor 
manufacture. 

Scottish Coal.—Supplies have continued very satis- 
factory during the past week, considering the general 
shortage of fuel throughout the country. The men are 
working better than they have done for more than a 
twelvemonth, and absenteeism is slightly lower also. 
4 few stoppages, some avoidable, but others due to inter- 
ruption of power supplies and other causes outside the 
control of the industry, have occurred in the Glasgow 
area. House coal has been allocated in full to merchants, 
and this has enabled the latter to compiete their pro- 
gramme in a much more satisfactory than was the 
case last year. With the winter-target stocks now 
practically completed, the position may be said to be as 
strong as it can be made in present circumstances. 
Graded fuel is in strong demand. Local public-utility 
undertakings need all they can get as their stocks are 
not yet as ample as is desirable. Nevertheless, with 
fully three to four weeks’ supply on hand at electric 
power stations and gasworks the outlook is not so bad 
as was anticipated. ° 

Scottish Tubemaking Developmen}.—Mesers. Stewarts 
and Lloyds have given some details of their plant exten- 
sions at Clydesdale Works, Mossend, Lanarkshire. Four 
new basic open-hearth furnaces are being installed, 
together with -ancillary equipment for casting pits, 
moulds, stopper gear, and the preheating of refractories. 
The new furnaces will be of 60 tons capacity, producer- 
gas fired, and are designed for the production of high- 
quality steel castings for tubemaking purposes. A new 
mill of the Pilger type is also being built, capable of 
handling up to 1,500 tons of steel a week, and making 
seamless hot-finished tubes up to 16 in. in diameter. 
Half the new steel output will be utilised at the works and 
the balance supplied to the other Scottish tubeworks of 
the company. The steel furnaces should be ready early 
next year, and the tube mill towards the end of the year. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.— Better supplies of pig-iron are reaching 
the steelworks, but a bigger production of finished iron 
would be welcomed. No relief from the shortage of 
supplies of high-carbon steels can be reported, andit seems 
likely that until it is possible to secure imports from the 
United States, branches of Sheffield industry will be 
hampered. Already there is restriction of exports of 
high-carbon steel products, and overseas business which 
has been booked in the agricultural implement and 
machinery trades has been arrested. More skilled 
labour in the light-rolling mills is necessary if steel sheets 
and bars are to be produced in sufficient quantities for 
the consuming industries. The demand for stainless 
steels is heavy, but in this case also the lack of labour 
for sheet polishing is a difficulty. Other high-grade 
alloy steels are in sustained demand. . 

South Yorkshire Coal Trade.—Coal production is fairly 
well maintained, but trade-union leaders consider that 
outputs could be improved appreciably if the miners 
pulled their full weight. Allocation of supplies is being 
revised to prevent industry from .béing .brought to a 
standstill owing to lack of fuel. The house-coal market 


has to rely to a large extent on screened, outcrop coal ; 
in Sheffield and district, retail merchants state they are 
to receive only sufficient coal to provide 12 cwt. instead 
of 15 cwt. per household for November, December and 
January. “House-coal is to be diverted to the staple 
industries, and in some cases to coke-works. 
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NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—Producers of most descriptions of 
iron and steel have heavy commitments and are unable 
to keep abreast of their delivery obligations. ‘The fuel 
situation, shortage of skilled labour, and other formidable 
obstacles to increased production continue to confine the 
saleable parcels of commodities within narrow limits. 
Pig iron distribution is fairly satisfactory but is no more 
than sufficient for current needs, notwithstanding the 
free use of cast-iron scrap, machinery metal and good 
steel scrap at foundries and steel furnaces. 

Foundry and Basic Iron.—Consumers of high-phos- 
phorus pig iron are dependent on supplies from 
the Midlands, Cleveland brands of that commodity now 
being virtually unobtainable. Deliveries are being used 
promptly and makers of light castings would be glad of 
larger supplies of ordinary foundry pig. Basic blast- 
furnaces are turning out sufficient.tonnage for the actual 
needs of the local steelworks. 

Hematite, Low-Phosphorus and Refined Iron.—Condi- 
tions in the East-Coast hematite branch of trade enable 
producers to distribute sufficient tonnage to cover home 
users’ requirements but parcels are still carefully allo- 
cated and not available for export. .Low- and medium- 
phosphorus grades of iron are in strong request. Refined 
iron continues ih steady demand. 

Manufactured Iron and Steel.—Semi-finished iron 
makers are giving adequate attention to customers’ 
needs and the demand for most descriptions of. finished 
iron is not excessive, but the pressure for all classes of 
steel is increasing and producers cannot cope fully with 
their delivery obligations. The position in regard to 
steel semies is slightly easier, following rather better 
supplies of imported products, but considerably larger 
quantities of billets, blooms and steel bars are urgently 
needed to cover the requirements of the re-rolling plants. 
Sheet makers’ heavy commitments prevent them from 
accepting new business for supply within six months, 
and producers of shipbuilding requisites have more 
work in hand than they can deal with. The capacity 





NOTICES OF MEETINGS. 
“I is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—North-East Coast Branch: Monday, November 
18,.6.30 p.m., Neville Hall, Newcastle-upon-Tyne. “‘ The 
Semi-Producer as Applied to Central Heating,” by Mr. 
C. E. Holmes. Manchester Branch: Monday, Novem- 
ber 18, 7 p.m., Milton Hall, Deansgate, Manchester. 
** Precipitron Filtration,” by Mr. Frank Wright. 

INSTITUTION OF MECHANICAL ENGINBERS.—Kaést Mid- 
lands Branch : Monday, November 18, 7 p.m., College; of 
Technology, Leicester. ‘‘The Survival of. Steam ‘in 
the Atomic Age,” by Messrs. B. L. Metcalf and R:C. 
McLeod. London Graduates’ Section: Wednesday, 
November 20, 6.30 p.m., Storey’s-gate, St. James’s Park, 
8.W.1. ‘“‘ A Hydraulic System Applied to the Automatic 
Control of Water Gas Manufacture,” by Mr. S.C. Herbert. 
Midland Branch: Thursday, November 21, 5.45 p.m., 
James Watt Institute, Birmingham. Thomas Hawksley 
Lecture on “ Research and Development Applied to 
Bomb Disposal,” by Dr. H. J. Gough. North-Western 
Administration and Production Group : Thursday, Novem- 
ber 21, 6.45 p.m., Engineers’ Club, Manchester. ‘“‘ The 
Engineer’s Share of Responsibility for Coste and Over- 
heads,” by Mr. F. ©. Lawrence. Institution: Friday, 
November 22, 5.30 p.m., Storey’s-gate, S.W.1. Dis- 
cussions on ‘“‘ Continuous Braking of Trains,” by Mr. 
Harold Waghorne ; and “‘ Automatic Couplers for Rail- 
way Rolling Stock,” by Mr. R. I. D. Arthurton. 

INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section: Monday, November 18, 7 p.m., 
Victoria-embankment, W.C.2. “‘ Trend of Modern Tele- 
communication,” by Mr. A. H. Mumford. Radio Settion : 
Wednesday, November 20, 5.30 p.m., Vietoria~embank - 
ment, W.C.2. ‘‘ Voltage Characteristics of Polythene 
Cables,” by Mr. R. Davis, Dr. A. E. W. Austen and 
Prof. Willis Jackson. Institulion: Thursday, Novem- 








of the light-section mills is far below the demand for 
their products. Rails, points and crossings, and chairs 
are in greater demand than the manufacturers can meet 
and orders for pit props, arches and colliery roofings 
are sufficient to ensure the full activity of the producing 
plants well beyond the end of the year. 

Scrap.—Ample quantities of imported iron and steel 
scrap are available to meet the continued brisk demand. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 
The Welsh Coal Trade.— Although other appointments 
to the South Wales Regional Coal Board have been 


announced, the position of chairman has not yet been 


filled. For the time being, therefore, Mr. G. E. Aeron- 
Thomas, vice-chairman, will act as chairman. He has 
had wide experience in the regulation, supply and sale 
of coal since he has been chairman of the executive 
board of the South Wales (Coal Mines) Scheme since 1937. 
Mr. Gomer Evans, has been made Director of Labour ; 
Mr. Douglas A. Hann, Director of Production; Mr. H. 
Lyn Jones, Director of Marketing; Mr. A. Findsay, 
Director of Finance ; and Mr. Wilfred Moeller, secretary. 
Mr. Haan is Firector of production of the Powell Duffryn 
Company, and was one of the seven members that 
served on the Reid Technical Advisory Committee: Mr. 
Lyn Jones is managing director of Pyman, Watson and 
Company, Limited, and in 1942 was appointed Ministry 
of Fuel and Power representative in North Africa. Trad- 
ing conditions have been difficult on the Welsh steam-coal 
market during the past week. The demand has been 
brisk. but supplies, especially for early delivery, have 
been extremely scarce. Business held by producers 
from the railways, public-utility concerns and the prin- 
cipal industrial users is sufficient to account for almost 
the whole of current outputs. As.a rule, order books are 
well filled for the next month or so, and, with domestic 
requirements at their peak, there is little available on the 
market. Shipments to ordinary customers overseas 
were restricted to about 7,000 tons of coke breeze for the 
month of November, but steady deliveries. of some of 
the better sorts were made for bunkering purposes at 
the principal foreign coaling stations, The home demand 
for bunkers was also actively maintained. 





‘* INTERNATIONAL ELECTRIcrTry SUPPLY ”: ERRATUM.— 
We regret that an error occurs in Table I in ‘the article 
on “‘ International Hlectricity Supply,” which appeared 
on page 449 of ENGINEERING for November 8, 1946. 
The populations of} Canada, the United. States, Sweden 
and Russia, given in the first column, should be 10 -376 
millions, 131 -669 millions, 6-266 millions, and 170 -467 
millions, respectively, and not as shown. In Table III, 
page 450, column 4, line 3,kVA should read MVA. 


ber 21, 5.30 p.m., Victoria-embankment, W.C2. “ De- 
velop t and Design of Oolonial Teloo icati 

Gyeteme and Plant,” and “ Planning and Organisation 

of Colo: Tel ication Syst ” by Messrs. C. 











Lawton out Vv. H. Winmson. Measurements Section : 
Friday, November 22, 5.30 p.m., Victoria-embankment, 
W.C.2. “‘ Design of an Ellipsoid Voltmeter,” and “‘ Oali- 
bration of Uniform-Field Spark-Gaps for High-Voltage 
Measurement,” by Dr. F. M. Bruce. 

INSTITUTION OF AUTOMOBILE ENGINEERS. —Glasgou 
Centre : Monday, November 18, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow, C.2. ‘‘ Metallurgy in the Automobile 
Industry,” by Mr. ©. A. E. Wilkins. Lsdon Centre : 
Tuesday, November 19, 7.30 p.m.; George Hotel, Luton. 
“Design of Braking Systems,” by Mr. F. A. S. Acres. 
Also at Cardiff Centre: 'Thursday, November 21, 7 p.m., 
Park Hotel, Cardiff. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, November 19, 6.15 p.m., Magnet House, 
Kingsway, W.C.2. Meeting with InsTrTUTION OF ENGI- 
NEERS-IN-CHARGE. ‘‘ Present-Day Cable Practice,” by 
Mr. J. R. Harding. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, November 19, 39, Eimbank- 
crescent, .Glasgow. 615 p.m., Statutory Meeting. 
Council’s Report for 1945-46. 6.30 p.m!, “ Factories Act 
of 1937,” by Mr. J. Whiteside. 

INSTITUTION OF THE RUBBER INDUSTRY- Panbeny, 
November 19,-6.80 p.m., Waldorf Hotel, Aldwych, W.C;2. 
“‘Clean Handling of Carbon Black,” by Mr. H. Willshaw.. 

RoyaL Unrrep SERVICE INSTITUTION, 7 Wedanety, 
November 20, 3 p.m., Whitehall, S.W.1. “‘ Carrier Ajr- 
craft in Major Landings,” by Rear-Admiral G. N: Oliver. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, November 20, 7 p.m., James 
Watt Institute, Birmingham. “‘ Design of Arc-Welded 
Components,” by Mr. H. Riley. Glasgow’ .Séetion : 
Thursday, November 21, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow. ‘‘ Gear Cutting and Finishing,” by Mri F. J. 
Everest. Eastern Counties Section: Friday, November 22, 
7.15 p.m., Electric House, Ipswich. ‘‘ Motion Study,” by 
Mr. B.'H. Dyson. ‘2 

INSTITUTION OF MINING AND METALLURGY.—Thursday , 
November 21, 5 p.m., Géological Society, Burlington 
House, Piccadilly, W.1. “ Panasqueira Mines, Portugal : 
Wolfram Mining and Milling,” by Mr. J. C. Allat: 

INSTITUTION OF CIvE. ENGINEERS.—Birmingham Asso- 
ciation: Friday, November 22, 6 pan:, James ‘Watt 
Institute, Birmingham. 
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Spring Development,” by Mr. A. E. Bingham. 
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Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


The price per copy of “ENGINEERING” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. At the same time, the 
edition printed on thin paper for foreign circu- 
lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 


Twelve months, including postage, for the 
United Kingdom and abroad £4 10s. 0d. 
and pro rata for six or three months. 


Canada, for twelve months, £4 5s. 0d. 


All current subscription orders will be com- 
pleted at the old rates. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 

of “ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counte for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
83} per cent. for fifty-two insertions. 
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DEVELOPMENTS 
IN CIRCUIT BREAKERS. 


Untit about twenty years ago, the in 

amounts of electrical power which were delivered 
from generating stations and through primary sub- 
stations to the mains were controlled by circuit 
breakers in which arc extinction occurred under 
the surface of oil. To a less extent, this was also 
true of the power passing through the smaller 
substations and utilised throughout industry. It 
was recognised, however, that the employment of 
oil for this purpose had such technical drawbacks 
as local gas production, surging and fortuitous 
contact with the hot arc crater, all of which were 
difficult. to control. In addition, the presence of 
large quantities of oil in confined spaces, quantities 
which naturally became greater as the size of the 
equipment increased, introduced a progressive risk 
of fire, which could not be regarded with equanimity. 
The undoubted advantages of this type of equip- 
ment, combined perhaps with a little of that con- 
servatism which exists even in so progressive an 
organisation as the electrical-engineering industry, 
and with the fact that the oil circuit breaker was 
so widely used, however, supported the common 
opinion that radical changes in its design were 
unlikely to occur. Nevertheless, a number of rivals 
began to appear in the field, some of which duly 
acquired the status of practical utility ; and were 
increasingly employed, not so much in this country, 
as in the United States and on the European Con- 
tinent. Before long, in fact, development took 
place so rapidly that it at one time seemed as if the 
small oil-volume circuit breaker and the air-blast 
circuit breaker might supersede the high-voltage 
fe | oil circuit breaker of the more conventional design. 
This movement was fostered primarily by the 
desire to eliminate the fire risk which was, potenti- 


plete interruption of the circuit. In addition, the 
employment of compressed air for extinguishing the 
arc, as in the air-blast breaker, led, in turn, to the 
use of the same medium for opening and closing the 


apes —. ast Tinian rites ar contacts, not only on the air-blast, but on the oil 
Developments in Circuit Breakers ....... _ 469| breaker. It also made the latter, according to one 
Co-Partnership and Profit Sharing 470 | school of thought, a match for the former as regards 


speed of operation and application to instantaneous 
automatic re-closing. 

These points are well brought out in two papers, 
which were read before the Institution of Electrical 
Engineers on Thursday, November 7. In the first 
of these, Messrs. A. Allan and D. F. Amer dealt 
with “‘ The Extinction of Arcs in Air-Blast Circuit 
Breakers,” while in the second, Messrs. H. E. Cox 
and T. W. Wilcox analysed ‘‘The Performance 
of High-Voltage Oil Circuit Breakers incorporating 
Resistance Switching.”” An opportunity was there- 
fore available for protagonists of the rival systems to 
express their opinions. Apart, however, from the 
fact that the President ruled that this temptation 
was to be resisted, there was enough in both papers 
to enable speakers to deal with one or the other with- 
out unduly indulging in controversy. Comparisons 
were therefore, generally speaking, absent from the 
remarks of the various participants. This is the 
more commendable since the results of the tests, 
which were given in detail in both papers, show 
how greatly the knowledge of the phenomena which 
occur during circuit interruption has increased since 
Messrs. E. B. Wedmore, W. B. Whitney and C. E. R. 
Bruce presented their basic paper on an “ Intro- 
duction to Researches on Circuit Breaking,” in 
December, 1929. 

An example of this greater exactness of know- 
ledge is provided by the electrical and aerodynamical 
data associated with circuit breaking when an arc 
turbulator is used, which was put forward by Messrs. 
A. Allan and D. F. Amer. It may be recalled that 
the turbulator, which, we believe, was first developed 
by H. W. Clothier, is a special form of control device 
by which the arc that occurs when the circuit breaker 
contacts part is blown through a nozzle by com- 
air. The arc is thus forced into a central 


position along the axis of the nozzle. Here it offers 
the maximum drag to the air flow and the ensuing 
aerodynamical conditions may be regarded as a 
series of momentary air disturbances, which are 
brought about by the release of the arc energy. 
The effect is dependent on the length of the arc at 
the high-pressure side of the nozzle and on the 
current flowing, an increase in breaking capacity 
occurring as the pressure at the nozzle is raised. 
Varying the size of the contact gaps causes appreci- 
able changes in performance, and it is essential that 
any stalling of the flow in front of the nozzle should 
be prevented, in order that the ionised gases gene- 
rated by the arc shall not be held back and re-ignition 
thus assisted. It is cleat that, to comply with these 
conditions, the aerodynamical design of the system 
must receive considerable attention. 


Among the essentials in this connection are that 


the capacity of the nozzle feed pipes shall be large 
in relation to the capacity of the local air reservoir, 
so that there is sufficient difference of pressure 
between these two points. The effect of bends in 
the feed pipes on the rete of pressure build-up must 
also be considered, while, unless attention be paid to 
the value of the back pressure, there may be a 
reduction in breaking capacity. Performance may 





ally at least, present when the oil circuit breaker 
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was used. It was also, in some countries, influenced 
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in the air stream; and improved by using high 
boiling point metals, such as the tungsten-copper 
compounds, for making the contacts. Finally, as 
pointed out by Mr. A. Winfield in the discussion, 
practical experience shows that the employment 
of pneumatic pressures of 250 Ib. per square inch, 
which are now common, may give rise to mainten- 
ance troubles in the air system, unless such parts 
as the valves are properly designed and are airtight. 
The importance of these factors is likely to increase 
if the pressures are raised to 1,000 Ib. per square inch, 
as has been suggested in the United States. It is 
clear, in fact, that not only is further research 
into principles desirable, but that close attention 
must be paid to matters of practical detail, if full 
confidence is to be placed in the operational capa- 
bilities of this equipment. 

The paper by Messrs. H. E. Cox and T. W. 
Wilcox put forward the case for the continued use 
of.the oil circuit breaker, in which, as we have 
already pointed out, many improvements have 
been made recently. In so doing, they made the 
important point, which was perhaps unconsciously 
overlooked by the first two authors, that in asses- 
sing the relative costs of the rival systems, it is the 
total expenditure on the whole switching installa- 
tion, and not on the circuit breakers only, which 
must be compared. A circuit breaker is invariably 
associated with either three or six current trans- 
formers and probably with one or more voltage- 
indicating devices. Taking this into account, the 
financial balance, in their view, is almost over- 
whelmingly in favour of the normal oil breaker, 
since the primary insulation necessary for both 
the current transformers and the capacitance voltage 
dividers already exists in the terminal bushings of 
the oil circuit breaker. In the air-blast circuit 
breaker and in the small oil volume circuit breaker, 
on the other hand, separate primary insulation must 
be provided for this purpose. This leads to a cost 
disparity which will persist until fewer current 
transformers are required, or until new methods of 
measurement have been developed. 

The main purpose of the paper, however, was to 
deal with the effect of connecting a damping resistor 
in parallel with the contacts in a tank-type circuit 
breaker. This is done either to assist the restriking 
voltage transient over a whole or part of the service 
range, or to deal with the severe conditions which 
arise when the maximum short-circuit current is 
limited by a reactor. It is claimed that such an 
arrangement, which is known as resistance switch- 
ing, improves the operation of the explosion pot 
at those critical values of the current at which the 
arc length and arcing duration are a maximum. 
It thus increases the voltage rating of the pot and 
reduces the total break time in this critical region. 
Further advantages are that it enables complete 
control to be exercised over the distribution of the 
restriking transient which is imposed on individual 
pots when a series arrangement of pots is used, 
and reduces over-voltages on switching and surges 
on transformers and induction apparatus. A great 
deal of work has been done on this problem, and 
the authors’ views are supported by a complete 
series of tests which should prove of great utility. 

Both these contributions make it clear that the 
research into switchgear phenomena, which is taking 
place partly along parallel and partly along con- 
verging lines, is beginning to produce useful results, 
whether they are considered from the theoretical 
or from the practical points of view. Neither paper, 
however, deals with more than a few problems in a 
very wide field, and an examination of the Journal 
of the Institution of Electrical Engineers and other 
similar publications of both home and foreign origin 
shows that during recent years a number of other 
papers with a similar limited outlook have appeared. 
This is probably inevitable and no criticism is 
intended in referring to the fact. It would seem, 
however, that the time has now come when a 
general paper reviewing the advances that have 
been made in more general terms might be prepared 
so that’ those who are not specialists, or even 
electrical engineers, may obtain a clearer appre- 
ciation of the developments, which have taken place 
in this important field. The preparation of such 
& paper is justified as a tribute to the engineers who 
have been working in this field. 
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CO-PARTNERSHIP AND 
PROFIT SHARING. 


Ir was stated some years ago by Mr. L. W. Mundy, 
at that time Secretary of the Industrial Co-Partner- 
ship Association, that the principle of co-partnership 
is that “all workers shall become partners in the 
business in which they work; such partnership 
will confer the right to share in prosperity or profits, 
to share in ownership or capital, and to come into 
knowledge and consultation about the operations 
of the business.” A shareholder in an industrial 
company, who was not employed in the business, 
might suggest that this definition appears to be 
incomplete. He might say that if an employee is to 
share in “prosperity or profit” he might equally 
share in adversity or loss. Further, that if he is to 
share in “‘ ownership or capital’ then, of necessity, 
he will not be able to avoid participation in the risk 
to which capital is always exposed. To this, the 
Advisory Committee on Policy ‘and Political Educa- 
tion, of the Conservative Political Centre, would 
apparently reply that “whatever there may be 
said in theory to justify the suggestion that, if a 
worker shares in profits he should also be prepared 
to share in losses, it is not a feasible proposition.” 

The idea that workpeople might be spurred to 
extra diligence, and that their loyalty to the organi- 
sation for which they work might be increased, by 
making them some extra payment from its profits, 
is of old standing and many schemes of co-partner- 
ship or profit-sharing have been introduced. The 
simplest is a bonus, in times of prosperity, deter- 
mined on no fixed principle but depending on the 
funds available. A more formal plan is to set aside 
say 50 per cent. of any profit remaining after a 
standard dividend has been paid and to distribute 
it to the workpeople according to some schedule 
drawn up in terms of length of service, wages or 
other items. This plan is better than the simple 
ad hoc bonus as it draws the attention of the work- 
people more definitely to the financial fortunes of 
the organisation for which they work. The simple 
bonus based on no fixed principle is apt to be looked 
upon as a mere present determined by the fact that 
the directors happened to be in a good humour. 
The bonus fixed specifically in terms of profits 
escapes this interpretation, but both have the 
disadvantage that after a few years they come to 
be looked upon as a right, and if they are missing 
in lean times the reaction is more likely to be 
dissatisfaction and criticism than extra effort. 
Profit-sharing of this type is successful only when 
there are any profits to share. Workpeople employed 
by an industrial company are, in general, little 
interested in its financial fortunes and appear to 
give no attention to the faet that if there are no 
profits and no bonus there may, ultimately, be no 
company either. 

In order to achieve the desirable end of giving 
labour a personal interest in the fortunes of the 
organisation which employs it, various schemes of 
co-partnership have beer introduced, the workpeople 
holding shares which may or may not carry voting 
powers. ‘ It is very desirable that shares held by 
workpeople should represent safe investments. 
Their individual capital is likely to be small and 
they cannot risk losing it. For this reason co- 
partnership is not a desirable development in a 
speculative business. Basically, however, all capital 
is potentially liable to loss, even that of the gas 
companies which have formed one of the main fields 
for the application of co-partnership. As is well 
known, the South Metropolitan Gas Company was 
a pioneer in co-partnership, the original scheme 
having been introduced by Sir George Livesey in 
1889. At first, a bonus, determined by the price 
of gas, was paid to the workpeople, but later em- 
ployees’ stock was introduced and it is now required 
of the employee that he shall invest one-half of his 
bonus in that stock, which he is not allowed to sell 
without permission. The company’ has three 
employeé-directors, qualifications for office being 
at least 14 years’ service and the holding of 1801. of 
stock. Schemes of this type have been introduced 
by a large number of gas companies and, at the 
present time, one-half of the capital invested in 
gas undertakings is subject to profit sharing. The 








Gas Light and Coke Company has 19,192 partici. 
pating employees. 

The gas industry is a particularly suitable type 
of activity for the operation of profit-shuring 
schemes, as prices and sales are normally stable 
over long periods and the employees’ dividend may 
be expected to be paid regularly, but the success 
which has attended its operations in this field 
has not been achieved by industry generally, 
There are some large manufacturing organisations, 
such as Kodak, Limited, and the London brick 
Company, operating profit-sharing with success, but 
a recent publication by the Advisory Committee on 
Policy and Political Education points out that large 
numbers of projects of this kind fail to make good. 
In 1937, as many as 402 schemes were recorded as 
having been discontinued since 1865 ;, 266 were still 
in existence. 

The pamphlet of the Advisory Committee quotes 
figures bearing on the success of profit-sharing and 
co-partnership in the United States, for which, 
apparently, more detailed records are available than 
is the case in this country. Although the figures 
include cases which would not be regarded as 
proper examples of profit-sharing, or co-partnership, 
in Great Britain, their general implication is of 
interest. It indicates that schemes of this kind 
may tend to limit’ the number of strikes, reduce 
labour turnover, and increase its efficiency. It is 
pointed out, however, that these conclusions must 
be discounted to some extent by the fact that the 
firms likely to iritroduce arrangements of this kind 
are also likely to be those in which conditions of 
employment are good. The Committee’s own 
conclusion from a consideration of the British and 
United States evidence is that “ as an incentive to 
better output profit-sharing is inferior to other 
methods of remuneration.” The value of profit- 
sharing and co-partnership “ lies in the creation of a 
loyal team-spirit in the firm and in raising the 
status of the employee by taking him into the 
confidence of the management.” 

This latter statement is of importance. One of 
the demands of the more-highly organised branches 
of labour at the present time is that they shall be 
permitted to take a direct part in the control of 
the businesses by which they are employed. This is 
in conformity with a wide modern trend of opinion, 
and whatever may be thought of the likely industrial 
efficacy of a procedure of that kind, the possibility 
of its application must be accepted. If labour is 
to hold a share in management, it is not only 
desirable, it is essential, that it should also share 
responsibility. One means by which this can be 
achieved is by arranging that labour shall hold a 
share of the capital of the organisation by which it 
is employed. The statement of the Advisory Com- 
mittee that the sharing of losses by workers is 
“not a feasible proposition”’ has already been 
quoted, but in another part of the pamphlet, refer- 
ring to the gas industry, it states ‘‘ the employee runs 
little risk of a capital loss.” It does not say he 
runs no risk. This is as it should be. No useful 
or profitable control can be exercised by an indivi- 
dual unless he has a stake in the results of his own 
activities, and a direct method by which that can be 
ensured is by workpeople holding shares in the com- 
pany employing them and which they desire partly 
to direct. 

It-has already been said that “‘ it is very desirable 
that shares held by workpeople should represent 
safe investments,’ but the conclusion to be drawn 
from that remark is not that they should not hold 
shares in manufacturing companies, but that they 
should avoid doing so in speculative businesses, 
which, incidentally, are just. those in which partly 
informed interference in the management of affairs 
is likely to lead to disaster. Participation even 
in such a business as that of the South Metro- 
politan Gas Company carries, however, some risk 
and it is in every way desirable that it should. If 
the new status which labour is demanding is to be 
granted it is essential for success that it shall be 
accompanied by conditions under which some of the 
effects of ignorance or misjudgment will fall on the 
labour section of its authors equally with those who 
may be held to represent capital. The pamphiet 
is purely factual and forms a valuable study of an 
important questlon. 
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NOTES: 


A British Avromatic CompuTinc ENGINE. 


CONSIDERABLE public interest has been aroused by 
the announcement that the Department of Scientific 
and Industrial Research is constructing, at the 
National Physical Laboratory, an automatic com- 
puting engine of a capacity greatly in excess of that 
of any other calculating machine yet devised. The 
possibility of mechanical calculation was foreseen 
long before productive facilities were equal to the 
task of constructing one which would materially 
exceed the scope and speed of ordinary methods of 
computing, and the manufacture of such machines 
in commercial quantities came later than the intro- 
duction of the typewriter—which, indeed, possibly 
inspired some of the detail design. The adaptation 
of commercial machines to scientific work was a 
more recent development, largely due to Dr. L. J. 
Comrie ; how successful he has been in this field 
may be inferred from the review, on page 365, ante, 
of the book, An Index of Mathematical Tables, by 
Drs. A. Fletcher and J. C. P. Miller, and Professor 
L.. Rosenhead, recently published by the organisa- 
tion of which Dr. Comrie is the founder and head. 
A mechanical computer was constructed in this 
country by the Metropolitan-Vickers Electrical Com- 
pany for Manchester University and an electrical 
computer, designed by Mr. R. R. M. Mallock and 
constructed by the Cambridge Instrument Company, 
was described in an illustrated article on page 698 
of our 137th volume (1934). This instrument or 
machine—devices of this kind introduce certain 
difficulties in terminology—is now at Cambridge 
University. No mechanical computer, of course, 
can compete in speed of operation with an electric 
device, and, after the intermediate stage of a com- 
bination of 72 adding machines and a machine for 
multiplying and dividing, actuated through tele- 
phone relays, the next stage was the employment 
of radio valves. The electro-mechanical apparatus, 
known as the Automatic Sequence-Controlled Com- 
puter, was constructed by the International Business 
Machines Corporation and presented to Harvard 
University. The later development, instigated in 
1943 by the Ordnance Department of the United 
States Army, who required it for ballistic calcula- 
tions, was the Electronic Numerical Integrator and 
Computer (more briefly called the “ Eniac ”’), which 
was designed by the Moore School of Electrical 
Engineering, University of Pennsylvania. It con- 
tains over 17,000 valves, can add twe numbers in 
less than a thousandth of a second and multiply 
them in a few thousandths of a second, and records 
the result on punched cards which are translated 
into figures in a modified tabulating machine. The 
new apparatus now under construction by the 
Mathematics Division of the National Physical 
Laboratory under the direction of a team headed 
by Sir Charles Darwin, F.R.S., the Director of the 
N.P.L., Dr. A. M. Turing, a Fellow of King’s College, 
Cambridge (with whom the originated), 
Mr. J. R. Womersley, Superintendent of the Mathe- 
matics Division, and Professor D. R. Hartree, F.R.S., 
will have a performance considerably superior to 
that of any of its predecessors, mainly by reason of 
its ability to store information, thus reducing greatly 
the preliminary work of setting up the machine in 
preparation for a particular calculation. The stor- 
ing will be done by means of punched cards, which 
can be kept in sets and placed in the machine in a 
few moments, so eliminating the elaborate process 
of electrical plugging and switching necessary with 
the Eniac apparatus. It is stated that the internal 
““memory capacity ” of the D.S.I.R. computer will 
be 75,000 decimal digits, compared with 200 in the 
Eniac machine. The new apparatus is known 
Officially as the Automatic Computing Engine 
(abridged to “‘ A:C.E.”). It is designed to multiply 
two ten-figure numbers in two thousandths of a 
second and will be able to solve simultaneous equa- 
tions with as many as 100 unknowns. Its construc- 
tion is expected to take between two and three years 
and to cost between 100,000/. and 125,000/. The 
machine will not only be unique, but from its 
nature, is likely to remain so unless, as is always 
& possibility, new developments should cause it 
to be eventually outclassed. 
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Tue Coat Supprty Posrrion. 


Mr. Shinwell’s latest pronouncement on the coal 
situation was one of his less pessimistic utterances 
on this difficult subject. Speaking to a Press con- 
ference on Monday, November 11, he said that the 
average weekly production of deep-mined coal in 
September was 3,576,000 tons, compared with 
3,466,000 tons in September, 1945, while that of 
open-cast coal was 182,600 tons, compared with 
167,400 tons. In October, the output of deep-mined 
coal improved to 3,687,000 tons per week, which 
was 120,000 tons more than the average of 3,567,000 
tons for the corresponding period in the previous 
year. The output per man-shift for all workers was 
1-03 tons in September, compared with 1-00 tons 
in the previous year, and in October it was 1-05 tons. 
In 1938 it was 1-14 tons. On the other hand, man- 
power had fallen, the number of wage earners on the 
books being 697,300 in September compared with 
699,300 in August, 1946, and 699,800 in September, 
1945. In October, 1946, it was 692,000. Total 
absenteeism was 16-39 per cent. in September and 
15-19 per cent. in October, 1946, these figures being 
both less than those of the previous year. Volun- 
tary absenteeism was. however, worse in September, 
being 11-38 per cent. at the coal face and 9-02 per 
cent. altogether. As regards consumption, Mr. 
Shinwell said that in September, 1946, the inland 
consumption averaged 3,309,000 tons per week, 
compared with 3,169,000 tons in September, 1945. 
The main increases were 82,000 tons per week for 
industry, 59,000 tons per week for electricity and 
28,000 tons per week for gas. In October, con- 
sumption averaged 3,492,000 tons per week, com- 
pared with 3,332,000 tons per week in the corres- 
ponding month of last year. In September, 1946, 
gas works had three weeks’ stocks, which was only 
slightly less than in 1945. On the other hand, the 
stocks held by electricity supply undertakings had 
fallen from 5-8 weeks to 3-4 weeks supply and by 
industry from 4-8 weeks to 3 weeks. 


Tue Iron anv STeev Instrrvte. 


The annual autumn meeting of the Iron and 
Steel Institute was held in London on November 13 
and 14. The President, Dr. C. H. Desch, F.R.S., 
occupied the chair and, in his opening remarks, 
made reference to the death, in Paris, on May 9, 
1946, of Professor Léon Guillet, D.Sc., an honorary 
vice-president and a Carnegie Gold Medallist of the 
Institute. The secretary, on being called upon, 
announced that Dr. Desch had agreed to serve as 
President of the Institute for a second year from 
May, 1947. Other announcements were that Mr. 
J. 8. Hollings and Mr. C. E. Lloyd had been elected 
honorary vice-presidents and that, since the last 
meeting, Mr. J. Mitchell had been made a vice- 
president and Mr. W. F. Cartwright a member of 
Council. Dr. J. E. Hurst and Mr. W. W. Stevenson 
had also been elected honorary members of the 
Council as representatives of the Institution of 
Metallurgists. Moreover, Mr. C. Moody, Mr. C. J. 
Jones and Mr. G. B. Morrison had all been elected 
honorary members of the Council during their tenure 
of the Presidency, respectively, of the Cleveland 
Institution of Engineers, the Swansea and _ District 
Metallurgical Society and the Staffordshire Iron and 
Steel Institute. The officers of the Institute who 
were due to retire at the next annual general meet- 
ing, but were eligible for re-election, comprised two 
vice-presidents, Captain H. Leighton Davies and 
Mr. G. H. Latham, and four members of Council, 
Mr. R. A. Hacking, Mr. H. H. Burton, Mr. N. H. 
Rollason and Mr. D. F. Campbell. The secretary’s 
final announcements were to the effect that the 
next annual meeting of the Institute would be held 
from Wednesday to Friday, May 14 to 16, 1947, 
and that the autumn meeting would be held in 
London on Wednesday and Thursday, November 12 
and 13, 1947. Dr. Desch then stated that the Swiss 
steel and engineering industries had arranged a 
summer meeting, on the lines of a pre-war autumn 
meeting of the Institute, to take place in Ziirich 
from July 8 to 16; with tours, the meeting would 
last until July 21. Dr. R. Diirrer, managing direc- 
tor of Messrs. von Roll Company had agreed to act 
as chairman of the reception committee and Dr. M. 
Lienert, ing director of the Swiss Association 





for the Encouragement of Trade, was the honorary 
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secretary of the committee. Continuing, Dr. Desch 
said that the issue of an Institute monthly journal 
would now commence next January. One copy of 
each issue would be supplied to each member and 
bound volumes would be on saie at preferential 
terms. With the collaboration of the British Iron 
and Steel Research Association, the information 
service operating in co-operation with the joint 
library of the Iron and Steel Institute and Institute 
of Metals was being extended, and from next year 
improved facilities would be available to members. 
Dr. Desch’s final announcements were that on 
June 18 and 19, 1947, the Council were organising 
a symposium on “ Powder Metallurgy ’’ and that 
the total membership of the Institute was now 4,042. 


CENTENARY OF BEDFORD-BLETCHLEY RatLway. 


This year marks the centenary of the inception 
of many railways, 272 Acts authorising railway work 
having been passed by Parliament in 1846. Novem- 
ber 17 is the centenary of the opening of the line 
from Bedford to Bletchley, and on that day in 
1846 the Bedford Railway Company ran an inaugural 
excursion to Bletchley and back. The railway, 16 
miles in length, was opened for public traffic on the 
next day. Although it now forms an integral part 
of the L.M.S. cross-country -route linking Oxford 
and Cambridge, it was originally built to connect 
Bedford to the nearest main-line railway, the west- 
coast route from London to the north. The Bedford 
Railway Company was incorporated as a company 
in 1845, and although it was nominally a separate 
entity, the London and Birmingham Railway 
Company was closely interested in the proposal, 
and arrangements were made before the opening, 
for the latter company to work the Bedford line as 
one of their branches. The formation of the London 
and North Western Railway Company on July 16, 
1846, included the London and Birmingham Rail- 
way Company, and in due course the Bedford 
Company was formally absorbed by the L. & N.W.R. 
It is thought that the original terminus at Bedford 
was on the site now occupied by St. John’s Goods 
Depot. The original terminus faced in the wrong 
direction, approximately at right angles to the pre- 
sent line, and St. John’s passenger station was 
built to overcome this difficulty. The Bucking- 
hamshire Railway opened a line from Bletchley 
to Banbury on May 1, ‘1850, and from Claydon, 
on that line, to Oxford on May 20, 1851. Through 
communication between Oxford and Cambridge 
became available in 1862, when the Bedford to 
Cambridge line was completed. 


Tue Newcomen Society. 


The 25th annual report of the Newcomen Society 
for the Study of the History of Engineering and 
Technology was presented at the annual general 
meeting held at the Institution of Mechanical Engi- 
neers, London, S.W.1, on Wednesday, November 13. 
The chair was taken by the retiring President, 
Mr. S. B. Hamilton, M.Se. As the North American 
branch of the Society has now been constituted an 
affiliated society, the report applied mainly to the 
operations of the parent body, although a short 
report of North American activities was included and 
that branch is still strongly represented on the 
Council ; im fact, the new President, Dr. Dalton C. 
Colman, is a North American member. In his 
absence, Mr. S. B. Hamilton continued to preside 
over the meeting after relinquishing the presidency. 
The election of Council resulted in the appoint- 
ment of the following: as vice-presidents, 
Mr. E. Wyndham Hulme, Dr. C. Penrose, Mr. J. 
Foster Petree and Mr. Rex Wailes; as members 
of Council, Mr. Ralph Budd, Mr. R. J. Forbes, 
Mr. A. A. Gomme, Major-General J. G. Harbord, 
Dr. T. W. Martin, Mr. D. E. Roberts, and Captain 
E. W. Swan, O.B.E., R.N.V.R.; as joint honorary 
secretaries, Dr. H. W. Dickinson and Mr. A. Stowers. 
At the ordinary general meeting which followed, 
Captain Swan presented a short paper on “ N icholas 
Wood’s MS. Report Book,” an interesting volume 
of notes, memoranda and reports, including the 
full text of the judge’s report on the Rainhill loco- 
motive trials of 1829; and Dr, Dickinson, in a 
paper on “Richard Roberts, His Life and Inven- 
tions,” collated practicafily all the known particulars 
of this pioneer in the development of machine tools 
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OBITUARY. 


MR. cy RODGERS, O.B.E. 


Mr. CuartEs Ropcers, whose death, we regret 
to record, occurred at Watford on Tuesday, Novem- 
ber 5, at the age of seventy-one, was born at Wath- 
on-Dearne, Yorkshire, on April 8, 1875, and was 
educated at the Firth College, Sheffield, and the 
Sheffield Technical School, which subsequently 
became part of the University of Sheffield. Having 
obtained the degree of Bachelor of Engineering in 
the University of Sheffield, he went to the Central 
Technical College in London from 1894 to 1896 and 
obtained the degree of Bachelor of Science in the 
University of London. He was also a 1851 Exhibition 
Scholar in Science. He subsequently completed his 
training at the Ziirich Polytechnic, and in 1901 
joined Messrs. Siemens Brothers Dynamo Works, 
Limited, Woolwich, where he was engaged on the 
design of alternating-current plant and afterwards 
became head of the department. In 1906, he was 
transferred to the head office in London, where he 
dealt with administrative and publicity matters. 
In 1908, he began his long connection with electrical 
standardisation as a member of the then Engineering 
Standards Committee, while, during the 1914-18 war, 
he was engaged, under the Admiralty, in dealing 
with various electrical matters connected with the 
Navy. 

After serving with the English Electric Company 
for two years, rs was appointed, in 1921, 
secretary of the British Electrical and Allied Manu- 
facturers Association, and soon afterwards took an 
active part, with the late Mr. D. N. Dunlop, in the 
organisation of the first World Power Conference. 
He became honorary secretary of the British 
National Committee, a position he was still holding at 
the time of his death. He was made Deputy 
Director of the British Electrical and Allied Manu- 
facturers Association in 1935, and it had been 
announced that he was to retire from this position 
at the end of the present year. 


Rodgers was made an Officer of the Order of the 
British Empire in 1919 for his work during the 
1914-18 war. He was elected member of the Insti- 
tution of Mechanical Engineers in 1934. His 
connection with the Institution of Electrical Engi- 
neers began in 1904, when he became an associate 
member. He was transferred to the class of member 
in 1921, and had served on the Council. He had also 
been chairman of the British Electrical and Allied 
Industries Research Association. 





SIR GEOFFREY CALLENDER. 


WE regret to record the death of Sir Geoffrey 
Arthur Romaine Callender, M.A., F.S.A., Director 
of the National Maritime Museum, Greenwich, which 
occurred with great suddenness at the Museum on 
Wednesday, November 6. Sir Geoffrey, who was 
71 years of age, had held the office of Director since 
the foundation of the Museum in 1934, and received 
his knighthood four years later in recognition of his 
work in organising it and his numerous and authori- 
tative contributions to the naval history of this 
country. A native of Manchester, he was educated 
at St. Edward’s School, Oxford, and at Merton 
College. He was head of the department of history 
and English at the Royal Naval College, Osborne, 
and afterwards at Dartmouth until his appointment 
in 1922 as Professor of History and English at the 
Royal Naval College, Greenwich, where he remained 
until he was made Director of the National Maritime 
Museum. He was an associate of the Institution of 
Naval Architects and had served for a number of 
years on the Council; honorary treasurer and 
secretary of the Society for Nautical Research ; 
a vice-president of the Navy Records Society; a 
member of Council of the British Records Associa- 
tion and of the Historical Association ; and a Fellow 
of the Royal Historical Society. He was intimately 
associated, in conjunction with the late Admiral 
of the Fleet Sir Doveton Sturdee, in the work of 
restoring H.M.S. Victory td her Trafalgar rig and 
equipment. 


THE INSTITUTION OF 
MECHANICAL ENGINEERS. 


Ar an extra general meeting of the Institution of 
Mechanical Engineers, held in London on Friday, 
November 8, with the President, Mr. O. V. 8. 
Bulleid, in the chair, a paper on “Feed Distri- 
bution and Hunting in Marine Water-Tube Boilers ” 
was presented by Mr. H. Hillier, O.B.E. The paper 
dealt with naval boilers and described the results 
of prolonged study and experiment designed to 
prevent ‘‘ hunting” in highly rated boilers of this 
type by arranging the internal feed-water distribut- 
ing pipes so as to spray the water into the steam 
space of the boiler drum. The paper also discussed 
the circulation in naval water-tube boilers, the 
conditions necessary to ensure the equilibrium 
required for steady operation, and the variations 
in steam volume below the water level with changes 
in the boiler load. The opinion was expressed that 
“hunting ’’ was due to the existence of a time-lag 
between the rate of feed supply and the rate of steam 
generation, and that the time-lag and “ hunting” 
could be eliminated if the feed supply could be 
heated to boiling point (at the working pressure) 
before being put into circulation in the boiler. 

The discussion was opened by Captain (E) T. H. 
Simpson, M.V.O., R.N., who recalled that the 
“pot” system of feeding had been developed at 
the Admiralty Fuel Experimental Station when 
he was Officer-in-Charge, about 1940. It was first 
suggested to him by Commander (E) W. J. Robb, 
then his senior assistant, and as it appeared to be 
theoretically promising, they carried out trials in 
the larger boiler at Haslar, which were completely 
successful. A pot system to this design was subse- 
quently fitted to a destroyer by Messrs. J. S. White 
and Company, and tried out with successful results ; 
subsequently, as the author stated, it was univer- 
sally adopted in the Navy. The system had, 
however, one disadvantage. The space in the steam 
drum was already constricted by the augmentors, 
and the pot system entailed a considerable further 
constriction ; and all the pipes and joints had to 
come out when the boiler was cleaned. 

Eng. Rear-Admiral S. R. Dight, C.B.E., said that 
the circulation augmentor which he developed, 
and which was described in a paper to the Institution 
of Naval Architects,* was the result of a long series 
of investigations into circulation in the marine 
water-tube boiler, and by giving a guided circulation 
to the water so increased the circulation that the 
output was very considerably greater. It had 
been possible to raise the output of a boiler of this 

to 80 per cent. beyond its normal output 
without overheating the tubes. It resulted in a 
considerable reduction in cases of overheating of 
tubes in the last war, as compared with the war of 
1914-18, although boilers were forced to a much 
greater extent. It had been an unwelcome surprise 
to find that the new arrangement, instead of making 
boiler conditions steadier, produced instability and 
hunting. The cure—by admitting the feed into 
the steam space—did not apply to marine boilers 
only. He had recently carried out tests with a 
power-station boiler of the Stirling three-drum type, 
of 220 Ib. per square inch pressure, giving 300,000 Ib. 
of steam per hour, fed with water at a temperature 
of 165 deg. F. The boiler had hunted very badly. 
The author said that, when the naval boilers hunted, 
the period was fairly regular, 3} minutes. With 
this Stirling boiler, the period was about 7} minutes. 
The trouble was cured by altering the feed system 
so as to put the feed into the steam space, and 
he thought it probable that this would obtain in 
many other cases where the boilers were supplied 
with relatively cold feed. If economisers were 
fitted and the water brought nearer to the saturation 
temperature, those troubles would not arise, In 
the case to which he referred, chemically-treated 
water was used as boiler feed, containing 2,000 p.p.m. 
of dissolved solids. The effect of hunting was very 
serious ; it produced periodic peaks in the water- 
level with carry-over of solids into the turbines. 
The elimination of hunting caused considerable 
reduction in the carry-over. 





* “ Naval Water-Tube Boilers.” Trans. I.N.A., vol. 





78, page 54 (1936). 


It was necessary in any water-tube boiler to make 
changes as gently and gradually as possible, to avoid 
fluctuations in water level, and carry-over. If a 
number of sprayers were put on quickly, one after 
the other, the water level might rise to a dangerous 
height and there would be carry-over into the super- 
heater ; with chemically-treated water, there might 
be trouble with the solids coming over. A sudden 
reduction in the amount of blow-down would resuit 
in a rise of level and carry-over in the same way. 
Tests which he had made indicated that, when a 
boiler was steaming, there was always steam 
entrained in the water in the downcomers. The 
steam consisted of very minute bubbles, so smal 
that the rate of rise was much smaller than the rate 
of flow of water in the downcomer ; yet calculations 
of circulation in a boiler were often based on the 
assumption that the tubes were supplied with watcr 
only, and not a mixture of steam and water. He 
had recently made the interesting discovery, in run- 
ning tests on a power-station boiler, that the amount 
of steam in circulation with the water depended on 
the concentration of solids in the water, the amount 
increasing as the concentration was increased. In 
one case, he had an increase in the amount of steam 
in circulation of over 20 per cent. as the concentra- 
tion was increased from 2,000 to 2,500 p.p.m. The 
explanation seemed to be that these minute par- 
ticles of solids in circulation formed nuclei for the 
formation of the minute steam bubbles. That was a 
very interesting point, and meant that, the higher the 
concentration of solids in the boiler, the smaller the 
amount of water and the less safe the boiler became 
on account of its poorer circulation. 

Mr. R. F. Davis, M.Sc. (Eng.), said that he had 
made a mathematical analysis of the flow in a 
perforated pipe, and also some tests which appeared 
to confirm his theory. One of the results of the 
theory indicated that, if the proportion of perfora- 
tions at the inlet end of a pipe exceeded a certain 
ratio, it was impossible to obtain uniformity of 
distribution. When testing a feed-distribution 
pipe with a small head, it was important to level the 
pipe accurately. If the pipe were immersed, it did 
not matter if it was slightly inclined, as the effective 
head for each hole was governed by the water level 
above .it, which automatically ensured a constant 
pressure difference along the whole length of the 
pipe. That was not true for a pipe located above 
the water level, as the flow distribution would 
change according to the inclination. Mr. Davis 
then showed a slide illustrating a distributing pipe 
for a small boiler of 15,000 lb. per hour normal 
evaporation.” The pipe was 1}-in. bore, about 6 ft. 
long, and perforated with a single line of 33 4-in. 
holes. The flow from each hole was measured 
separately by collecting the water discharged in a 
measuring jar. If the pipe were correctly designed, 
theoretically the relative distribution should be 
the same at all ratings. A second slide showed, in 
one diagram, the theoretical curve of pitch distribu- 
tion required to give uniform distribution of water, 
and the actual pitches adopted to approximate 
to the curve; and, in another, the actual mean 
velocity distribution obtained experimentally in 
terms of the flow in Ib. per minute per hole. Uni- 
formity of flow had been achieved within 10 per cent., 
in spite of a two-to-one difference in the velocity 
through the holes at the extremities of the pipe. By 
changing the sign of one of the terms in the flow 
equation, it became applicable to a collecting pipe or 
duct. It was intended to test this pipe by sucking 
air through it and measuring the intake velocities 
along its length by means of an anemometer. 
The author’s explanation of the cause of swelling 
of the boiler contents was not quite clear. He 
(Mr. Davis) had suggested previously that the slight 
pressure drop caused by the steam demand suddenly 
exceeding the rate of heat absorption from the 
furnace would mean that the water was then sub- 
stantially superheated with respect to the vapour 
in the migrating steam bubbles, and that their rate 
of growth by evaporation would be enormously 
increased, and that this was one cause of the pheno- 
menon of swelling. Finally, he asked the author 
what was the effect upon the steam purity of spray- 
ing the feed water into the steam space. 

Commander (E) T. T. Brandreth, R.N., said that, 





during the Pacific war, it was found that one of the 
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major factors which permitted a ship to stay at sea 
for a long time was the endurance of the ratings ; 
steady feeding of the boiler made a great difference 
tothis. In H.M.S, Victorious there was an occasion, 
during a torpedo attack, when the gauge glasses 
had broken on the boilers, but the feeding was so 


steady that there was no need to worry about steam- | pipes 


ing the boilers at comparatively high power. There 
were two other technical points which mattered. 
One was economy. It was a serious crime to make 
black smoke in wartime ; and forced-draught fans, 
if operated at too high speeds, reduced the boiler 
economy. This hunting feed, by its effect on the 
pressure in the exhaust, affected the speed of the 
fans, and therefore some margin had to_be left to 
prevent black smoke being made, so that economy 
was lost. Economy was also lost because it was 
very difficult to use exhaust steam in an evaporator 
if the supply were fluctuating on account of fluctua- 
tions in the boiler. The problem might even affect 
the layout of the boiler room. In the Navy, they 
tried to group the ratings controlling the boilers 
low down in the boiler room, where, if the feeding 
was steady, they could control the feeding and at 
the same time be ready to start a stand-by pump if 
required. It was usually found that, with a boiler 
which was bunting, a rating did not feel that he had 
enough control, and to see the water gauge, he had 
to go to the upper grating, where he could not reach 
the stand-by pump or remain in a cool position. 

Mr. G. A. Plummer confirmed from experience that 
the author’s solution of the hunting problem was 
satisfactory. Somewhat similar methods of intro- 
ducing feed into the boiler drum had been estab- 
lished as standard practice by at least one manufac- 
turer of land boilers in this country, while on the 
Continent many boilers, both land and marine, 
had been similarly equipped and had given every 
satisfaction. The author’s experience had been con- 
fined to boilers having a single steam drum. In 
boilers having two or more cross-connected steam 
drums, the behaviour of the water level could be 
seriously affected by slight differences in pressure 
between the drums. A further and somewhat elusive 
case of regular hunting of the water level was even- 
tually found to be due to the intermittent discharge 
of water from an economiser into the boiler drums by 
reason of the periodic generation of steam in the 
economiser. Normally, however, any means where- 
by the temperature and density of the incoming 
feed could be made to coincide more nearly with the 
temperature and density of the circulating boiler 
water would assist in stabilising the water level, and 
in that respect the value of adequate economiser 
heating surface could not be over-emphasised. 

He welcomed the information with regard te 
uneven flow through a normal internal feed pipe. 
The effects of uneven flow in various parts of boilers 
were not generally appreciated. These uneven 
conditions of flow commonly existed in economiser 
inlet headers and superheater headers. Many 
cases of which he had had experience had been 
cured by fitting nozzles, suitably sized and disposed, 
at the inlet ends of economiser and superheater 
tubes. Similar uneven conditions of flow were 
known to exist in other parts of natural-circulation 
boilers—for example, in water-wall headers—but the 
existing circulatory forces were inadequate to permit 
of a cure being effected by interposing nozzles or 
similar restrictions. The application of forced 
circulation, however, enabled complete stabilisation 
of flow to be established throughout the boiler by 
reason of the restriction nozzles. All the information 
in the paper, valuable though it was, applied to 
natural-circulation boilers; a totally different set 
of conditions existed when forced circulation was 
applied. Forced circulation yas constant, was not 
dependent upon density differences and large 
volumes of contained steam below the water level. 
The general conditions, therefore, while akin to 
those described, were not so pronounced. 

Commander (E) L. Baker, D.S.C., R.N., thought 
that some of the author’s arguments were open to 
objection, and that some of his conclusions were 
doubtful; for example, cases of hunting of the 
water level in single boilers were not unknown. 
The Foster Wheeler modified D-type boiler, built 
for the steam gunboats, was fitted with a modified 
form of ‘ Steadiflo” regulator. The internal feed 





pipe was originally sited over the downcomer tubes, 
but when hunting was experienced it was shifted to 
a position between the baffles on the riser side of 
the drum, when no further hunting was experienced. 
In the “ Vanguard” boiler, an Admiralty three- 
drum type with economisers, drowned internal feed 
ipes were originally fitted for trial, as it was hoped 
that the higher entering feed temperature would be 
sufficient to prevent hunting. This was found not 
to be the case, and feed pots were then installed. 
These were satisfactory in preventing hunting as 
long as the pressure drop across the feed check valve 
did not exceed 50 lb. per square inch. When that 
pressure was exceeded, hunting occurred, and on 
examining the boiler internally there was evidence 
that the pots had overflowed. Hunting had been 
experienced also with the original arrangement of 
a single feed pipe in the centre at the bottom of the 
drum in a County class ship, in which case the 
cause was found to be the interaction of the feed- 
regulator leak-offs, and, again, excessive feed-pump 
discharge pressure. Against this, the boiler to which 
Mr. Plummer referred, the La Mont boiler built for 
steam gunboats, was fitted with the same type of 
regulator as the Foster Wheeler design. It had a 
drowned feed pipe, but no hunting occurred ; neither 
did it occur in service in ships where “‘ Steadiflow ” 
regulators and drowned feeds were used in conjunc- 
tion with reciprocating feed pumps. One or two 
more points must be taken into account. Firstly, as 
the heat-transfer rate by condensation on the drops 
of water could not exceed 3,200 B.Th.U. per square 
foot per hour per deg. F., it was obvious that 
saturation temperature could not be reached by the 
water in falling 8 in. or so through the steam in the 
drum. Secondly, if the effect of hunting were solely 
due to the circulation of the boiler, he would expect 
to find some indication on the over-all gauge ; yet, 
although the output was estimated to change by 
about 30 per cent., the change in the over-all gauge 
corresponded only to the change in the water level 
recorded in the water gauges. Such a swing of out- 
put would normally be accompanied by a change 
in the depression ratio of about 0-1, i.¢., 10 per cent. 
of the available head, or about 1 ft. in the case of 
the “Vanguard.” No such swings were recorded. 
Summarising, therefore, it was known that (a) 
hunting occurred in natural-circulation boilers with 
drowned feed pipes when used in conjunction with 
turbo-feed pumps and continuous feeding 
No hunting was experienced with forced-circulation 
boilers or with reciprocating feed pumps. (b) Hunt- 
ing might occur with the pot system when the 
pressure difference across the feed check was exces- 
sive. (c) With any system which permitted hunt- 
ing to occur, no improvement in hunting was dis- 
cernible whether economisers were fitted or not. 
The author concluded that the shrink and swell 
effect of the boiler was the cause of the trouble, and 
that feed heating to saturation temperature was the 
answer. That could hardly be true, as otherwise 
some improvement would be observed with econo- 
misers in use; further, successful devices such as 
pots could not possibly heat the water to saturation 
in the time available, and no indication of circulation 
changes appeared on the over-all gauge. It would 
seem, therefore, that the cause was the inherent 
instability at some point in the operating range of 
the combination of the feed regulator and feed pump, 
which could be magnified in natural-circulation 
boilers by volume changes in the circulation circuit. 
The cure for the trouble, therefore, seemed, in 
principle, to be the imposition of some damping 
medium to absorb the variations of the incoming 
feed. Feed pipes in the steam space did this, feed 
pote did it, and the rating in charge of a reciprocat- 
ing feed pump did it by throttling down the steam 
supply to the feed pump to that required to keep 
the pressure difference across the feed check con- 
stant. One possible solution would appear to be 
the development of a satisfactory feed-pump gover- 
nor, so that the pressure produced by the feed pump 
could not exceed that required for the stable 
operation of the feed regulator and check valve. A 
second was the adoption of some means within the 
boiler that ensured that the regulator could not be 
influenced by the steam content of the circulating 
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THE INSTITUTION OF CIVIL 
ENGINEERS : 
PRESIDENTIAL ADDRESS.* 


By Sm Wri11am Hatcrow. 


PRESIDENTS in the past have, as a general rule, 
the members on that branch of engineeri 

in which they have specialised, but I have decided 
not to follow their lead ; I have taken a subject which 
will be of general interest to all, namely, the work of 
the Institution. The Council publish an annual report, 
but it is of necessity a brief recital of some of the more 
important happenings of the year and does not attempt 
to review the progress the Institution is making over 
a long period of years. I therefore propose to fill this 
gap and to speak of the accomplishments of the 
Institution in recent years. We have all frequently 
heard that the Institution is content to float in a 
backwater, that it does not advance with the times, 
and that its affairs are managed by a number of bene- 
volent elderly gentlemen whose policy year by year is 
that of laissez-faire. I hope that I shall be able to 
show whether or not this view has at any time been the 
true one; it is certainly not true to-day. 

One subject which has frequently engaged the 
attention of the Council in recent years has been the 
great need for the engineering profession to speak with 
one voice when important matters are at stake, especi- 
ally when the Government is concerned. Perhaps the 
greatest obstacle to-day to the presentation of the 
views of the profession as a whole on matters of general 
and public interest is the large number of existing 
institutions, the effect of which, unfortunately, is to 
increase the number of voices, to the detriment of 
unity and concerted action, when a wiser and more 
effective policy would be to reduce them. One may 
perhaps rightly criticise the policy of our predecessors 
of 40 or 50 years ago. Had they foreseen what in fact 
has happened, they would no doubt have provided for 
sectional divisions in the Institution, specialising in 
the various branches of professional work. Unfor- 
tunately, nothing effective was done to this end, with 
the result that many independent institutions and 
professional societies came into being. To endeavour 
to check further growth in the number of engineering 
institutions, the Council have set up a number of 
Engineering Divisions. During the period under 
review, efforts have been made to bring about the 
amalgamation of some of the smaller institutions, but 
without success. Taking a broad and long view, the 
advantages of amalgamation are so great that it is 
difficult to understand what those who oppose practic- 
able and equitable proposals to this end expect to gain 
by standing aside. Certainly members do not gain, 
because, if they belong to two institutions, they pay 
two subscriptions instead of one. 

In 1922, an Engineering Joint Council was formed, 
which now consists of four founder institutions, 
together with three co-opted societies. The duty of 
this body is to consider any matter which may be put 
before it by a constituent institution and to advise 
on any action to be taken. The failure of the Engineer- 
ing Joint Council, which is thus an advisory body 
without executive powers, has been attributed to the 
limitation of its capacity to initiate proposals affecting 
its constituent members. It is not always appreciated, 
however, that this limitation is inevitable, as it would 
be ultra vires for any Council under obligation to the 
corporate members who elect it to manage the affairs 
of the Institution in question, to delegate their powers 
to a composite body for the purpose of dealing with 
matters of general policy. In the last six years, a 
much closer co-operation has been developed between 
the Institution, the Institution of Mechanical Engineers, 
and the Institution of Electrical Engineers, & group 
sometimes described as the “ Big Three’ and com- 
prising about 40,000 qualified professional engineers 
and half that number again of student engineers in all 
stages of preparation for the engineering profession. 
The Presidents of these three societies meet from time 
to time and discuss matters of common policy. It has 
been found that decisions can be reached and action 
taken with great promptitude and with that authority 
which is associated with the three heads of these leading 
engineering societies. 

As an outcome of this association, it may be men- 
tioned that, on the initiative of your Council, an invita- 
tion was recently sent to the leading Commonwealth 
engineering societies by the above-named three bodies 
to send representatives to a Conference to be held in 
London, for the discussion of many common problems 
relating to the co-ordination of effort. This conference 
took place in September last and has undoubtedly 
strengthened the ties between the engineers of the 
Commonwealth by bringing together in one room for 
the discussion of mutual problems the national engineer- 
ing societies of Canada, Australia, New Zealand, South 
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Africa, and India, and of the British Isles. Resolutions 
were carried adopting, inter alia, proposals for the joint 
discussion and publication of papers, about. which 
advance ‘information would be exchanged by the 
Institutions ; the co-ordination of abstracting services ; 
the extension of public relations and publicity acti- 
vities ; privileges to be afforded to members of con- 
stituent Institutions; and for greater uniformity in 
and co-ordination of standards of education and 
training. The conference has met an undoubted need 
for clear professional contact with the Dominions and 
India and it is hoped that similar meetings will be 
arranged in the future. 

Another advance which has been made is in the 
closer co-operation between the engineer and the 
contractor. Many engineers realise the necessity for 
gaining experience on the constructional side, and feel 
that their practical experience is inadequate or incom- 
plete if obtained on the engineer’s side only. Methods 
of construction, temporary works, and plant require 
the services of highly-trained engineers on the staff of 
contracting firms. The importance of their work was 
recognised by the Council when the Works Construction 
Division, which has proved to be one of the most 
popular of all the Divisions, was formed in 1944. An 
example of the changed attitude of the Institution to 
the representatives of the civil-engineering contractors 
is the agreement with the Federation of Civil Engineer- 
ing Contractors, in 1945, of a standard form of General 
Conditions of Contract. About 20 years ago, the 
Federation approached the Council of the Institution 
with a request that a standard set of Conditions of 
Contract for Civil Engineering Work should be pre- 
pared, but the Council at that time were not prepared 
to accede to the request. This approach was renewed 
in 1939, and on that occasion the Council agreed and 
appointed a joint committee, which included repre- 
sentatives of the Federation and of the Association of 
Consulting Engineers, as well as members representing 
the Institution, to prepare the document, with the 
result that, after unavoidable delay due to the war, the 
** General Conditions of Contract for Use in Connection 
with Works of Civil Engineering Construction ’’ were 
agreed and published for general use in January, 1946. 

Professor Sir Charles Inglis, in his presidential 
address in 1941, dealt fully and authoritatively with 
the education and training of engineers, and I shal] be 
brief on this subject, prefacing my remarks by saying 
that I am expressing only my persona] opinion. As 
one who is an employer of the product of the univer- 
sities and technical colleges, I have only two things to 
say: one is that too much reliance should not be 
placed by civil engineers on theoretical knowledge. 
Scientific training is, of course, necessary, and once the 
principles have been mastered the engineer should 
devote his attention to what may be called practical 
engineering ; that is to say, not only the design and 
construction of works, but also the administration and 
economics of engineering projects. He should know 
when a problem can best be settled by the application 
of common sense rather than by mathematics. While 
we have had numerous lectures on the mathematical 
solution of engineering problems, I have not heard of 
one which covers the common-sense approach; yet 
this must play a big part in the work of a civil engineer. 
It is gratifying to find an increasing number of our 
younger engineers now giving their attention to adminis- 
trative problems. I believe that their original scientific 
and professional training and experience are helpful 
in work of this kind, and I should like to see more 
openings in the administrative branches of the Civil 
and other Services filled by men of engineering training. 

Sir John Anderson is reported to have said earlier 
this year that: ‘The higher teaching of science is 
directed too exclusively to the creation of specialists. 
The administrative branches of the Civil Service would 
be better equipped for their tasks if they included men 
and women with scientific training; the same might 
be true of administrators in commerce and industry. 
The scientist, too, is often without adequate general 
grounding.” I agree with that view, and on the 
subject of education generally, I say that engineers 
should not specialise until after they have left school. 
A good general education in all subjects, including 
languages, is the best foundation on which to build. 

Young men wishing to become engineers will be faced 
with the problem of deciding whether they should take 
their engineering degree before joining the Forces, or 
should, on leaving school, join the Forces with the 
object of taking the degree after their service. There 
are clearly two schools of thought and I find that the 
professor, sui generis, prefers the latter alternative. 
Perhaps because of my practical outlook on the pro- 
fession, my preference is for the former. On leaving 
school, a student can more readily master the tecb- 
nical part of his training at a technical college or 
university. When he joins one of the Services, his 
previous technical training will fit him for a more 
congenial post, probably affording scope for the 
gaining of additional technical experience, than he 
would be likely to get if he joined the Forces direct 





from school ; for example, should he be selected for the 
Royal Engineers, he would have the opportunity of 
more practical experience,and be ready to start his 
life’s work when service is over, On the other 
hand, a student who first spends a year or two in one 
of the Services is bound to fave a harder task later in 
obtaining his technical qualifications. | Moreover, 
during his service he would feel that he has the 
hurdle of examinations to clear before he can settle 
down to work. 

The corporate membership of the Institution increased 
between 1931 and 1945 by 19 per cent., as compared 
with 15 per cent. in the preceding 15 years. It is 
interesting to know that whereas, during the war of 
1914-18, the number of students on the rol] declined 
from 1,386 to 425, during the recent war the number 
increased from 2,675 on March 31, 1939, to 4,330 on 
April 1, 1945, and to-day the roll of that grade is at 
its highest point. During the war, and since, a special 
committee have considered all cases of hardship to 
men who have served in the Forces and whose engi- 
neering training has thereby been interrupted. Each 
case is given individual attention. In 1939, Royal 
Engineer officers were recognised as eligible for cor- 
porate membership, provided that they complied with 
requirements as set out in the by-laws. There is one 
other matter on which I wish to express my own 
personal opinion. In the past, it has been the practice 
occasionally to elect to full membership without 
examinations individuals not under 50 years of age 
who do not possess an exempting university degree 
recognised by the Council, but who, by reason of age 
and professional experience, are deemed to be worthy. 
The number so admitted in recent years is small and 
has steadily diminished ; nevertheless, I hope that the 
day is not far distant when the door of entry will be 
closed against all, irrespective of age, not in possession 
of the prescribed qualifications by examination for 
corporate membership, except, perhaps, in the case of 
distinguished foreigners holding academic qualifications 
which, although not included in the Institution’s list of 
exempting degrees, are deemed by the Council to be 
equivalent thereto. 

Large numbers of our members find employment in 
the Colonial service and many of them have played 
ere parts in the development of public services 
and industry in our Colonies. Although the services of 
engineers are vital to colonial development, there was 
no such organised service of engineers for the Colonies 
as had been provided for the medical and some other 
professions. The Council approached the Colonial 
Office, in 1943, with a view to improving the status of 
engineers engaged in the several services under that 
department, and the Colonial Office have now organised 
a special service of engineers, established on a broad 
basis, which should give satisfaction to all those who 
are at present serving in the Colonies or who hope to 
obtain colonial appointments. 

Within the Institution itself, the most far-reaching 
constitutional reform has been the creation of Engi- 
neering Divisions, The Road Engineering Division 
and the Railway Engineering Division were formed in 
1939, and since then four other divisions have been 
set up. In spite of the fact that the war was hardly 
conducive to full development, these divisions have 
met with a success which is a source of gratification to 
the Council. The Local Associations of corporate 
members and students have increased in number from 
six to ten between the two wars, and it is the Council’s 
intention that, as far as icable, the whole of the 
British Isles shall eventually be covered in this way. 
The work of the Overseas Associations, with the excep- 
tion of the one in Buenos Aires, was almost completely 
interru by the war. 

Another branch of the Institution’s activities which 
has made important advances in recent years, and 
which has added materially to the sum of engineering 
knowledge, is the research undertaken by committees 
appointed by the Council. The first committee, having 
strictly for its object the prosecution of engineering 
research, was set up in 1908 to investigate the use of 
reinforced concrete in engineering construction. Cer- 
tain experimental work was embarked upon, critical 
examination of existing structures was instituted, and 
two interim reports were published, in 1910 and 1913, 
respectively ; but the war of 1914-18 interrupted the 
work, which was never resumed. In 1916, the Council 
undertook an inquiry into the deterioration of struc- 
tures of timber, metal, and concrete when exposed to 
the action of sea water. In co-operation with the ne 
established Department of Scientific and Industrial 
Research, and with harbour and port authorities at 
home and in the Dominions and Colonies, experiments 
were conducted and observations made which were 
recorded and analysed by the ‘‘ Sea Action ’’ Committee, 
the results being embodied in reports published by the 
committee over a period of years. 

This admirable arrangement, by which port and 
harbour authorities provided firfancial assistance as 
well as the opportunity for practical research in testing 
specimens in all parts of the world, to which H.M. Gov- 
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sing, and publishing theresults, might have been expected 
to lead to fresh schemes for conducting other researches 
on a similar basis; but it was not until 1935 that 
Standing Research Committee was formed to survey 
the whole field of engineering research, to recommend 
subjects for research and investigation, and to form 
suitable committees to carry out such work. Though 
its activities necessarily ceased at the outbreak of war 
and have only recently been revived, it already has a 
considerable amount of work to its credit. 

When the Research Committee was first established. 
the Council provided a fund of 2,000l. a year for 
research and, where the work was undertaken by the 
Department of Scientific and Industrial Research, 
H.M. Government contributed an equal sum. It is 
now recognised that the Institution cannot provide 
sufficient funds to deal adequately with the work 
which lies ahead, and, closer co-operation having been 
established with the D.S.I.R., it has now been arranged 
that, in all approved cases where the research work 
can be undertaken by the department, the expenditure 
thereon will be met from Exchequer funds. 

Mr. F. E. Wentworth-Shields, im his presidential 
address in 1944, advocated the setting up of a research 
station in this country for the study of the hydraulics 
of rivers, estuaries, harbours, and kindred problems. 
It is gratifying to know that this proposal has been 
actively taken up and that the Government, through 
the D.S.I.R., have decided to adopt it, and have already 
set up a Hydraulics Research Board. A new Directo: 
of Research will soon be appointed, who will take 
charge of those models which have already been made 
and will supervise the construction and operation of 
any required in the future, accommodation being found 
temporarily in existing laboratories of the D.S.LR. 
or in universities until such time as a new laboratory 
can be constructed. 

The second type of investigation undertaken by the 
Council has been that in which the ultimate object of 
the work was the preparation of a code of practice. 
Some 40 or 50 years ago, committees appointed by the 
Council reported on “‘ Standards of Thermal Efficiencies 
for Steam Engines” (1898), ‘‘ Standards of Thermal 
Efficiencies of Internal-Combustion Engines” (1905), 
and “‘Tabulating the Results of Steam-Engine and 
Boiler Trials’ (1901, 1902 and 1913). In 1922, the 
revision of these reports and an extension of their 
scope was undertaken, which resulted in the issue, in 
1927, of a very comprehensive code of practice for 
tabulating the results of heat-engine trials. Since that 
date further studies under this group have been initiated 
and reports have been published on ‘‘ Engineering 
Quantities ” (1933), ‘‘ Floods in Relation to Reservoir 
Practice ” (Interim, 1933), and ‘‘ Regulations for Work 
carried out under Compressed Air” (1936). Since 
1935, the preparation of such codes of practice has been 
remitted to the newly formed Research Committee 
since, in the nature of things, the preparation of such 
codes may necessitate the carrying out of practical 
research. A third and new type of inquiry was taken 
up by the Institution under the egis of the Post-War 
National Development Committee, which was appointed 
by the Council in 1940 and which has since published 
a number of reports. 

The well-being of the world largely depends upon 
the work of the engineer. There is a great future and 
unlimited scope for the activities of members of the 
profession: new works of all kinds are and will be 
required in every country in the world, and for the 
young man of imagination and keenness I cannot 
conceive a more attractive profession. Imagination is 
necessary as well as scientific knowledge; keenness is 
also an essential quality for success. The greater the 
freedom and independence engineers can retain in the 
practice of their professional art and skill the greater 
will be the real progress. made. 

British engineers are habitually backward in making 
their achievements known throughout the world, though 
for more than a century they have led the field in 
engineering p . They invented railways and 
made them in the old world and in the new ; they drove 
the first subaqueous tunnel ; and, until the early years 
of the present century, had built the biggest bridges 
and the largest dams. All they did of novel conception 
or of great magnitude was brought into being with 
becoming, though possibly exaggerated, modesty. 
More recently foreign engineers, who do not suffer 


wly| to the same degree from bashfulness and have had, 


and still have, ample opportunities of building many 
great and magnificent engineering works in their own 
countries, particularly since the beginning of the 
Twentieth Century, have seemed to be desirous of 
creating the impression that they are more fitted than 
we are for the construction of really large engineering 
works. I maintain, emphatically, that British engin- 
eers have not only the imagination and vision, but also 
the ability, to design and build any great works that 
may be contemplated, as-skilfully as any foreign en- 
gineer : do not let.us forget ‘‘ Mulberry ”’ and “‘ Pluto.” 
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THE DEVELOPMENT OF THE 
FLUORESCENT LAMP. 


Tue luminous effects which occur when an electric 
discharge passes through a gas or vapour have been 
known for many years. They were, in fact, demon- 
strated before the Royal Society by Hawksbee as 
long ago a8 1710. The discharges were subsequently 
examined by Davy, Woollaston, Frauenhofer and 
Faraday, while the invention of the induction coil and 
the Geissler tube enabled them to be shown in attrac- 
tive and spectacular forms. Little or no practical 
use was made of this phenomenon, however, until 
Moore carried out the first commercial installa- 
tion of discharge lamps at Newark, New Jersey, in 
1904. Eight years later, lamps containing carbon 
dioxide, which gave a white light with a fair approxi- 
mation to daylight, or nitrogen, which glowed with 
a buff or golden colour, were being used. These had 
the disadvantage that the gas pressure fell off during 
their life, owing to chemical action between the gas 
and the electrode material. This drawback was first 
overcome by the use of automatic “‘ replenishers,” but 
later such inert as neon and helium were em- 
ployed, it being found that these did not “clean up” 
so readily as those with more active properties. Neon, 
in particular, was found to be satisfactory for this 
purpose, and the tubes filled with this gas, which were 
introduced by Claude in 1910, proved very suitable for 
advertising, owing to their reddish colour and high 
luminous efficiency. Similarly, a bright blue colour was 
obtainable by the use of mercury with rare gases. 

Such lamps have found considerable application for 
many purposes during recent years and are likely to 
do so still more in the future. They consist essentially 
of a long tubular envelope between 10 mm. and 30 mm. 
in diameter with an iron or nickel electrode at each 
end. They are operated from a high-tension trans- 
former and the current consumption is usually about 
50 mA. The electrodes run cold; and there is little 
change in the internal gas pressure between the starting 
and operating conditions, Cold-cathode lamps of this 
type, however, a luminous efficiency of the 
order of only 5 lumens to 10 lumens per watt. Further- 
more, owing to the limitations of the cold cathode, 
the wattage dissipation per unit length of tube is 
restricted. 

Some twenty years ago, it was discovered that by 
using electrodes of alkaline-earth oxides the current 
could be increased many times, while the percentage 
watts lost at the cathode and the voltage required to 
initiate the discharge were reduced. As a result, it 
was possible to produce discharge lamps giving an 
adequate light output when run on the ordinary supply 
voltages without the aid of step-up transformers. 
One type of such hot-cathode lamp contains mercury 
as the main filling and operates at = Or vapour pressure 
when the discharge is started. This pressure builds 
up as the temperature of the envelope increases, and in 
some cases may rise to an atmosphere or more. Lamps 
of this type were first installed for street lighting at 
Wembley, Middlesex, by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, in 
1932, and a number of patterns have since been 
introduced for various purposes. 

In the latest discharge lamps, use is made of the 
property that certain substances glow with a charac- 
teristic colour when exposed to ultra-violet radiation. 
This property, which is known as fluorescence, is 
possessed by a variety of substances, but those of the 
greatest interest in illuminating engineering are the 
synthetic inorganic phosphors, of which zinc sulphide 
and willemite are perhaps the best known. These 
compounds are made luminescent by the addition of 
traces of certain heavy metals, such as copper and 
manganese, and subsequent heat-treatment at high tem- 
perature. The effect of this heat treatment is to con- 
vert the amorphous powder into minute crystals, each 
of which becomes a tiny light source when exposed to 
ultra-violet radiation of suitable wavelength. From 
the point of view of illumination, luminescent powders 
may be divided into those which are excited by the 
longer ultra-violet radiation (about 3,650 A) and 
those which are similarly affected by short-wave ultra- 
violet rays (about 2,537 A.) Examples of the first 
class are the zinc sulphide and zinc-cadmium sulphide 
powders. These powders were first used in this 
country by Claude-General Neon Lights Company 
in 1932, in conjunction with low-pressure mercury 
discharge lamps, thus enabling a range of new colours 
to be introduced for advertising and decorative lighting. 
Since, however, they are excited mainly by the long- 
wave ultra-violet radiation, which is weak in the low- 
pressure lamp, they added little to the luminous 
efficiency. 

An example of the second class of material is zine- 
berylli silicate, which becomes highly fluorescent 
with the addition of manganese. It can be prepared 


to give a variety of yellowish-white and reddish fluores-- 


cent colours, and adds considerably to the efficieney of 
the low-pressure mercury discharge. Other materials 
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in this class are magnesium tuhgstate, which fluoresces 
with a pale blue colour, and cadmium chlorophosphate 
and. cadmium borate. Cadmium chlorophosphate 
resembles the red fluorescent variety of zinc-beryllium 
silicate in many respects, and is interesting because 
it can be made to give a long afterglow. Cadmium 
borate is used in conjunction with other powders to 
give a warm white colour. These substances, and others 
of the same kind, are not excited to any appreciable 
extent by long-wave ultra-violet radiation, but are 
affected by the more powerful short-wave radiation 
in the low-pressure mercury-vapour discharge. An 
important consequence is greatly increased luminous 
efficiency as well as good colour rendering. These 
powders were first used to extend the range of colours 
in high-voltage neon sign tubing, and completely 
replaced the less efficient sulphides for this purpose. 
This enabled the scope of the lamps to be increased, 
both for interior and exterior lighting, especially by 
the use of mercury and fluorescent tubes as well as by 
the employment of mixed powders in the mercury-filled 
cold-cathode tubes. 

Considerable research on mercury-filled hot-cathode 
tubes, operating on mains voltages and giving white 
colours, was also carried out, not only in Great Britain, 
but in Europe and America. The results of this 
work came to a head before the war, and, in 1938, 
the New York World’s Fair provided an opportunity 
to begin production on a quantity basis. Until then 
fluorescent powders had not been applied to the mains- 
voltage low-pressure tubes, as it was considered that it 
would be difficult to justify the high cost of lantps of 
such low wattage with their replacements and auxiliary 
gear. The Americans, however, refused to deal with the 
question solely on an economic basis, and, as a result of 
the display at the World’s Fair, some 25,000,000 of 
these lamps were manufactured in 1942. 

The slower progress in the introduction of these lamps 
in this country may have been due to the lack of a 
similar market. It also arose, at least partly, from the 
desire of British lamp manufacturers to secure reli- 
ability, uniformity and interchangeability. This desire 
was commendable, since a higher degree of standardi- 
sation is necessary with fluorescent lamps than with 
filament lamps, owing to the special circuits that have 
to be employed and the variety of colours that have 
to be considered. A good deal] of work, however, had 
been done in this country by 1939, when the outbreak 
of war made it appear likely that the introduction of 
the fluorescent lamp would have to be postponed. 
Nevertheless, war-time conditions in factories soon 
showed the need for a method of illumination which 
would give shadowless lighting with the minimum of 
glare ; and could be used in the daytime to supplement 
daylight without glare or colour difference. The 
fluorescent lamp with the largest wattage which would 
comply with the transport and supply conditions in this 
country, was, therefore, put in hand, and after satis- 
factory trials, the 80-watt, 60-in. lamp was marketed. 
For reasons of economy, this lamp was introduced in 
one colour only, which closely approached sunlight. 

The first large-scale use in this country of fluorescent 
powder as a component of the high-pressure mains- 
voltage mercury-discharge lamps occurred in December, 
1937. In these lamps, the greater, part of the ultra- 
violet energy is radiated at 3,650 A, just beyond the 
visible spectrum and was utilised, after conversion, to 
add red, and, if necessary, blue light to that produced 
by the mercury. The colour rendering was thus 
modified to the extent that the colours, though still 
distorted, could be discriminated. 

Before describing the various types of fluorescent 
lamp and the control gear used with them, some 
of the theoretical considerations which have a i 
on their design may be dealt with. A discharge 
lamp, of which the fluorescent lamp is be rogpencx j 
type, consists, in principle, of two electrodes which 
are sealed into the end of a glass tube. This tube 
contains a gas or vapour at a pressure, generally, 
of about 54, of an atmosphere. The gas, according 
to the Rutherford-Bohr theory, consists mainly of 
neutral atoms, but owing to the ionising action of 
cosmic radiation and traces of radioactive sub- 
stances which may be present there is some formation 
and recombination ofions. When a potential difference 
is applied across the lamp, the positive ions move 
towards the negative and the negative ions towards the 
positive electrode, colliding with the neutral atoms in 
their passage. As long as the velocity and, therefore, 
the energy of the ion is small, these collisions are elastic 
and the combined energy of motion is the same after as 
before the impact. If, however, the velocity of the ion 
exceeds a certain critical value, energy is transferred 
from it to an atom ; and one of the electrons of the latter 
is either degiogst to an exterior orbit or is completely 
removed. In the former case, the atom is said to be 


“excited ” and in the latter case “ ionised.” An “ ionis- 
ing ” collision results in the formation of two new ions : 
the atom, which is now positively charged, since it has 
lost an electron, and the free negatively-charged elec- 
tron, which has been ejected from it. These new ions 





also move towards the electrodes, and on their way pro- 
duce other ions in a manner similar to that. just des- 
cribed. Thus, if the applied voltage is sufficient to start 
the ionising process, the rate at which ions are formed 
increases ae a considerable current is soon built up. 

The effective resistance of the tube decreases as the 
current increases and a higher potential is, therefore, 
necessary to start the discharge than to maintain it. 
On the other hand, an atom does not retain for any 
appreciable time the excitation energy it has acquired as 
the result of a collision, but gives it up either in the form 
of heat to the walls of the tube or to other atoms ; 
or in the form of radiation, which may or may not 
be visible. In the latter case the energy may be 
given up in one or in a series of doses, each of which 
corresponds to a particular wavelength and, there- 
fore, to a particular line in the radiation spectrum. 
Some of the paths in which the atom can return to 
normal are, moreover, traversed more frequently than 
others. The number of excited atoms which return 
to the normal] state by a particular path is shown 
by the intensity of the line in the spectrum which is 
related to that path. The particular path selected and, 
hence the intensity of the corresponding spectrum line. 
are influenced by such factors as the current density 
and gas pressure in the tube and the presence of other 
gases. For instance, in the low-pressure mercury dis- 
charge lamp, some 50 per cent. to 60_,per cent. of the 
input energy is emitted at 2,537 A in the ultra- 
violet region and only about 1-5 per cent. in the visible 
region of the spectrum. In the high-pressure mercury- 
discharge lamp, on the other hand, less than 1 per cent. 
of the energy is emitted at 2,537 A., and some 10 per 
cent. in the visible part of the spectrum. 

The mains-voltage fluorescent lamp, like the simple 
discharge lamp, consists of a glass tube into each end 
of which is sealed an electron-emitting electrode. This 
tube contains a rare gas at a low pressure and a small 
globule of mercury. As mentioned above, a consider- 
able proportion of the radiation produced in such a 
tube is in the short wave ultra-violet region of the 
spectrum and is normally completely absorbed by the 

walls of the tube. In the fluorescent lamp, how- 
ever, the ultra-violet radiation irradiates the layer of 
fluorescent powder on the inside wall of the tube and is 
thus converted into visible light. Each fluorescent 
material has two important characteristics : it responds 
to a definite waveband and it emits a definite range of 
wavelengths in the visible region’ as a continuous 
spectrum. This determines the characteristic fluores- 
cent colour of the material. This colour can be illus- 
trated diagrammatically by means of a curve—the 
radiation characteristic of the powder—which shows 
the energy in each wavelength. This radiation charac- 
teristic is largely inde ent of the wavelength of 
the incident ultra-violet radiation exciting it. A 
powder does not, however, respond equally to radiation 
at different regions in its excitation band. A second 
curve—the excitation characteristic—can be drawn 
illustrating the sensitivity of a powder to the ultra- 
violet radiation wavelengths. Thus each material can 
be denoted by these two characteristics, so that its 
utility for any particular requirement can be assessed. 

It has not been possible hitherto to obtain satis- 
factory colour rendering by the use of a simple 
fluorescent powder, since though all powders tend 
to give bands of light with a well-defined maximum 
in some regions of the visible spectrum, they are deficient 
in light from other regions. To overcome this difficulty, 
the fluorescent coating consists of a number of different 
powders selected so that their emission bands occur in 
complementary regions of the visible spectrum, The 
proportions of the component powders present in the 
mixture are adjusted to give the desired luminosity 
distribution throughout the spectrum. The resultant 
light contains al] the wavelengths in the visible spec- 
trum required to give a natural white light closely 
resembling sunlight. 

The efficiency of the tube is determined largely by 
the intensity of the powerful mercury line at 2,537 A, 
which is mainly responsible for exciting the fluorescent 
coating. The intensity of this 2,537 A line is influenced 
by the vapour pressure of the mercury which, in turn, 
is controlled by the temperature at which the tube 
operates. The efficiency will, therefore, depend to 
some extent on the temperature of the surrounding air. 
The tube has its rated efficiency when burning un- 
enclosed with an ambient temperature of 20 deg. C. 
At lower ambient temperatures the efficiency is some- 
what lower, but this tends to be offsst when the tube 
is enclosed in a fitting. At higher ambient tempera- 
tures the efficiency /temperature curve is fairly flat up 
to about 40 deg. C. 

(To be continued.) 





*“CaPacity OF A TRAFFIC LANE”: ERRATUM.—It is 
regretted that a typographical error occurred in the above 
article which app d in ourissue of November 8. Half 
way down the left-hand column on page 434, ante, the 
differential of pq was given as pdq+vdp. This 
should, of course, read d(pq) = p dq + qdp. 














476 





ENGINEERING. 





Nov. 15, 1946. 











FIRE AND EXPLOSION RISKS. 
Tue first of a series of three special lectures on 
methods of dealing with industrial hazards was de- 
livered before the London section of the British Asso- 


ciation of Chemists on October 7. The lecturer was | Lt contains no recommendations but widely surveys the 


Mr. J. H. F. Smith, M.Sc., F.R.I.C., one of H.M. 
Inspectors of Factories, and his subject was “ Fire and 
Explosion: Inflammable Concentrations and Ignition 
Temperatures.” At the outset, Mr. Smith stated that 
any explosion which through every room and 
passage in a factory was almost certainly a dust 
explosion due to the firing of a dust and air mixture. 
This type of explosion could be caused by many common 
materials such as starch, gums, sugar, cork dust, 
aluminium powder and magnesium powder. An explo- 
sion which had killed 18 people, injured many others 
and completely destroyed a works, had been caused by 
the apparently harmless material starch. Most indus- 
trial explosions were due to dust, liquid spray, gas or 
vapour in intimate mixture with air. In all cases there 
were lower and upper limits of concentration for a 
mixture to become explosive. The limits for gases and 
vapours in air had been accurately ascertained. For 
dusts the lower limits were about 0-02 oz. to 0-04 oz. 
per cubic foot of air. The upper limits for dusts were 
not really known ; neither were the limits for sprays. 
After an intimate mixture in the right proportions of the 
inflammable material with air had been made, either 
accidentally or in the course of some manufacturing 
process, an explosion would occur if'’some point in the 
mixture were heated to the ignition temperature. The 
speed of the explosive wave spreading through the 
mixture from the igniting source could be as low as 
50 cm. per second or as high as 2,000 m. per second, 
The latter value was encountered in hydrogen-air 
explosions and caused a shattering effect ; explosions 
at the lower rates, however, might not be so serious 
if the explosive mixture were not confined. 
Whenever an explosion occurred or its possibility 
was considered, there was always speculation concern- 
ing sources of ignition. This was the wrong approach ; 
what should be considered was the avoidance of an 
inflammable concentration. When considering bulk 
solids the avoidance of inflammable concentrations was 
not important, except in a few instances, such as those 
of phosphorus and the alkali metals; it was an 
important principle, however, when certain solids were 
ground from bulk to powder. In some grinding plants 
attempts were made to provide sufficient air dilution 
to keep the concentration of dust in the plant below the 
lower inflammable limit. Difficulties occurred in this 
connection in starting and stopping the plant, and, in 
any case, the dust concentrations necessarily passed 
through the inflammable range in the cyclone or bag- 
filter sections of such plants. A very good method was 
to replace the air by inert gas, but in many instances 
this method was difficult to apply ; hence, in practice, 
the elimination, as far as possible, of sources of ignition, 
and the protection of employees from injury should 
an explosion occur, were the precautions most often 
adopted. The worst catastrophies were not directly 
due to dust explosions inside the plant. What usually 
—— was that a small primary explosion occurred 
inside the equipment, causing it to burst at some 
point. This relatively minor explosion then stirred 
up dust in the workroom from rafters, shelves, window- 
sills, plant casings and so on, and a more serious explo- 
sion followed. It was, therefore, essential that all 
dust extraneous to the plant should be removed. 

Tanks containing inflammable liquids should be 
**mounded”’ to prevent the spread of the. liquid 
should the tank leak. The usual method was to erect 
low walls of concrete or other impermeable material, 
of sufficient size and strength to retain the whole of 
the liquid in the tank. Where there were several 
tanks in a room, “‘ mounding” of doors and of all 
openings in the floor, including drains, was desirable. 
Gauge glasses on tanks were a source of danger and 
self-closing valves were recommended, the valves being 
open only when, a reading was taken. Dangers due to 
the application of heat to tanks and drums which had 
contained inflammable substances were not always 
appreciated. The welding, cutting or soldering of 
vessels which had contained volatile inflammable 
solvents was obviously risky unless suitable precau- 
tions were taken. The safest method of treating such 
vessels when they had to be repaired was to steam 
them out, and then, if possible, to apply a suitable 
test for the presence of inflammable vapour. Less 
obvious, but equally serious, dangers could arise in 
apparently empty tanks or drums in which there were 
residual amounts of materials which normally had 
quite high flash points. Thus, oxy-acetylene welding 
or cutting of drums which had contained Diesel oil, 
linseed oil, or a solid organic ester, had caused fatal 
accidents. In the electrical industry, serious explo- 
sions due to solvent-vapour air mixtures had occurred 
during the impregnation of materials with varnish. 
For this reason, practically all impregnators were now 


LABOUR NOTES. 


Tue report of the Asquith Commission appointed in 
October, 1944, to consider the subject of equal pay for 
men and women was issued on Thursday last week. 


social and economic effects which the majority believe 
would be likely to follow a general application of the 
principle to commerce and industry. The main report 
expresses the opinion that to do away with existing 
wage rate differences would lead to “a greater diver- 
gence between the standards of living of men and women 
as a whole.” Dissent from the conclusions of the majori- 
ty is recorded in a memorandum signed by three of the 
four women members of the Commission. Equal pay 
in terms of “‘ the rate for the job ”’ for the Civil Service, 
the Post Office, and teachers is generally approved. 





The application of the engineering trade unions for 
a reduction of working hours from 47 a week to 40 a 
week without loss of pay, and certain other issues 
involving wage rates, was discussed at a meeting in 
London, on Thursday last week, of a joint sub-commit- 
tee of the National Engineering Joint Trades Movement 
and the Engineering and Allied Employers’ National 
Federation. No definite decisions were arrived at, and 
further discussion on the points raised was deferred 
until November 26. 


Very little information was published with official 
consent concerning the meeting of the General Council 
of the Trades Union Congress which the Prime Minister 
and the Minister of Defence addressed on Tuesday last 
week. In well-informed circles, however, it was 
assumed that Mr. Attlee’s appearance was due to a 
desire personally to explain defence needs which 
demanded, in the Government’s view, a longer period 
of conscription than had been bargained for, and which, 
in fact, might require some increase in the man-power 
given to the Services next year. Mr. Alexander is 
understood to have supported the Prime Minister’s 
appeal to the trade unions to do everything possible to 
help the Government by enabling the necessary 
adjustments in industry to be made. 





These adjustments the General Council will, as a 
matter of course, find it difficult to make, as was 
indicated clearly enough at Brighton, and not much 
less sharply, by the number of little local stoppages 
that are taking place up and down the country. The 
output of work which the situation calls for and the 
Government requires, is being retarded by rank and 
file adherence to pre-war restrictive practices and the 
reluctance or inability of executives to deal affectively 
with the matter. Output is, however, the prime neces- 
sity of the moment and, if there is failure to maintain 
it, the consequences economically may be serious for 
the nation. 





Mr. Shinwell, the Minister of Fuel and Power, pre- 
dicted at a meeting of miners at Barnsley that the day 
would come—“‘ and many would live to see it ”—when 
miners would have not a seven-hour day but a six-hour 
day. He believed, he said, that we could get all the 
coal we needed if miners worked five full shifts a week. 
It was all, in his opinion, a question of conditions. But 
they could not have a five-day week unless there was 
adequate production. 


Continuing, the Minister said that he wanted to see 
the status of mine managers improved. Some mine 
managers were hardly earning as much as some mine- 
workers. There was an immediate problem of not 
having enough coal. There were far too many un- 
official disputes. If we were to have an ordered and 
planned society and a decent standard of life we had 
to make the best of our natural resources and there 
ought to be a better understanding. 





Mr. J. W. Belcher, Parliamentary Secretary to the 
Board of Trade, who opened the debate on home and 
overseas trade in the House of Commons last week, 
said, in the course of his speech, that it was clear that 
we must very largely increase our production if we were 
to satisfy our own consuming public and the minimum 
exports which we must as rapidly as possible achieve. 
It was also clear that apart from the comparatively 
small number in the development areas, we had no 
further resources of man er that we could use once 
demobilisation was complete. The only way out was 
to increase output per man-year throughout the whole 
productive processes and prevent a wasteful drawing 
off of man-power into unnecessary occupations. 





not mass unemployment, but the lowering of the stan- 
dard of living due to the slow advance of the produc- 


equally the task of management and labour. B 
sides should be prepared to put behind them = 
methods and ideas associated with the era of mags 
unemployment, and tackle the new era of full employ. 
ment with open minds, free from inhibitions, F 





Referring to “time and motion ’’ study, Mr. W. L 
Wyatt, the Labour Member for Aston, suggested in g 
contribution to the debate that the Government should 
lay down standards for timing in industry and make 
regulations which would prevent anyone being a rate. 
fixer who had not a Board of Trade certificate. That 
would, he believed, tend to remove suspicion. 





An agreement reached in Manchester last week by 
representatives of the employers and the trade unious 
in the textile finishing industry provides for the intro. 
duction of a five-day working week of 45 hours and 
an increase of wage rates. About 30,000 workers in 
the dyeing, bleaching, printing and finishing trades in 
Lancashire, Yorkshire, Cheshire, Derbyshire and Scot- 
land will benefit. Adult time workers will receive an 
increase of 3s. a week, women an extra 2s. 6d. a week, 
and juveniles proportionate advances. 





In accordance with a recommendation in the report 
of the Working Party for the industry, the Cotton 
Spinners and Manufacturers’ Association and the 
Northern Counties Textile Trades Federation agreed 
at a meeting in Manchester last week, presided over by 
the Minister of Labour and National Service, to the 
setting up of a Commission of Inquiry into the weav- 
ing side of the cotton industry. The terms of reference 
will be “‘ to review the wage arrangements and methods 
of organisation of work in the cotton-weaving industry 
and to make recommendations.” 





The latest survey of average weekly earnings carried 
out by the Ministry of Labour and National Service 
records some interesting figures. They relate to 16 of 
the nation’s principal industries and the period covered 
was the last week in July this year. The average wage 
for the nation as a whole during the week, before 
deductions for P.A.Y.E. or other contributions, was 
5l. Os. 5d., or 89 per cent. over the pre-war average. 
This compared, it is stated, with 2/. 13s. 3d. in October, 
1938, 37. 98. 2d.in July, 1940, 47. 12s. 7d. in July, 1943, 
4l. 16s. 8d. in July, 1944, 41. 16s. ld. in July last year 
and 41, 12s. 7d. in January this year. Payment for 
overtime, night work, piece work and other extras are 
included. The percentage increase is reduced from 
89 to 56 or 57 if the average level of rates of wages for 
@ full ordinary week’s work, exclusive of overtime, is 
computed. 





Average weekly earnings in ironstone mining and 
quarries, were, in July this year, 5/. 9s.—an increase of 
92 per cent. compared with October, 1938; in metal, 
engineering, and shipbuilding they were 51. 13s. 8d.—an 
increase of 91 per cent.; and in transport (excluding 
railways) they were 5/. 12s. 10d.—an increase of 72 per 
cent. Within each of the principal industries surveyed, 
however, there were notable variations. For example, 
while the average for textiles generally at 31. 16s. 3d. was 
far below the national average of 51. 0s. 5d., the separate 
average for rayon and nylon yarn-spinning was above 
it at 51. ls. 8d. 





Trades with high average earnings included pig-iron 
manufacture (61. 15s. 4d.), steel smelting and rolling 
(6l. 138. 3d.), shipbuilding (67. 9s. 5d.), motor vehicle 
and aircraft (61. 4s. 2d.), dock and harbour services 
(61. 0s, 6d.) and cement 6/. 0s. 1d. 





Giving the first of the Fabian Society Jubilee lectures 
in London last week, Mr. Charles Dukes, general secre- 
tary of the National Union of Municipal and General 
Workers, declared that trade unions must remain free 
and independent. Collective bargaining, he said, was 








purged with inert gas. 





tivity of labour. Increase in productivity was, he said, 





as essential under State-ownership of industry as in 
private enterprise. Just as in a democracy, the idea 
of a single political party State was rejected, trade 
unionists rejected the idea of making their organisa- 
tions part of the State machinery. 





Mr. Dukes continuing, said that as their limited 
function of negotiating wages and hours and conditions 
was broadened to embrace managerial responsibility, 
consultations regarding production processes, and per- 
sonnel management, these responsibilities would 
inevitably develop towards a higher sense of obligation 
The danger to-day was, in Mr. Belcher’s opinion, | to the community which industry served. “ We must 
induce,” he declared, ‘‘ by all practical steps poasible, 
the spirit and determination of the war period to make 
the winning of the peace as certain,as we won the war.” 
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APPARATUS FOR TESTING THE 
SHEAR STRENGTH OF SOILS. 


TnE equipment illustrated on this page is manu- 
factured by Messrs. K. C. Productions, 184, New 
King’s-road, Fulham, London, 8.W.6, for determining 
the shear strength of soils under known and controlled 
stress conditions. Before describing the basic prin- 
ciples of the “ triaxial compression apparatus,” as it is 
called, it may be found useful to refer to an article on 
an apparatus designed for the same purpose which was 
published in EnGIngeErtNa, vol. 153, 501 (1942), 
since the earlier ‘part of that article discusses the 
general problem. The apparatus there described con- 
sisted essentially of a box containing the soil sample 
and split longitudinally, the shear strength of the soil 
being measured by the resistance to relative movement 
of the halves of the box, when the lower half is moved 
at a constant speed. The term “ triaxial ” used above 
is derived from the radically different technique 
embodied in the apparatus described below. In this, 
the sample is enclosed in a thin-walled rubber tube, 
which is completely surrounded by water contained in 
a larger transparent tube, the water being under 
pressure. This assembly can be distinguished in the 
illustration in the centre of the apparatus and it will be 
seen that the longitudinal axis of the two concentric 
cylinders is vertical. Pressure is applied to the sample 
in the axia] direction by mechanical means and in the 
radial direction by hydraulic means. This radial 
pressure is naturally applied to the whole of the cylin- 
drical surface of the tube containing the sample, but 
to facilitate description it may be considered to act in 
two vertical planes at right angles to each other in 
plan. Hence the sample is considered to be subjected 
to pressure along three mutually-perpendicular axes. 

Since the conditions set up by this method of test 
are similar to those obtaining in actual practice on a 
cylindrical portion of soil, it is maintained that, at least 
as far as granular materials are concerned, the use 
of the triaxial apparatus enables the required stress 
conditions to be reproduced, and the test conditions 
known and controlled, with a high degree of accuracy. 
Moreover, since the sample is visible under all condi- 
tions of load, the exact moment of failure under shear 
can be determined and also the nature of the failure. 
Thus, when the soil is of a soft putty-like consistency, 
the rubber container assumes a barrel-shaped contour, 
by bulging in the centre, but when the sample is 
of a hard granular nature, a shear plane will develop 
at an angle of approximately 45 deg., and this is indi- 
cated by the snhens distortion of the envelope. The 
axial pressure is applied by forcing a piston vertically 
downwards on to the top of the rubber tube by worm- 
gear mechanism and the latera] pressure is applied by 
a hand pump, which is capable of producing pressures 
up to 60 Ib. per square inch. The hydraulic pressure 
is measured by the ordinary pressure gauge seen to the 
right of the back board which is attached to the 
U-shaped frame ; the bottom arm of the frame carries 
the testing cylinder and the top arm the lead screw and 
worm gear which applies the vertical load. The frame 
is of cast iron and is designed to withstand a total 
load of 10,000 lb. applied at the screw axis. The box- 
like structure on the top of the arm is merely a reservoir 
for the water required. 

The compression cell consists of a gunmetal base 
and a cap, between which is clamped the “‘ Perspex ” 
cylinder forming its outer wall. The base has con- 
nections for the pressure water and for forming a 
vacuum when needed, while the cap carries the piston, 
the lower part of which is in contact with the top of 
the sample container while the upper face is formed 
with a ball in contact with the vertical loading 
mechanism. This mechanism consists of a screw 
pressing on a pair of clamps holding the top of a 
vertical ring, the bottom of the ring carrying a similar 
pair of clamps, and the face of the lower clamp 
being in contact with the ball on the piston. Down- 
ward movement of the screw, which is effected by the 
handwheel seen on the front of ‘the frame through 
worm gearing, is, therefore, communicated to the 
piston through the ring. This is of mild steel and 
deflects under pressure, the amount of deflection being 
measured by the dial gauge seen at its centre. This 
gauge is attached to the upper clamp and its anvil 
rests on the lower clamp. The deflection of the ring 
is a measure of the load, the dial being calibrated in 
pounds per square inch. The compression of the 
sample is measured by a second dial gauge attached 
to the frame and having its anvil resting on the lower 
clamp. The load on the sample the amount 
of deformation are measured at intervals during a 
test, and from the readings obtained a stress-strain 
curve can be plotted. From a series of such tests the 
cohesion and frictional characteristics of the soil are 
obtained. It will be understood that the radial pres- 
sure represents the static loading and is not increased 
during the test; the axial pressure, however, is 
increased ively until the specimen fails. 
Although the pressure within the compression cell 
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has been described as being hydraulic, this statement 
is only partly correct, as the pressure is applied to the 
water by air obtained from the pneumatic hand pump 
seen at the bottom of the stand on which the apparatus 
is mounted. Briefly, the application of the radial 
compressive stress is as follows. The pump delivers air 
into a pressure tank which is first partly filled with 
water from the top reservoir, the communication 
between the two being then cut. The compression 
cell is then put into communication with the pressure 
tank and filled, after which the air pump is actuated 
to give the required pressure. On completion of a test 
the water in the cell is returned to the reservoir; all 
these operations are effected by the manipulation of a 
cock having five positions. The container for the 
sample, as already mentioned, is of thin rubber; it 
has a diameter of 14 in. and a length of 3 in. When 
the sample of soil has been placed in it the ends are 
sealed with flat plates secured to the walls. When no 
consolidation is required, these ends are solid and the 
pressure water does not enter the sealed sample. When 
preparing samples of sand, perforated end pieces are 

, and the samples are built up inside a metal 
“ former,” flooded, and then drained by applying a 
vacuum. The “former” is then removed and the 
sample inserted in the compression cell. The vacuum 
is destroyed and subsequent changes in volume are 
followed by observing the movements of water in a 














tube connected with the interior of the sample. The 
pressure of the water in between the sand particles 
does not affect the frictional shear strength and pro- 
duces more exactly the conditions normally existing 
in a load-bearing sandy stratum. It may ‘be men- 
tioned that the load-applying mechanism in the 
triaxial compression apparatus is fitted with a rapid 
traverse to save time when a tested sample is being 
removed. 

The pupaentne is easy to operate, though it will, be 
evident that the correct interpretation of the results 
requires a certain amount of experience and skill. 
The total height of the complete apparatus is 6 ft. 
and. the floor space required is 3 ft. by 1 ft. 11 in. 
It is finished in chromium or other oil and water-resisting 
material. The importance of the measurement of the 
shear strength of soils in connection with engineering 

roblems is emphasised in a paper read in March, 1945, 
by Mr. Hugh Quintin Golder, M.Eng., A.M.Inst.C.E., 
before the Glasgow and District Association of the 
Institution of Civil Engineers. Mr. Golder pointed 
out, after explaining the principles and methods 
involved, that the shear strength was used to calculate 
the stability of banks of earth, of cuttings, and of 
earth dams by the circular are graphical method and 
was employed to determine the ultimate bearing 
capacity of foundations either by graphical means or 

calculation from a formula. The active pressure 
of earth on a wall, either of the gravity or sheet pile 
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type, or the passive resistance of earth in front of a 
wall demanded a knowledge of the shear strength of 
the earth. Often enough also, he said, the shear 
strength would lead to a more accurate estimate of the 
bearing capacity of a pile than calculations based on the 
** set’ or driving resistance. Other useful applications 
of shear strength of soils were in determining the pres- 
sure on the lining of a tunnel driven through material 
other than rock, and in designing runways or roads. 





NOTES ON NEW BOOKS. 


Small Vessels. By Waurrr Poiwock, M.I.N.A. Pub- 
lished by the author at Wybourne Grange, Tunbridge 
Wells, Kent. [Price 20s. net.] 


For more than half a century, as he states in the preface 
to this book, Mr. Walter Pollock has been engaged in 
the design and construction of small vessels, and in 
the course <! that time he has been directly concerned 
with the tuilding of some 2,760 of them ; a figure which, 
the contents of the book suggest, presumably includes 
dumb barges, pontoons and dock caissons as well as 
self-propelled vessels, but which, however regarded, 
indicates a very wide range of highly specialised experi- 
ence. The book is liberally illustrated, partly by 
reproductions of photographs and partly by line drawe 
ings. Most of the sections in the descriptive portion 
are accompanied by tabular statements of the principal 
dimensions of typical vessels; each of these bears a 
reference number, but the text does not indicate to 
which of the tabulated vessels the illustrations relate. 
The later chapters contain “ Hints on Details,” which 
will be found useful by those engaged in design work of 
this kind; problems of delivery—in which section is 
mentioned the interesting fact that Thames swim 
barges have been towed as far as the west coast of 
Africa, a distance of over 3,000 miles ; building agree- 
ments and specifications ; and a glossary of technical 
terms. While the book mingles in rather a curious 
way the characteristics of a text-book and a catalogue, 
it contains a good deal of information not to be readily 
found elsewhere except by the laborious process of 
searching the technical Press for detailed descriptions 
of specimen vessels of the many types dealt with, and 
even this method would not cover the whole of the 
ground over which the author’s survey ranges. 





Legal Phases of Construction Contracts. By I. VERNON 
Wergyy, LL.B. McGraw-Hill Book Company, 
Incorporated, 330, West 42nd-street, New York 18, 
U.S.A. [Price 2.75 dols.] and the McGraw-Hill 
Publishing Company, Limited, Aldwych ‘House, 
Aldwych, London, W.C.2. [Price 14s.}. 


AMERICAN legal practice differs considerably from 
British practice, so that this book is likely to have a 
somewhat limited appeal to the British engineer 
engaged on engineering constructional works; for 
instance, as the author of this book points out, the 
United States courts do not generally favour reference 
to arbitration in the case of disputes on matters of 
detail. British practice tends in the opposite direction, 
the arbitration clause in contracts Ries quite fre- 
quently invoked ; thus British courts are not occupied 
to the same extent with disputes on relatively trivial 
points. To engineers and others who wish to acquire 
some general knowledge of American practice, however, 
this book may be commended ; the author is not only 
a member of the New York Bar, but also has the 
advantage of an engineering training and is an associate 
member of the American Society of Civil Engineers. 
Some of the 46 chapters go into considerable detail in 
discussing the questions at issue, but others almost 
establish records in brevity (for example, Chapter 9, 
containing only two paragraphs, together occupying 
no more than half a page) and merely record the findings 
in particular cases. 





EXHIBITION OF PLASTics.—An instructive exhibition 
illustrating the present and future uses of plastic materials 
is being held daily, from 10 a.m. to 7 p.m., until Wed- 
nesday, November 27, at Dorland Hall, Lower Regent- 
street, London, 8.W.1. The exhibition, organised jointly 
by The Daily Graphic, Kemsley House, London, W.C.1, 
and the British Plastics Federation, 47, Piccadilly, 
London, W.1, has been arranged to illustrate the achieve- 
ments of the plastics industry and its future possibilities 
to the general public. In consequence, the display, which 
is remarkably varied, deals more with furnishings, using 
the term in its widest sense, than with technical products. 
Nevertheless, the engineer should find among the ex- 
hibits some which make a definite appeal to him: there 
are, for example, a hand-injection moulding machine in 
operation, a high-frequency spot-welding machine for 
joining plastic fabrics instead of sewing them, acid- 
resisting buckets for chemical works, road-marking studs, 
etc. A good idea of the suitability of different methods 
of manufacture, such as extrusion, laminating, casting, 
moulding, etc., is given by illuminated photographs with 
attached descriptions and actual examples of parts made 
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ATOMIC PARTICLES AND 
LIGHT QUANTA.* 


To investigate the nature of matter, a study may be 
made of its relationship to time and space, in addition 
to an examination of its physical, chemical, and bio- 
logical rties. r noting its discontinuous 
character, the problem of its ultimate structure may 
be considered, thus leading to the atomic particles 
from which all matter is built up. It might appear 
that such investigations could be carried out exhaust- 
ively by examining matter in the form of ever smaller 
particles, but such a procedure is not so simple as it 
appears because there are limits to the mechanical 
possibilities of subdivision and also because means 
must be provided for identifying the ultimate particles 
and for investigating their properties. For these 
reasons, the course which the investigations have 
followed has been long and arduous and the end has 
not yet been reached. It has been shown, for example, 
that the ultra-microscopic domain forms a new world 
which is characterised, not only by the extremely 
minute dimensions involved, but also by the completely 
different laws which operate in that domain, concerning 
which no hint had been perceived formerly. From the 
great scope of the ultra-microscopic state it is only 
proposed to consider here a very limited section con- 
fined to the discovery and characteristics of the atomic 
particles and light quanta, with special reference to 
their relationship and to the constitution of matter. 

ifty years ago, reference to the smallest particles 
of matter meant the molecules and their component 
atoms which were chemically irreducible. At that 
time, these units were believed to be the ultimate 
particles of the Greek philosopher Democritus, although 
more than 100 years ago the view was put forward 
that the atoms might be built up of constituent par- 
ticles. This view was based on the fact that almost 
100 chemical elements were then known to exist, of 
which the atomic weights differed more than 200-fold, 
and by the further fact that these atomic weights were, 
in many cases, whole multiples of one another. A still 
further ground for this view was the Periodic Law, 
which stated that the elements are periodic functions 
of their atomic weights. 

The fact that particles existed which were very 
much smaller than atoms had been shown by electrical 
researches, largely confined to the domain of physics. 
The starting point of these was Faraday’s law of electro- 
lysis, according to which the same electric™current 
would separate out 1-008 gm. of hydrogen and 107-88 
gm. of silver, which are quantities having the same 
ratio as the atomic weights. In the case of many 
substances, however, only one-half or one-third of 
the corresponding quantity is deposited, and this was 
explained by the assumption that the current-carrying 
metal ions all conveyed the same charge whether they 
were single-, double-, or triple-fold basic units. These 
results led Helmholtz, in 1887, to the conception of an 
elementary unit of electricity the magnitude of which, 
as derived from measurements of electrolysis, was found 
to be 1-6 x 10- coulomb. A natural corrollary to 
this conclusion was that, in every case, including, for 
, example, charged bodies, the electricity is built up 
of such elementary quanta and the direct experimental 
roof of this was first made possible when it became 

own by what means “ pure electricity” could be 
released from matter. 

In 1859, Pliicker discovered cathode rays and these 
rays first became widely known when Sir W. Crookes 
published the result of his brilliant researches on “‘ Matter 
in the Fourth State.” For a long time the question 
of what cathode rays were remained unsolved, and 
it was only when A. Schuster succeeded in demonstrat- 
ing that they were composed of electrical particles of a 
mass which was almost incredibly smaller than that of 
the atom, that the path to a clear understanding of this 
phenomenon was opened up. Schuster showed that 
cathode rays are propagated in straight lines and con- 
sequently cast sharp shadows and that they carry a 
negative charge. It thus became possible to apply the 
following energy relationship: the work done corres- 
ponding to the electrical potential V and the electric 
charge e can be equated to the kinetic energy acquired 
by the particle, that is 


Ve= tm? 
or 


ea-2ve. 
m 


This relationship, however, is by no means sufficient for 
the calculation of the mass m of the electric particle. 
For this purpose, it is necessary to carry out another 
experiment, and one way of doing this is as follows: 
if the cathode-rays are allowed to between Be ol 
sitely charged plates, as shown in Fig. 1, they will be 





* Translation of article by Professor H. Greinacher, of 
Berne, published in the Schweizerische Technische Zeit- 


deflected and the amount of this deflection is related to 
the speed and to the ratio ~. The same kind of 


calculation can then be applied as that which defines 
the vertical motion of a bullet fired in a horizontal 
direction. In this way, two equations are obtained for 
two unknown quantities and in this case, the two 


unknowns are the velocity v, and the ratio <. Many 


methods are available for obtaining these quantities, 
because the cathode-rays viewed as a stream of charged 
particles is an electric current and can therefore be 


deflected by magnetic means so that the laws of electro- 
dynamics can applied to their motion. If the 
cathode-ray passes through a uniform magnetic field of 


intensity H oersted, the force acting on the ray will be 
such as to bend it into a circular path as shown in 
Fig. 2, the relationship between the strength H of the 
magnetic field and the radius r of the circular path being 


. 
v=-—Hr. 
m 


Any two of these three relationships may be coupled as 
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simultaneous equations, thus giving three alternatives 
for determining the required values of v and <. Experi- 


ment shows that when v is varied, the ratio < remains 


constant in magnitude, viz., 
< = 1-759 x 10® coulomb per gm. 


In this way it was proved that the charge and the 
mass are always linked together, otherwise the ratio 


. would become infinite. 


As regards the magnitude of m, however, nothing 
has been said so far, and, indeed, at the time when 
this stage of knowledge had been reached, it was not 
known that such discrete particles were concerned in 
the phenomena, since the foregoing three equations 
could have been derived if cathode-rays were found to 
consist of a continuously distributed charge. In such 
@ case, @ given portion of such a ray could be con- 
sidered as having a mass m and a charge e, and the 


ratio < would then give the magnitude of the charge 


per gramme, that is to say, the specific charge. It was, 
owever, & reasonable assumption that the electricity 
of the cathode-ray was the same as that of electrolysis, 
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of the mass m as a discrete particle, Sites i 
of this mass with that of the atom of ipdson 
then obtained as follows. For the hydrogen ion of 
electrolysis it is known that 


< = 95,780 coulombs per gramme, 


and, under the assumptions that the cathode-ray jg 
composed of discrete particles, and that each particle 
has the same charge as that of the hydrogen ion, it 
follows that 
M%q _ 1-759 x 10° 
m  0+9578 x 105 
where m, is the mass of the hydrogen ion. Since the 
hydrogen atom in the neutral state contains one 
negatively-ch particle, it follows that the mass 
of the atom of electricity, that is, the mass of the 
electron, is 1,837-5 times lighter than the lightest 
chemical atom, from which it follows that 
m= 9-11 x 10-8 gm. 
In 1891, the name “ electron ” was given by Johnston 


= 1,836-5, 








and this view led to the deduction of the magnitude 





Stoney to the atom of electricity. Subsequently it 


Fig.4. 
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was found that electricity in the pure form exists not 
only as cathode-rays, but also, for example, becomes 
released when a substance is heated or is irradiated. 
It can also be released by the application of very 
intense electric fields of force. Radioactive substances 
emit electric particles spontaneously in the form of 
damped f-rays. In all these different forms for 


obtaining pure electricity, the ratio = has the same 


value and this result leads to the conclusion that, 
in all cases, it is the same particle of electricity which 
appears, viz., the electron. 

The method described in the foregoing for deter- 


mining the mass m from the ratio S was always open 


to the objection that such a conclusion was one of 
probability, and it therefore became necessary to 
measure the ch e of the electron by some more 
direct method, and this has been done by Millikan in 
his “ floating drop ” condenser (see Fig. 3). In between 
two horizontal condenser plates are brought some 


drops of, for example, a non-vaporising oil. If one 
such drop is charged, say, negatively, then the upper 
plate of the condenser can be ch positively to 


such a degree that the electric attractive force on the 
drop will just balance its weight, in which case the 
following equation will hold, viz., 


(charge on drop) x (field strength) = mass x 
(acceleration of gravity). 


If, in addition, observation is made of the velocity 
with which the drop falls when the electric field is 
removed, the mass can be found and consequently the 
charge on the drop can at once be derived. Millikan 
found that this charge was always an exact multiple 
of a definite unit and that this unit was identical with 
the ionic charge of electrolysis. The value which is 
now recogni as being the most accurate for the 
charge of an, electron is 1-602 x 10-” coulomb. 
No smaller quantity of electricity is known, although 
many attempts have been made to obtain so-called 
*‘ gub-electrons ” (by Ehrenhaft, for example) but all 
have failed. It is now known that an electron is not 
merely an occasional accompaniment of the atom of 
matter but is an essential component of these atoms. 
No one now doubts the existence of the electron and, 
as Eddington has said, the existence of the electron is 
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tion was raised long ago whether this mass is real in 
the same sense as that of an atom, or whether the mass 
can be accounted for, either wholly or in part, by the 
inertia of the electron when accelerated. When an 
electron is in motion it forms an electric current and 
consequently there is an accompanyi ic field, 
and in order to establish the energy of this field, work 
must be done. The electron thus inertia 
resistance, the magnitude of which can be defined as 
the product of mass and acceleration. In this way, 
the mass can be accounted for as an apparent mass, 
but not as mass in the sense of weight. These concep- 
tions were fundamentally altered when Einstein’s 
special theory of relativity commenced its triumphant 
journey through the whole realm of physics ; that is to 
say, the theory of the equivalence of mass and energy. 
Since an electron at rest possesses energy it must also 
be allotted a “‘static mass.” It pa have ~— 
corresponding to its static charge it must 
have pore a of cohesion, otherwise its concentrated 
charge must become di due to the mutual force 
of repulsion between its parts, and by means of 
Einstein’s remarkable formula it is possible to derive 
some idea of the size of an electron. Suppose an elec- 
tron to be a charged sphere of radius a cm., then the 
energy of the charge will be 


ot 
24° 


where m, is the mass at rest, m is the mass at the 
velocity v, =*, and c= 3.x 10 om. per second, 


and is the velocity of light. The mass increase only 
becomes appreciable when the velocity is enormously 
greater than those values normally encountered. In 
the case of cathode-rays, however, it is appreciable. 
In accordance with the foregoing equation, it is possible 
to make the mass of an equal to that of the 
earth if the ratio g is made sufficiently nearly equal 
to unity. 

Little as is known of the constitution of the electron, 
it is at least known that it is not a simple static struc- 
ture ; on the oo’ , it behaves like a minute spinning 
top, and, because of the electron charge, the spin can 
be demonstrated. A rotating electric charge mes 
a current of electricity flowing in a circular path, and, 
as such, it forms a small electromagnet of which the 
poles lie in the axis of rotation. Moreover, since this 
spinning top is magnetised, its rotation can be influenced 
by an electric field. mee wae 98 & apernepe © 
spinning with its axis horizontal and if the wheel is 
forced to turn so that its axis becomes vertical, then 
a torque in the horizontal plane will be produced on 
the system. Similarly, if in a bar magnet the magne- 
tism is due to rotating electrons, then when the bar 
is magnetised along its axis, a mechanical torque will 
be developed about its longitudinal axis. This gyro- 





for e in electrostatic units, i.e., 4-806 x 10-** electro- 


Fig.5 











static units. If the same amount of energy be allotted 
as the “‘ cohesion energy,” the total static energy of the 
electron will be , 

3 


If then, in accordance with Einstein’s theory, this energy 
is equated to m c*, where c is the velocity of light, then 


; aoe 
a 


and, substituting, m = 9-11 x 10-* gm., e’= 4-806 x 
10-1 electrostatic units, and c= 3 x 10 cm. per 
second, it follows that 


a = 2-8 x 10-* cm. 


The result of this method of calculation must, how- 
ever, be taken with caution, because experience has 
shown that the normal laws of physics cannot be applied 
without qualification to bodies of atomic dimensions. 
It can be taken as certain, however, that the electron 
is about y@yyth part of the size of the atom. It would 
of course be very satisfying if it could be demonstrated 
by an actual Se that an electron has 
gravitational mass ; fortunately, as far as can be 
seen, no process of direct weighing can be used. To 
weigh a large condenser in its uncharged and its charged 
states, respectively, would be of no use because the 
process of charging would merely transfer a quantity 
of electricity from one plate to theother. An alterna- 


tive would be to charge a sphere and to weigh it before 
and after ing. In this case, however, long before 
a weighable quantity of electricity had been accumu- 


lated on the sphere, the charge would become dispersed 
on account of the high potential which the sphere would 
acquire, For example, if a sphere of the same radius 
as the earth were to be charged with 1 mg. weight of 
electrons, the potential of the sphere would have to be 
248-4 million volts. 

One other method, however, is available for weighing 
electrons, that is, to increase their weight by giving 
them a very high velocity, because the mass must 
then increase in accordance with the kinetic energy 
which is imparted to the electrons. The relation- 
ship between mass and velocity is given by Einstein’s 


magnetic effect has been observed and measured by 
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Einstein and Haas. Their investigations were based 
on the assumption that the magnetism of the bar is 
due to the electrons circulating round the atom core ; 
that is to say, is due to the elementary “ ampere 
currents.” The value ured by Einstein and Haas 
was only one-half the expected value, and the explana- 
tion was the fact that the electrons have a supple- 
mentary magnetic effect due to spin on their axes 
(see Fig. 4, opposite). All electrons have the same 
magnetic moment, viz., that of a “magneton,” the 
value of which is given by the expression 

S408 

m’ 4n 
where h denotes the elementary energy quantum, viz., 

h = 6-62 x 10-* erg sec., 

and is Planck’s universa] constant. 

It is usual to express atomic magnetism in these 
units, and it is to be observed that the conception of 
an “ electron spin ” was introduced in 1925, as a rather 
bold hypothesis, by Uhlenbeck and Goudsmit for the 
purpose of explaining some puzzling characteristics of 
pet The split D-line of sodium, and the existence 
of doublets, are explained in this way. 

For a long time, electrons were the only elementary 
particles known, and the question was asked many 
times whether positive electricity also existed: this 
question was answered many times in the negative. 
Nevertheless, electrolytic ions showed that positive 
electricity does exist in units but always linked with 
the atoms, and the next problem was to find out how 
the positive electricity was distributed in the atom. 
It was not known whether the atomic space was occu- 
~~ by a number of positive particles (as is known to 

the case as regards electrons) or whether the positive 
electricity was wholly concentrated apart from the 
electrons. It was known that some information in this 
respect could be obtained if a sufficient number of finely 
divided positive units could be obtained and could be 





parti 

atoms of helium. A further fact that was known from 
measurements of the bending effects on the a-rays of 
an electric and of a magnetic field, that > 
charge of an «-particle was twice that of the n. 
The great energy of these particles made it an easy 
matter to demonstrate their existence; for example, 
when an a-particle strikes a fluorescent screen, 8 

as one of zinc-sulphide, a flash of light is produced. 

In 1906, Rutherford had found that the a-particle, 
in penetrating through matter, exhibited hardly any 
dispersion. In 1909, Geiger and Marsden measured the 
d ion of the path of a-rays, when t 
through metal foil, by the scintillation m , and 
showed that, even in the case of very thin foil, changes 
of direction of the path of 90 deg. and more were experi- 
enced. This indicated that «-particles could be turned 
back (i.e., reflected) by a single atom and could not be 
explained on the supposition of a uniform distribution of 
positive electricity in the atom. Similar experiments 
with cathode-rays for the investigation of the distribu- 
tion of negative electricity showed a much more 
uniform arrangement. In the light of these results, 
Rutherford suggested the hypothesis that the positive 
charge is concentrated at the centre point of the atomic 
space and, as the positive c was always found to 
be linked with the matter itself, the mass of the atom 
must therefore be also concentrated at the centre. 

The a-particles, during their through the 
atom, show in general, no deflection or only a slight 
one due to the nucleus or core of the atom, and it was 
only in rare cases, when a very close approach to the 
core took place, that a very strong deflection occurred. 
Assuming the application of Coulomb’s law for the 
repulsion between the atomic core and the a-particle, 
Rutherford developed his dispersion theory in 1911, 
and this is illustrated in Fig. 5. All the particles move 
in hyperbolic paths the semi-axis of which has the value 
ZeE 
mv 
irrespective of the degree of eccentricity of the impact. 
For a direct hit of the a-particle on the nucleus, the 
result will be defined by the energy relationships ; 
a denotes the minimum distance which can be attained 
between the atom core and the mid-point of the a- 
particle. For the heaviest atom (uranium), which 
has a 92-fold core charge, and using polonium a-rays, 
which have a speed of v = 1-59 x 10° cm. per second, 
the value of a becomes 2-53 x 10-* cm. The radius 
of a uranium core and of an a-particle are together 
less than 2-53 x 10-% cm. Thus the core of even 
the heaviest atom has a diameter of only a small 
multiple of 10-* em., that is, only about th 
part of the radius of the atom. On the other 5 
this result shows that a-particles are helium nuclei, 
which have lost their two normally accompanying 
electrons. 

Electrons /and a-particles have been the most 
thoroughly investigated of all electric particles and 
since «-particles were the only heavy particles emitted 
by radioactive substances, they were for a long time 
regarded as fundamental electric particles. This view 
appeared to be strengthened by the fact that the atomic 
weights of many elements were multiples of four, 
which is the atomic weight of helium; examples are 
B, C, O, Si, and 8. But four is not the lowest common 
multiple, and there are many other elements with 
whole numbers for their atomic weights, such as 
Li (7), Al (27), P (31), K (39), and so on. It follows 
therefore that it would be reasonable te consider that 
the fundamental unit of the core structure is not the 
helium core, but the hydrogen core, that is, the proton. 
This view was supported by the fact that the proton 
carries one positive elementary unit charge which is 
in accord with the fact that, together with one electron, 
the hydrogen core forms a neutral atom. The n 
must, therefore, be considered to be the embodiment 
of the elementary positive charge, although, as com- 
pared with the electron, its mass is 1,836 times greater. 

In order, however, that the proton could be accepted 
as the fundamental material unit of the atom, it was 
necessary that all the other atomic weights should be 
whole numbers, and consequently the H atom could 
not become established as the fundamental unit without 
some further explanation. As long ago as 1815, Prout 
had suggested this possibility. Investigations of this 
feature eventually led to the discovery of the neutron 
as a structural elementary particle of the nucleus 
structure,* and it was found that there were three 
types of the hydrogen core, viz., the proton, the deuton 
(deuteron or diplon) and the triton of respective 
masses one, two and three. 

With the discovery of the neutroa, the missing 
structural unit of the atom was at last found, but the 
long-standing question still remained unanswered, viz., 


a= 








* See page 407, ante. 
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why is it that free negative electricity exists while 
positive electricity is always associated with a heavy 
mass ? In other words, why is it. that the elementary 
positive charge of electricity is 1,836 times heavier 
than the electron ? The answer to this question was 
given in the same year (1932) as that in which the 
existence of the neutron became established. In 
America, quite accidentally, there passed through the 
Wilson cloud-chamber with which Anderson was 
working, an ionising particle which was deflected by 
a magnetic field in the opposite direction to that of an 
electron (Fig: 6, page 479), and, consequently, this 
hitherto unknown particle was shown to be charged with 
the opposite kind of electricity to that of an electron. 
This particle is now known as the “ positron” and is 
released by the cosmic rays. Since then, positrons 
have been frequently observed, particularly by Joly 
and Curie, who, since their discovery of artificial 
radioactivity in 1934, have seen them as an almost 
daily oceurrence, because many of these artificially 
excited substances emit these icles, for example, 
radio-phosphorus. All the characteristics of the electron 
are credited to the positron (weight, size, spin, etc.), 
and yet there exists an important difference. As 
compared with electrons, the positrons are of rare 
occurrence and their life is short, because, at the first 
opportunity, they coalesce with electrons and thus 
become neutralised. Whether the positron has any 
part in the structure of the atom is not known. There 
is, however, the possibility of an interchange process 
going on in the core of the atom, in accordance with 
which protons may change into neutrons and vice 
versa. by the passage of 4 positron from one to the 
other. Altogether then, there are at least four elementary 
particles and, if neutrinos and neutrettos are accepted 
in this sense, there are six. 

One remarkable fact must be noted, however, and 
this is, that on the basis of the int process 
described in the foregoing, the forces taken into account 
in describing such interchanges are far too small. 
These interchange forces have been shown by experi- 
ment to be millions of times greater than the chemical 
forces. The question has therefore been asked whether 
there may not be some intermediate particle involved 
which has not yet been detected. Yukawa developed 
a theory of nuclear forces on the assumption of the 
existence of such @ particle and he even calculated the 
mass to be 137 electron units. In 1937, Neddermeyer 
and Anderson—again with the Wilson cloud-chamber— 
discovered heavy electrons and they saw in these the 
conerete embodiment of Yukawa’s particle. The mass 
of this heavy electron has been determined only very 
roughly and for this purpose the only available clues 
are the deflection in a magnetic field and the estimate 
of the speed from the moisture drops in the cloud- 
chamber. The particle has been termed the Mesonen 
and its mass is estimated to be between 100 and 200 
electron units. These particles are released in the 
atmosphere by. the intensely penetrating cosmic rays 
and have a high velocity and, consequently, great energy, 
but an extremely short life of about 2 x 10-* sec., 
when they disintegrate into electrons and pulses of 
invisible light of the nature of y-rays. It appears to 
be probable that these mesonens are the hypothetical 
particles of Yukawa and perform an intermediary 
function in the nuclear transformation. 

It thus became clear that, simple as the atomic 
structure appears when only two types of particles are 
assumed to exist and even when three types are 
assumed, yet new problems are continually arising 
which make it unwise to suppose that all the elementary 
particles. concerned are now known. Nevertheless, it 
is firmly established that the units of major importance 
are the electron, the proton, and the neutron. All 
these three particles are electromagnetic in their struc- 
ture and it would therefore appear to be natural to 
compare them with other electromagnetic phenomena 
such as light, X-rays, and y-rays, but it becomes at 
once obvious that these are of quite a different character. 
Light superposed on light gives interference, and refrac- 
tion and similar effects, and can only be explained on the 
assumption of wave propagation. This fact was the 
decisive consideration which caused Newton’s corpuscu- 
lar theory to be abandoned and was the result of the 
investigations of Huygens, Young, Fresnel, and others, 
and consequently the corpuscular theory was con- 
sidered to be untenable. 

(To be continued.) 





SELP-CLEANING AIR FILTERS.—A copy of catalogue 
No. 465, describing and illustrating the rotating self- 
cleaning air filters manufactured by the Visco 
Engineering Company, Limited, Stafford-road, Croydon, 
has been received. The filters, which consist of an 


endless screen moving over top and bottom rollers in a 
large window-like frame, are designed for use where the 
atmosphere is heavily laden with dust, and are made in 
two types, one with oil-bath cleaning of the filter cells 
for ordinary conditions, and one with oil-spray cleaning, 
for use where the air is exceptionally dirty. 
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ELECTRICAL APPARATUS. 

579,711. Aro-Welding Apparatus. The English 
Electric Company, Limited, of London, J. K. Brown, of 
Stafford, J. M. Hawkins, of Stafford, and R. F. J. Weil, 
of Stafford. (3 Figs.) August 10, 1944.—In arc welding 
metal studs to metal plates, the end of the stud is brought 
into contact with the metal plate to which it is to be 
welded andelectric current is passed through the stud and 
the plate ; the stud is usually mechanically moved away 
from the plate to draw out an are which melts some of 
the métal of the stud and the plate and, after a pre- 
determined time, the stud is again pressed against the 
plate where it is held in contact until the molten metal 
has solidified. A gun is necessary to grip the stud, and 
this includes mechanism for withdrawing the stud from 
the plate and subsequently pressing the stud against 
the plate. The gun is therefore complicated and heavy. 
If a fusible part is provided between the two parts, the 
step of withdrawal to draw out an arc becomes unneces- 
sary. Theinvention is a simple form of gun for welding a 
stud with a fusible extension. The body of the gun consists 
of a tubular member 1 having at its upper end a stirrup- 
type handle. Sliding in the tubular member 1 is a chuck 
holder 3, the lower end of which is tapped to take a 
chuck for gripping the stud. Two collars integral with 
the holder 3 are a sliding fit in the member 1. A spring 
compressed between the upper collar and an annular 





(878,70) 
abutment at the top of the member 1 provides the 


biasing force. The holder 3 also has a series of very 
fine ratchet teeth 3d, formed by a buttress thread. 
Mounted on the side of the body is a tubular magnetic 
housing containing a coil 7. In the housing, and pro- 
jecting through the wall of the body into engagement 
with the ratchet teeth,is a magnetic pawl 9, which can 
be withdrawn from the teeth by the coil 7 against the 
action of a spring. The tripod stand for the gun consists 
of a split and coned carrier ring which can be slid along 
and clamped in position on the outside of the body by 
a coned clamp ring; the legs of the tripod can be sepa- 
rately adjusted and clamped in position on the carrier 
ring by clamping screws so that the gun is upright. The 
stud held in the chuck projects down below the ends of 
the tripod legs, to an extent which is adjustable by 
bodily movement of the tripod carrier ring along the 
body. The tubular form of the holder allows a supply 
cable to pass through the chuck. The gun is held by 
the handle with the end of the fusible projection from 
the stud pressed against the plate, forcing the holder 3 
in against the pressure of the spring, until the legs of 
the tripod bear against the plate. The contact between 
the fusible part and the plate completes the circuit for 
the flow of current from the chuck carrier, the chuck 
and the stud, through the plate. The fusible part melts 
and an arc is formed. The spring tends to drive the 
stud into contact with the plate, but is prevented by 
the engagement of pawl 9 with teeth 3d. After a pre- 
determined time the coil 7 is energised and the pawl 9 
automatically withdrawn, so that the spring 4 can force 





the stud into contact with the plate. (Accepted 
August 13, 1946.) ’ 





Nov. 15, 1946. 
TEXTILE MACHINERY. 

578,808. Shuttle Drive. M. Wright and Sons, Limited, 
of Quorn, and W. Williamson, of Quorn. (1 Fig.) 
February 16, 1944.—In looms having a stationary weft 
supply, the weft is inserted in the form of double picks 
from one edge of the band of warps and at the other or 
return edge the bights of the double picks are locked by a 
selvedge thread inserted through them by a selvedge 
shuttle. The invention is a driving mechanism for the 
selvedge shuttle. The selvedge shuttle 30 is driven up 
and down at the return edge of the band of warp: w, 
across a gap in a box 38 containing the track on which 











the shuttle moves. The shuttle has a rack of teeth and 
is driven by gears 41 and 42 above and below the gap in 
the box. The weft Wf is inserted by the needle 16 during 
the rearward swing of the pivoted batten 10 and the 
selvedge shuttle 30 carries the selvedge thread S through 
the bight of weft while the finger is inserted and the 
batten is at the rear. A shaft 50 makes half a revolution 
for each beating-up motion and carries a cam having a 
single lobe. This cam oscillates a lever 52 which is held 
against the cam by a tension spring. The top end of the 
lever is connected by a pivoted link to a gear 57 which is 
oscillated by the lever, and drives the gears 41 and 42. 
After the insertion of the double piok, the selvedge shuttle 
30 is moved in one direction through the bight and, after 
the insertion of the next double pick, in the reverse direc- 
tion through the next bight. (Sealed.) 


579,916. Continuous Hank-Drying Machine. Hunt 
and Moscrop, Limited, of Middleton, and J. Sharpe, of 
Middleton. (4 Figs.) September 28, 1944.—-The machine 
is one in which hanks of yarn are traversed through 
the machine on poles, drying air being blown on to the 
hanks as they pass through the machine. The poles A 
on which the hanks of yarn B are suspended are carried 
by two endless chains C, one at each side of the machine. 
The poles A are oval in shape and are hollow and per- 
forated. The support at one end of each pole carries a 
spur wheel engaging a fixed rack, so that as the poles travel 
through the machine they are rotated to cause the hanks 
B to move around their supporting poles. A second 
pair of endless chains E travels through the machine 
above the chains C, carrying a series of triangular- 
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shaped members F spaced at the same distance apart 
as the poles. The members F are arranged so that the 
adjacent sides of two members form nozzles immediately 
above the poles A. The movements of the chains are 
synchronised so that each nozzle remains above the corre- 
sponding pole as they travel from end to end of the 
machine. The chambers above the members are supplied 
with air by a pair of fans G'. The fans G! draw in air 
from ducts a in the walls of the machine and deliver 
it to the nozzles, which direct it on to the top of the 
hanks carried by the rotating poles. The air, after 
passing over the hanks B, travels downwards and passes 
through an apertured plate and back into the ducts a 
to be recirculated by the fans G’. The air is heated 
before passing through the nozzles by gilled heating tubes 
H. (Accepted August 20, 1946.) 
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Nov. 22, 1946. : 


FIRE-FIGHTING TRIALS ON 
MAGNESIUM-BASE ALLOYS. 


THE question of fire risks involved in the use of 
magnesium alloys was a subject discussed by the 
Light Alloys Sub-Group of Group V (Metallurgy) of 
the Admiralty Chemical Advisory Panel, and it was 
reported that Messrs. Magnesium Elektron, Limited, 
were willing to carry out trials and to illustrate 
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is fairly general in ships. The details of the nine 
trials which were made are as follows. 

Trial I.—Magnesium-alloy tubing, approximately 
4 in. in wall thickness, fastened to a timber board 
and fixed to a frame, was soaked in petrol and 
ignited. The wood took fire after 30 seconds and 
the magnesium after one minute. Fire-fighting by 
means of a copious spray of water from the Home 
Office diffuser branch was started at 1 minute 40 
seconds, and the whole fire was extinzuished after 
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its bottom edge was a few inches clear of the liquid. 
The oil, suitably primed with petrol, was ignited. 
After 14 minutes, the magnesium caught fire along 
its lower edge. The magnesium fire was not of 
great magnitude, but there was a tendency for the 
metal to melt and fall into the tray of oil. Fire- 
fighting with water, using the Home Office diffuser, 
was. commenced at 3 minutes and the whole fire 
was out at 3 minutes 30 seconds from the start of 
the test. About half of the sheet had been burned. 





Triat I: Exvextron Tusrna, } 1. THICK, 


On Perroi-SoakeD Boarp. 
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fire-fighting methods. A meeting was arranged, to 
include representatives of the Admiralty Depart- 
ments concerned with the use of magnesium alloys 
and with fire-control measures, at which details were 
specified of the type of test which would simulate 
conditions likely to be encountered in naval service. 
These trials were carried out at the works of Messrs. 
Magnesium Elektron, Limited, at Clifton Junction, 
Manchester, on July 3, 1946, and the description 
given below is taken from an Admiralty internal 
report upon them. Two standard methods of fire 
fighting were employed, namely, the Home Office 
diffuser branch, and the foam-making branch, the 
latter for use in petrol fires. The pressure of 
water used was 75 Ib. per square inch, a value which 











24 minutes from the start of the test. This trial is 
illustrated in Figs. 1 to 4, herewith. 

Trial II.—A steel slab, 10 in. by 4 in. and 1 in. 
thick, was heated to about 950 deg. to 1,000 deg. C. 
and placed in contact with a sheet of 16-gauge mag- 
nesium alloy, the whole resting on a bed of sand. 
There was no tendency for the sheet to take fire so 
long as the steel remained undisturbed ; on lifting 
it a little, however, a few globules of molten mag- 
nesium caught fire, but cooling was very rapid, so 
that the fire did not spread and was easily extin- 
guished with a handful of sand. 

Trial III.—A sheet of magnesium alloy, 3 ft. 
square and 16 8.W.G. thick, was supported on edge 
over @ shallow tray of fuel oil, in such a position that 





Fic. 4. Tarra I: Free ExtrncuisHep AFTER 2} Min. 


Trial IV.—The previous trial was repeated, using 
petrol as the source of fire. Fire-fighting was begun 
2 minutes from the start of the test, using the 
standard No. 2 foam-making branch. The fire was 
out 23 minutes from the start of the trial. 

Trial V.—Trial III was repeated in detail, except 
that }-in. thick plate, 3 ft. square, was tried instead 
of the 16 S.W.G. plate previously used ; the arrange- 
ment is illustrated in Fig. 5, on page 482, From the 
start of the oil fire, the magnesium took 2 minutes 
40 seconds to catch alight. Fire-fighting, using 
water from the Home Office diffuser branch, was 
started at 3 minutes, and the fire appeared to be out 
at 3 minutes 15 seconds; small isolated spots of 
molten magnesium re-ignited, however, and a spray 
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FIRE-FIGHTING TRIALS ON MAGNESIUM-BASE ALLOYS. 
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of water for a further 20 seconds was required to 
extinguish the fire completely. 

Trial VI.—Trial V was repeated, except that 
petrol was used as the source of the fire, and foam 
from the standard No. 2 foam-making branch as the 
extinguishing agent ; this test is illustrated in Figs. 
6, 7 and 8, on this . The i took 
2 minutes 50 seconds, from the start of the petrol 
fire, to ignite. Fire-fighting was commenced at 
3 minutes 30 seconds, but, after a few seconds, the 
plate broke up and fell down into the trough below, 
which quickly became filled with foam, covering the 
remnants of magnesium plate. Fig. 6 shows the 
fire one minute after fire-fighting operations began, 
and Fig. 7, after 44 minutes. The fire was appar- 
ently out at 4 minutes 5 seconds from the start of 
the trial. Close inspection of the trough revealed 
that the foam was apparently boiling, and stirring 
the foam exposed the molten metal to the atmo- 
sphere, with consequent re-ignition. The “ boiling ” 
of the foam became more violent and a consider- 
able number of particles of ignited ium were 
spontaneously thrown out of the trough. The fire 
was again attacked with foam, and later with water, 
for some 2} minutes more before it was extin- 
guished completely (Fig. 8). 

Trial VII.—Approximately 20 Ib. of magnesium 
swarf and castings were placed on a steel plate, } in. 
thick, which was supported on four bricks. The 
magnesium was then ignited. It was allowed to burn 
out (Fig. 9, on the opposite page) and afterwards 
the steel plate was inspected. There had been heavy 
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scaling of the plate on both sides, but no sign of 
penetration of the steel. Fig. 10, opposite, shows 
the under side of the plate after the trial 

Trial VIII.—6500 lb. of magnesium-alloy castings 
of various sizes, including some with sections } in. 
thick, were placed on one side (Fig. 11, opposite) 
of the steel container, a broadside view of which is 
reproduced in Fig. 12, on the same page. In the 
other side of the container, which was completely 
divided in the centre by a steel partition, ¥ in. 
thick, was built a wood fire (Fig. 13) which was fed 
from time to time. The side of the container con- 
taining the magnesium was closed with asbestos 
sheeting, the top of which can be seen in Fig. 13, 
and the fire was kept burning for approximately 
half an hour, after which it was allowed to die down. 
On removal of the asbestos covering, the magnesium 
castings appeared undamaged, no melting or fire 
having occurred. 

Trial IX.—180 lb. of magnesium alloy in the form 
of castings, tube, sheet, etc., together with a liberal 
quantity of wood, were stacked inside a steel con- 
tainer approximately 12 ft. by 12 ft. and 8 ft. high, 
with a 2 ft. 6 in. hole in the corner of the roof remote 
from the door. This trial is illustrated in Figs. 14 to 
19, on page 492. On the floor of the container was a 
piece of Admiralty-pattern Corticene, 6 ft. square. 
The wood was soaked in fuel oil and the whole 
ignited (Fig. 15). After 1 minute 20 seconds the 
first signs of magnesium burning were observed. 
Five minutes after the initial ignition, fire-fighting 








was started (Fig. 16) with water from one hose, 
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using the Home Office diffuser branch. Copious 
clouds of smoke and steam were evolved, which 
made observation of the inside of the chamber very 
difficult ; Fig. 17 shows a sudden gush of smoke and 
steam which completely engulfed the fire-fighting 
party. From time to time, slight explosions 
occurred, and particles of burning magnesium were 
thrown out of the chamber. After five minutes of 
fire-fighting (that is, 10 minutes from the start of 
the trial), the fire was extinguished successfully . 
Fig. 18 shows the interior of the container and the 
magnesium-alloy remains, some of which can be 
identified with those visible in Fig. 14 ; and Fig. 19 
is another view of the same castings, etc., after 
removal from the container. 

Thé opportunity of these trials was taken to 
witness welding and machining operations taking 
place in the firm’s works. Flame-welding of 16-gauge 
sheet was in progress, and it was apparent that 
magnesium sheet can be safely flame-welded. It 
was also evident that the fire risk arising from 
routine machining is very small. 

It was clear, from the trials staged, that mag- 
nesium alloys do not ignite very readily and that it 
is essential for melting to occur before ignition 
takes place. As a consequence, magnesium struc- 
tures seldom burn as a whole, but the ignited 
portions melt off. Owing to the fact that no 
inflammable vapours are involved, magnesium fires 
are not spectacular: small fires may smother 
themselves with their combustion products, or go 
out by cooling. Others may reduce to a pool of 
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burning liquid, which can be extinguished by cooling 
the exterior of the container with water, by smother- 
ing with foam until cool, or by direct cooling with 
plenty of water. Care must be taken not to scatter 
the molten metal by direct impact of the water jet. 
Considerable quantities of magnesium, burning 
quiescently on a steel plate, do not cause perfora- 
tion, and the effect of red-hot steel, such as might 
occur with a shell splinter lying on magnesium 
sheet, is very unlikely to cause ignition of the 
magnesium. Further, a fierce fire in a ship’s com- 
partment is unlikely to cause spontaneous ignition 
of magnesium components in other adjacent com- 
partments on the other sides of bulkheads. Owing 
to the fact that foam has only a small cooling effect, 
it is not so effective as copious amounts of water, 
the heat not being conducted away so rapidly from 
the seat of the fire. Where the use of foam is 
imperative, due to the presence of burning petrol, 
etc., it would appear desirable to concentrate on the 
petrol fire and merely to confine the magnesium 
fire to as small a locality as possible. 

Where the use of water is permissible, it should 
be used as liberally as possible ; the whole question 
appears to be one of very rapid cooling, and the 
more copious the water spray the better. There 
is danger in using small quantities of water; the 
fire then merely becomes fiercer, due to dissociation 
of the water and combustion of the hydrogen thus 
liberated. In the early stage of fighting fierce 
magnesium fires with water, minor explosions are 
possible due to the sudden ignition of pockets of 
hydrogen (see Fig. 17). In a confined space, this 
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might be serious, in that, in addition to slight 
blast waves, the scattering of small amounts of 
burning magnesium is likely. 

Should magnesium alloy be involved in a fire 
due to oil fuel, petrol or carbonaceous materials, it 
introduces a complication, the severity of which 
depends largely on the quantity of magnesium 
involved. Thus, if small amounts, such as a chair 
of tubular construction or a sheet of 16-gauge 
material, were involved in a fire on board ship, 
it could be readily dealt with by means of a jet/spray 
branch pipe. If it should be necessary to store 
large quantities of magnesium alloy, such as aircraft 
spare parts, on board ship, it would be prudent to 
disperse them so as to avoid the complication, in 
case of fire, of large amounts of magnesium becoming 
involved. This precaution would eliminate the risk 
of serious explosion if the fire were attacked with 
water. 





CHANNEL STEAMER FOR SOUTHERN RalItway.— 
Designed for the Channel Islands service of the Southern 
Railway Company, the twin-screw turbine steamer 
Falaise was launched by Messrs. William Denny and 
Brothers, Limited, Dumbarton, on October 25. With an 
overall length of 314 ft. and accommodation for 1,400 
passengers, the vessel will be engined with single- 
reduction geared turbines manufactured by Messrs. 
Parsons Marine Steam Turbine Company, Limited, 
Wallsend, and will have a speed of 20:5 knots, In 
addition to modern and complete navigational equipment, 
the vessel is fitted with a bow rudder and the Denny- 
Brown stabiliser, which is designed to reduce a roll of 
20 deg. on each side of the perpendicular to about 4 deg. 
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LITERATURE. 





Annual Report (Technical) of the Central Board of Irriga- 
tion, India, for 1944. Edited by A. R. THomas, 
Secretary. Offices of the Board, Simla, India. 

THE irrigation engineers of India are making a 
strong bid for pre-eminence in the field of river and 
canal engineering, and it seems that Vicksburg, 
Delft and Manchester will have to look to their 
laurels; the latest (tenth) annual technical report 
of the Central Irrigation Board, covering the year 
1944 and published in Simla in August, 1945 (though 
it has reached us only within the past month), 
displays a picture of organised research which is 
almost as admirable as the joint work of the Ameri- 
can, British and Canadian men of science in their 
successful production of the atomic bomb. 

Great emphasis is placed on the use of models 
and the comparison of these models with their 
natural prototypes, but much attention is given 
also to the comparison of rivers of various sizes, 
the accumulation of hydraulic data of all kinds, 
and the diligent pursuit of valid generalisations. 
Inspired by the work of Kennedy and its great 
development by Gerald Lacey, supplied with a 
multitude of examples of canals and rivers of all 
magnitudes, and informed by the practical outlook 
of British engineers and the subtlety of Indian 
thinkers, the programme marches steadily on. 
Speaking broadly, what is mainly sought is the 
“law” of regime of watercourses, so that canals 
can be designed to provide the maximum of self- 
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maintenance and rivers can be controlled so that 
they serve human needs best and cause the least 
damage during their spates. 
Apart from empirical methods based on British 
practice and the remote traditions of the engineers 
of the Italian Renaissance, Kennedy began the 
development with his discovery that canals approach 
regime if the mean velocity bears a ratio to the 
two-thirds power of the depth which depends on 
the material. Lacey followed this up with a statis- 
tical analysis of many watercourses, both natural 
and artificial, which appeared to show that, in loose 
material, irrespective of slope, the velocity of regime 
depended on the square root of the hydraulic radius, 
and, further, that for any kind whatever of non- 
cohesive loose material, the velocity bears an almost 
constant ratio to the product of the two-thirds 
power of the hydraulic radius and the one-third 
power of the slope. This broad generalisation is still 
being examined, and some of the detailed features 
of it are being studied by Professor C. M. White ; 
but 12 years of criticism have not seriously shaken it. 
One method of visualising its meaning is to assume 
that, in regime, the deposition of silt from the 
stream is just offset by the scour from the bed. 
The deposit from the stream must vary with the 
concentration of silt in the water and with the 
hydraulic radius (effective depth). It is known 
that the concentration of silt varies as about the 
fourth power of the velocity; if, now, the scour 
varies as the five and a half power of the velocity, 
regime will occur (with constant slope) when the 
hydraulic radius bears a constant ratio to the 
one and a half power of the velocity. While this 
rule is certainly subject to a small amount of 
deviation, it has proved so useful and so nearly true 
that it has polarised the investigations in India to a 
remarkable extent. Not only does it indicate (if 
not finally provide) a guiding principle for all river 
and canal control, but it leads directly to certain 
very notable results in respect of models and flow 
formule. 
One of these is that, in models of alluvial rivers, 
the best degree of resemblance to the prototype is 
obtained, when using the same bed material, if the 
slopes of the model are exaggerated in the ratio of 
the square root of the vertical-scale reduction num- 
ber; thus, if a model represents heights with a 
reduction from the prototype of 100 (one inch of 
height equals 8 ft. 4 in.), the highest resemblance in 
‘behaviour to that of the prototype will be obtained 
if the slopes are increased ten times—in other words, 
if the horizontal scale is 1 in 1,000. Proceeding to 
a larger view, it suggests that a watercourse in loose 
material, say, 1,000 ft. long, with a slope of, say 
1 in 50, will closely resemble in regime an alluvial 
_ iver a million feet long with a slope of 1 in 500; 
that is to say, it provides a yardstick for the com- 
parison of all watercourses from the size of a rather 
small model upwards. Furthermore, it tends to 
show that, in streams running in loose beds, the 
coefficient of bed friction varies as the square of the 
Kutter roughness and inversely as the square 
root of the hydraulie radius; thus roughness 
becomes definable, and all kinds of generalisations 
can be made regarding discharge, width, depth, 
slope, and even shape of cross-section. The velocity 
of flow (not necessarily of regime) in non-coherent 
beds is shown to depend on the three-fourths power 
of the hydraulic radius, the square root of the slope, 
and the reciprocal of the roughness. This theory— 
it is now more than a hypothesis—dominates the 
whole field, and much of the work in this report, 
as in several of its predecessors, hinges upon it. 
There are nearly 30 papers in this volume of 183 
pages, presented in the usual form of statements on 
the work of the various research stations and a 
classification of papers on each subject. The follow- 
ing list gives the more noteworthy items : “‘ Analysis 
of changes in the course of the Indus below Kala- 
bagh, 1934-43 ” (Poona Research Station); “* Use 
of attracting spurs and islands in river training” 
(Poona Research Station and H. L. Uppal); “ Ex- 
periments in connection with the Anderson Weir ” 
(N. K. Bose); ‘‘ Technical inquiry into causes of 
breaches in river bunds in Sind” (C. C. Inglis); 
‘* The problem of the River Damodar” (N. K. Bose) ; 
** Design of canals in Sind” (C. C. Inglis); “‘ Bed 


of bed load in channels ” (A. R. Thomas) ; ‘* Afflux 
and backwater curve” (K. M. Bhatia); ‘“‘ A new 
suspension withdrawal method” (A. G. Asghar) ; 
‘Comparison of meters and velocity rods” (K. M. 
Bhatia); “Aspects of the design of canal falls” 
(H. L. Uppal); “Transportation of pebbles in 
flumes ”’ (C. C. Inglis); ‘‘ Run-off” (L. Y. Baker) ; 
“* Denudation, erosion and floods” (C. C. Inglis)— 
which includes some interesting experiments on 
meanders; ‘The effects of salts on the bearing 
capacity of soils” (A. G. Asghar); “The soil 
mechanics laboratory of Colombo ” (R. V. Burns) ; 
“* Soil mechanics as applied to airfields, lined canals, 
and embankments” (C. L. Handa); “ Lining 
materials for canals’? (V. I. Vaidianathan) ; 
*“Ground-water resources”’ (R. S. Chaturvali) ; 
** Tube wells ’” (United Provinces Research Station) ; 
and “ Rise of temperature in cement ” (R.C. Hoon). 
In addition to these, there are summaries of work 
done, elaborate bibliographies on subjects of special 
interest, programmes for future research, discus- 
sions of the various papers, studies of specific pro- 
blems, etc., all of which will be of value to hydraulic 
rs. 

There is practically nothing on tidal currents, but 
some interesting experiments are described on wave- 
stilling in a dock. In this connection, note may be 
taken of the revival of work in Holland, by Dr. J. 
van Veen, on tidal currents in Dutch rivers and off 
the Flemish coast generally. It is understood that, 
in India, interest is growing in tidal matters, especi- 
ally in view of the damage done by tidal waves in 
the Bay of Bengal, the deterioration of delta mouths 
of the great Indian rivers, and maintenance pro- 
blems in Indian harbours. No doubt, future issues 
of these reports will touch on these matters also. 
The wide meteorological variations in India, the 
enormous falls of the major rivers, the extensive 
demands of irrigation, the extent to which large 
streams can meander and even change course, and 
the geological diversity make that country a perfect 
site for hydraulic investigation. It is highly grati- 
fying to see that every advantage is being taken of 
the opportunities afforded. 


Metallic Corrosion, Passivity and Protection. By ULIcK R. 
Evans, M.A., Sc.D., and A. B. WINTERBOTTOM, M.Sc. 
Tech., F.R.I.C. Second edition. Edward Arnold 
and Company, 41 and 43, Maddox-street, London, 
W.1. [Price 50s. net.] 

In these days it is essential for an engineer to supple- 

ment his knowledge of the mechanical properties of 

materials of construction with an understanding 
of how such properties are affected by moisture, 
acids, and other destructive agencies. In certain 
circumstances, temperature and variations of stress 
also are contributory factors in the problem of 
corrosion, so a solution may involve the use of a 
suitable alloy ; thus the subject of metallic corrosion 
touches that of metallurgy at many points and the 
significance of these contacts is of primary import- 
ance to many engineers and technologists. Moreover, 
it is frequently necessary to consider each case on 
its merits, hence a grasp of several sciences is 
implied in a general study of the matter, as will be 
appreciated by those acquainted with Dr. Evans’s 
own contributions to the literature on the subject. 

There are, indeed, numerous ramifications, as 

may be gathered from a perusal of the present 

volume, in which more than 800 pages are devoted 
to the text alone, and more than 2,800 names are 
to be found in the author index. Although it is 

a second edition of the book first issued in 1937 

under the same title, the volume may be regarded 

as a new one, since the previous text has been 
revised throughout and reasonably complete footnote 
references are given to papers published by other 
investigators up to the end of 1944. The work of 
revision has been carried out with the view to con- 
ciseness and easy reference on the part of both 
practising engineers and research workers, for the 
subject-matter of each of the 14 chapters is sub- 
divided into three sections, dealing, in turn, with 
the scientific basis, practical problems, and quanti- 
tative treatment. These sections exhibit a com- 
mendable balance of consideration between informa- 
tion that is new, that which is rather new, and that 
which has long been familiar and only needs to be 
reconsidered in the light of the additional evidence. 





ripples and bed waves” (S. C. Desai) ; ““‘ Movement 
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Following a summary of the principles of electro. 
chemistry, Dr. Evans proceeds to the consideration 
of simple examples of corrosion and passivity, 
thin films, and oxidation at high temperatures, 
Chapter 4, on corrosion in moist or polluted atmo. 
spheres, will form for many students a useful intro. 
duction to the next three chapters, on the corrosion 
of ferrous and non-ferrous materials involving the 
absorption of oxygen on the one hand, and not in. 
volving such absorption on the other. Here the 
reader will find guidance to the solution of numerous 
problems of practical interest, as, for example, the 
resistance of metals to chemical action, the corrosion 
of condenser tubes, and related questions con- 
cerning non-ferrous metals in contact with water and 
food. Other factors are involved in Chapter 8, 
where the influence of stress, strain and structure 
is brought into relation with corrosion-fatigue and 
other agencies arising from the combination of 
mechanical and chemical causes. Consideration is 
given also to the influence of crevices and contacts 
between dissimilar metals, of which riveted and 
welded joints are special cases. 

Matters concerning the available remedies are 
discussed in great detail, in four chapters covering 
200 pages, where attention is drawn to various 
methods of protection, by inhibitive treatment of 
water, by chemical and electro-chemical treatment, 
by paints and enamels, and by metallic coatings. 
The final chapter, on testing, as well as the appendix 
by Mr. A. B. Winterbottom on optical methods for 
the determination of films on metals based on polari- 
sation and interference phenomena, will appeal more 
particularly to those engaged in engineering and 
other laboratories. The work, which clearly covers 
the whole field of the title, is a distinguished contri- 
bution to the understanding of a subject of vital 
concern to engineers, metallurgists, and industrial 
chemists. It deserves wide circulation as an 
authority for consultation on all kinds of corrosion 
problems. 





London Building Law. By Horace R. CHANTER, 
F.R.1.B.A., M.I.Struct.E. B. T. Batsford, Limited, 
15, North Audley-street, London, W.1. [Price 21s. 
net.] 

To the architect or civil engineer with long experi- 

ence of practice in London, the London Building 

Acts are, of necessity, familiar ground, but to the 

provincial practitioner who may be required to 

advise on building work in London, these Acts 
present certain pitfalls. What has been wanted 
for a long time is a book to explain concisely the 
points most likely to trouble the man who is 
encountering the London requirements for the first 
time, and, of course, the numerous architectural and 
building students who are undergoing instruction 
in technical schools and colleges. Such a book 

Mr. Chanter has now provided ; it is well arranged, 

clearly expounded, and illustrated where requisite 

with good line diagrams. In addition to the Building 

Acts, the other enactments which must be taken 

into account by the practitioner in London are 

fully explained; these are becoming increasingly 
numerous and include such comprehensive measures 
as the Town and Country Planning Act, the Ribbon 

Development Act, the Factories and Housing Acts, 

and the Public Health Act. In this direction, 

chapter 8—‘“‘ Other Acts, By-Laws and Regula- 
tions affecting Building. Also those having 

Special Reference to the City of London ”’—is 

particularly helpful. The alphabetical list at the 

beginning of this chapter contains some 40 titles, 
ranging from ‘‘ Advertisement MHoardings” to 

‘* Working-Class Tenements,” and the summary of 

this diversity of legislation meets a need of which 

even the experienced London practitioner must 
often be conscious. The author of the book is 
himself a district surveyor under the London 

County Council, and as such is responsible to some 

extent for administering the London Building Acts 

which he has expounded so ably. To those who 
consider themselves already well versed in the 
intricacies of these Acts, the work will be of service 
as an aide-mémoire; and to newcomers to archi- 

tecture and building it may be recommended as a 

text-book which should pilot them successfully 

through this somewhat specialised section of their 
studies and examinations. 
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LONDON UNDERGROUND 
EXTENSION. 

THE first section of an eastern extension to the 
Central Line of the London Passenger Transport Board 
will be officially opened by the Minister of Transport 
on Tuesday, December 3, and will be open to public 
traffic on the following day. Stretching from Liverpool 
Street to Stratford, 4} miles in length, it is a section of 
the scheme, first announced in 1935, as part of the Rail- 
way Extension Plan for London, to extend the under- 
ground railway and electrify certain portions of the 
London and North Eastern Railway, with the object of 
improving the transport services between north-east 
London and the City and West End, which have 
proved to be inadequate for the traffic. 

Starting from the existing Liverpool-street station, 
there are stations at Bethnal Green, Mile End and 
Stratford, and there will be a connection with the 
District Line at Mile End by means of platform inter- 
change. The line passes underneath the Lea Valley 
and comes to the surface, to connect with the platforms 
of the L.N.E.R. main line at Stratford. Thence, it 
will pass through a tunnel to Leyton, where it will join 
the existing L.N.E.R. track, which is being eiectrified, 
through Leytonstone, Snaresbrook, South Woodford, 
Woodford, Buckhurst Hill, and Loughton, and ulti- 
mately to Epping and Ongar. Between Leytonstone 
and Woodford there is a loop line running via Hainault, 
and from Leytonstone a new tunnel will carry the line 
round the south side of the loop to Wanstead, Red 
Bridge, Gants Hill and Newbury Park, then over 
L.N.E.R. lines, which are being electrified, to Hain- 
ault. A tube-train service will be run round the 
north side of the loop between Woodford and Hainault 
via Chigwell. It is heond that the line will be opened 
to Loughton and Hainault at the end of 1947, and to 
Newbury Park and Ongar in 1948. The whole scheme 
will link up with the L.N.E.R.’s electrification of the 
former Great Eastern main line between Liverpool 
Street and Shenfield, and as the two systems will also 
connect by platform interchange at Stratford, the 
present heavy load on Liverpool Street station during 
peak hours wil] be diminished. 

More than half a million people live in the districts 
affected by these improvements, and they will be pro- 
vided with 456 trains a day over the new line. There 
will be trains every 4 minutes during peak hours from 
Stratford to Oxford-circus, and every five minutes 
at other times. At a later date, there will be trains 
every two minutes. This service will require six addi- 
tional trains on the Central Line, and when the whole 
scheme is completed a further 41 trains will be in 
service. The Board will replace the present six-car 
trains by eight-car trains on the Central Line to increase 
the passenger capacity during peak hours. This inno- 
vation will also help to solve the problem that new 
extensions to the outer boundaries of the system tend 
to create an additional joad on the vital: City and 
West End sections, the capacity of which is limited 
by the number of tracks and the maximum frequency 
of trains. Bethnal Green station on the new line is 
of modern design, with two 420-ft. platforms, three 
escalators and a spacious underground booking-hall. 
It is equipped with fluorescent lighting. The air in the 
station is changed four times an hour by the ventilation 
system which provides 20,000 cub. ft. of fresh air a 
minute. At Liverpool Street station the Central Line 
platforms have been extended, and shunting accommo- 
dation provided to enable trains to be reversed. At 
Mile End the existing District Line station had to be 
enlarged beneath the main road and it was desirable 
to avoid interrupting the traffic flow on this road. 
A roof was, therefore, constructed beneath it, by boring 
several vertical and horizontal holes in the earth, the 
former to accommodate concrete pillars and the latter 
steel girders, which rested on the pillars. The roof was 
then completed while the remaining earth was removed 
from beneath the road. The construction of the tube 
tunnel beneath the old East London marshes in the 
water-logged land around the River Lea and its tribu- 
tary streams was a difficult job. In certain places 
compressed air at pressures up to 25 lb. per square inch 
was used to restrain the water. Soil-solidifying liquids 
were also pumped into the marshy land, from the sur- 
face and from a small pilot tunnel. 

Measures to reduce noise include the laying of 300-ft. 
rails, formed by welding together five 60-ft. lengths, 
and the lining of the tunnel up to a height 
corresponding to the level of the car sole bars, with 
sound-absorbing slabs. Owing to the difficulty of 
obtaining sound-absorbing slabs, this part of the work 
will not be completed at the time the line is opened to 
traffic, but it will be finished off when the materials 
become available. Most of the work of extending the 
line was completed before the outbreak of war, and, 
in fact, the tunnel on the loop to Gants Hill was used 
as an underground factory, but the work of clearing 
and preparing the tunnels, laying rails, conductors, 
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132-KV AND 264-KV COMPRESSION 
CABLES. 


THE general increase in transmission voltages, which 
occurred some twenty years ago, made it clear that the 
three-core impregnated-paper cable had considerable 
limitations when the operating pressure exceeded 
22 kV, though single-core cables could be used at higher 
values. The reason for this weakness was that the 
impregnating oil, which was forced into the outer layers 
of the dielectric when the cable heated up under load, 
failed to return when the temperature fell. In conse- 
quence, voids containing air instead of oil, appeared 

















Fig. 1. 











in the dielectric and caused a slow destruction of the 

per fibres and ultimately failure of the cable. 

rom time to time, various methods of preventing the 
formation of these voids have been suggested and 
cables for voltages exceeding 100 kV are now provided 
with arrangements for keeping the dielectric supplied 
with very fluid oil under pressure or for maintaining the 
pneumatic pressure inside the dielectric above that of 
the atmosphere by the inclusion of a gas within the 
enclosing sheath. 

An example of the latter solution is the compression 
cables which were installed at Osbaldwick, Yorkshire, 
by Enfield Cables, Limited, Victoria House, Southamp- 
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page 344 of our 158th volume (1944). This installation 
was planned primarily in order to obtain experience 
with 132-kV cables of this type under operating condi- 
tions. It had a route length of 500 yards and consisted 
of a three-phase circuit made up of three single-core 
cables with a conductor section of 0-4 sq. in., which were 
laid in inverted pyramid formation. These cables were 
connected in series with a 132-kV line having a maxi- 
mum rating of 90 MVA, which was selected because it 
normally carried a heavy and rapidly fluctuating load. 
Connection between the cables and the overhead lines 
were made through sealing bells, which were mounted 
on concrete supports, and three-phase rotating post 
isolators. 

Each cable comprised two lead sheaths, the space 
between which was filled with nitrogen gas at a 
pressure of 200 lb. per square inch. The stranded 
conductor was of oval section and was insulated with 
impregnated paper, 0-46 in. thick. This paper was 
covered with a metallised paper screen, over which was 
placed the inner lead sheath. This sheath was 0-08 in. 
thick and was reinforced radially by two copper tapes, 
which were lapped over oiled paper and covered with 
oiled cotton tape. The outer lead sheath was 0-12 in. 
thick and was reinforced circumferentially by brass 
tapes lapped over two oiled papers and a bedding of 
bitumenised paper to a radia] thickness of 0-04 in. 
Over this sheath were two layers of non-fibrous insu- 
lating materia] which was reinforced with cotton tapes 
and was finished with impregnated hessian tape. 
The overall diameter of each cable was about 3 in. 

The probability that still higher operating voltages 
will soon be necessary has led the Enfield Company 
to produce a length of cable of the same general design, 
but suitable for use on 264-kV circuits. As will be seen 
from the photograph of a section reproduced in Fig. 1, 
this cable consists of an ova] conductor made up 
of 61/0-099 in. copper wires to a cross section of 
0-478sq.in. The circumference of this core is smoothed 
off by the application of a special screen, and it is 
covered with impregnated paper with a thickness of 
0-7 in. This allows a maximum working stress of 
150 kV per centimetre to be sustained. As also shown 
in Fig. 1, the insulation is surrounded by an oval 
diaphragm lead sheath, which is contained in a circular 
reinforced-lead sheath. The space between the two 
sheaths is filled with nitrogen gas at a ure of 
250 lb. persquareinch. As a final protection, the cable 
is covered with a rubber sandwich, the overall diameter 
being 3} in. and the weight 60 Ib. per yard. 

The three single cables forming this installation are 
200 yards long and are each capable of carrying 
400 amperes at 264 kV, which is equivalent to a load of 
185MVA. The test length is laid in a trench at a depth 
of 3 ft. 6 in. at the Brimsdown works of the company, 
each cable being provided with a straight-through joint 
in the middle of the run, illustrated in Fig. 2, and 
terminating in porcelain sealing ends. The tests, to 
which these cables will be subjected, will include a 
voltage type test at twice the line voltage for 15 
minutes between the conductor and the earthed screen. 
Wet and dry flashover tests, with and without horns, 
will also be made, as well as a test to ascertain at 
what voltage corona begins. Finally, impulse tests 
will be made with a generator which will be arranged 
to give a wave form of 1/50. The results will be awaited 
with interest as, if it is decided to increase the capacity 
of the grid by raising the operating voltage of certain 
sections to 264 kV, it is probable that in a densely 
populated country like this, parts of the network will 
have to be placed underground. 





BROACHING MACHINES, TOOLS 
AND PRACTICE.* 


By E. Percy Epwarps, M.I.P.E. 


Tue practice of broaching dates back nearly 100 
years. The derivation of the noun “broach” is 
undoubtedly from the Latin brocchus, meaning “a 
projection of teeth,” and thence the French broche, 
meaning an awl, a bodkin, or a tool for tapping wine 
barrels. Taper-pin reamers having five or more sides 
are often described as “ Lancashire broaches,”’ but, 
in the light of modern practice, this is a misnomer ; 
no reference is made in the paper to this type of tool. 

In 1853, Richard Lawrence, at a rifle factory in 
the United States, using a hand pross, pushed round 
and serrated balls through heated gun barrels to size 
or gifle them, and this process was continued during the 
Civil War of 1861-1865. A hand-operated broach was 
developed at about that time in this country and in 
Europe, also for sizing gun barrels, some of which 
were sent to America during the Civil War. In 1870, 
a patent was granted for a multi-toothed cutter-bar 
for producing keyways, and in 1873, another patent 





* Paper read at the Wolverhampton, Birmingham and 
Leicester sections of the Institution of Production 








signalling, etc., is considerable, and accounts for the 
delay in completing the whole scheme. 
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was granted to A. P. Stephenson for an improvement 
in broaching machines; this appears to be the first 
official use of the word “ broaching.” At about the 
same time, a tool was developed for machining the bore 
of bearing brasses; it consisted of multiple-discs 
threaded on an arbor and used in a press, and was the 
forerunner of the “ built-up” broach. While surface 
broaching is a more modern development, there are 
known examples as early as 1882; a machine was 
patented in America in that year, and in 1888 a further 
patent was granted for a method of surfacing and sizing 
wrenches by surface broaching in one pass. Modern 
internal broaching dates back to 1898, when J. N. 
Lapointe de om | from the rack and pinion type of 
machine and produced the first machine operated by 
screw and nut, which set a new standard in production 
for both speed and accuracy. This led, in 1902, to the 
incorporation of the Lapointe Company, the first 
organisation specifically formed to develop the practice 
of broaching as now understood. 
From plain bearings and keyways, there was a natural 
development to the machining of internal square 
holes for sliding gears, and by 1910, a further advance- 
ment to multiple splines. About 1914, the first duplex 
horizontal screw-operated machine made its appearance, 
and, during the war which commenced in that year, 
broaching came into greater use. The rifling of gun 
barrels on production lines dates from this period, 
ball-bearing pullers being used for the first time as a 
means of producing the helix in the bore. Further 
developments at this time were the use of cutter bars 
having inserted teeth, and the commencement of what 
is now almost universal practice, namely, the use of 
high-speed steel for broaches in place of cast-steel or 
case-hardening mild steel. The first horizontal hydrau- 
lically-operated machine was manufactured about 1921 
by the Oilgear Company and established a notable 
advance in broaching practice, with increased cutting 
speeds and improved tool life. 
For some time, however, controversy raged among 
engineers, particularly in this country, regarding the 


merits and de-merits of hydraulically-operated machines | d 


as compared with the screw type. The disadvantage 
common to hydraulic machinery, of dependence on 
accumulators, was revolutionised, so far as machine 
tools were concerned, by the introduction of self- 
contained motor-driven unit pumps, using oil as a 
working fluid instead of water. The controversy 
gradually died down, new competitors came into the 
field, and to-day the great majority of horizontal 
broaching machines, and all vertical machines, are 
hydraulically operated. 

While surface broaching has developed more slowly 
in England than in the United States, where quantity 
production made it a necessity, it received a definite 
impetus everywhere during the war just concluded. 
In America and Europe, but still to a lesser degree here, 
broaching—and particularly surface broaching—was 
used to a considerable extent; so much so, indeed, 
that not a single machine-gun, rifle, aeroplane engine 
or fuselage, transport vehicle, electrical or hydraulic 
device was produced that did not, at some stage in 
manufacture, depend upon broaching. 

In tool production, as in most engineering practice, 
it is easier accurately to produce external forms than 
internal, particularly where hardening and grinding 
are involved. The internal broach, therefore, lends 
itself to comparatively easy manufacture, and, once 
produced, continues to reproduce its form in the work- 
piece over very long periods in terms of quantity. It 
is easily reconditioned when the cutting edge is dulled, 
and the accuracy of the final product is maintained 
because only the few finishing teeth need to be of exact 
size and form required, and these are not subjected 
to the hard usage met with in other machining 
methods. The fact that different roughing and 
finishing teeth can be combined in one set-up is 
obviously an advantage, and generally allows of faster 
stock removal than other metal-cutting processes. 
Individual cutting teeth only being in contact with the 
work for such a brief period, removing a pre-determined 
and relatively small amount of stock, there is a mini- 
mum of frictional resistance and consequent heat 
absorption. For these reasons, correctly designed 
broaches should produce more components than tools 
of other types. 

Other advantages are the high finish obtainable, 
and the fact that often combined machining operations 
can be performed ; for instance, internal and surface 
broaching, or machining in different planes in correct 
dimensional relation to each other. The disadvant&ges 
are unsuitability for large stock removal ; the fact that 
broaching is not applicable where there is any obstruc- 
tion to the passage of the broach in relation to the work- 
piece (although consideration of component design will 
often obviate this) ; and that the method is not always 
economical where only smal] production is called for, 
or if only small batches at long intervals are required. 
Conversely, there are many cases where broaching 
offers the only economical method, even for small 


holes, spline or spiral-spline holes, and serrations. In 
surface broaching, the only likely deterrent will be the 
original cost of the machine rather than the tooling. 

The hydraulically-operated type is now mostly 
used, because of its infinitely controllable speed and 
power, both in the cutting and reverse strokes, the 
cushioning effect produced by the compression of the 
operating fluid, and the known and controllable load 
on the broach. These advantages are entirely absent 
in screw- and rack-operated machines. 

Special horizontal machines have been produced 
for rifling gun-barrels by broaching, some of which 
operate on one barrel at a time, using five to seven 
broaches progressively, while others, using several 
broaches in succession, operate on a number of barrels 
simultaneously, giving much quicker production. In a 
machine of the latter type, having five broaching 
positions and one loading and unloading position, the 
final broach also sizing the bore, barrels up to 37 mm. 
bore can be broached. The components are loaded 
into the indexing work holder and the five broaches 
are pulled through the barrels simultaneously. At the 
end of each stroke, the work-head is indexed to a 
position half-way between the broaching stations, and 
the broaches are then automatically pushed back 
through return tubes into the broach pullers at the rear 
end of the broach slide. They are retained in this 
position while the barrels index to the next broaching 
station, whereupon the broach slide moves forward 
until the broach shanks engage with the forward 
pullers and complete the broaching stroke. 

The ls are rotated during the cutting stroke 
in relation to the helically arranged teeth on the 
broaches through a suitable train of gears, operated 
from a spiral shaft and nut situated in the centre of 
the work-head. This shaft is secured to the broaching 
head of the machine and is drawn axially through the 
work holder during the broaching operation, simul- 
taneously withthe broaches. 

The coolant fluid, which is fed under pressure, is 
automatically controlled so that it is only supplied 
uring the forward stroke. Production as high as 
60 barrels per hour is possible by this method. In 
helical ing, com nts having an internal helix 
not exceeding 8 deg. lead, and in which the width does 
not greatly exceed the bore diameter, may be broached 
without any leader other than the broach itself, pro- 
vided that the work is supported in a fixture having a 
ball thrust bearing. 

When a vertical pull-up machine is used for internal 
broaching, the component is threaded on to the broach 
pilot while the broach is in the lower stationary position, 
so that it will make contact with the under side of the 
crosshead or table when the broach puller rises. At 
the end of the stroke, the component is removed either 
manually or by means of a chute, and the broach is 
then returned to the starting position. 

An instance of the use of a push-down machine with 
multiple broaches—four of which are used simultane- 
ously—is in broaching bores in distributor cams. A 
hand-operated indexing fixture is used, four components 
being loaded during the cutting cycle on another four. 
A high finish to a close tolerance being necessary, 
burnishers are included at the finishing ends of the 
broaches, which are returned automatically to the 
upper head while the indexing fixture is at right angles 
to the operating position. There are a number of 
different machines of the pull-down type, some of 
which are especially suitable for particular operations. 

An interesting modification, corresponding in effect 
to a pull-down machine, is the method of operation 
in which the broaches remain stationary during the 
cutting stroke, the work being drawn upwards on a 
rising table. In one machine of this type, the work 
pieces are loaded at the front end of the table and are 
then pushed to the rear position under the broaches, 
automatically tripping a switch which starts the 
machine cycle. At the completion of the cutting 
stroke, the broaches are released at the upper end, and 
an ejector mechanism pushes the work-pieces to the 
front of the table, clear of the broaching position. 
The table descends, and simultaneously the upper ram 
also descends to retract the broaches and return them 
to the starting position. The table having descended, 
the components are automatically ejected on to a 
roller-track, and thus to the next operation. Swarf is 
collected on an automatic conveyor underneath the 
machine, and carried to its rear. The whole of the 
machine cycle is hydraulically operated and electrically 
interlocked, the operator only needing to load the 
components at the front end of the sliding table. 

(To be continued.) 





LOCOMOTIVE Exports.—In reply to aquestion by Mr. 
R. A. Butler in the House of Commons on November 4, 
the Secretary for Overseas Trade (Mr. H. A. Marquand) 
said that from January to September of this year, 710 
locomotives had been exported. Of these, 303 were 
main-line steam; 27 Diesel; three electric; and 277 





quantities ; examples being regular or irregular-shaped 








Nov. 22, 1946. 


PORT DESIGN IN OPEN-HEARTH 
FURNACES. 


ALTHOUGH there has been no revolutionary change in 
open-hearth furnace design since Siemens patented 
his first furnace in 1861, there have been many improve. 
ments resulting in larger furnaces, faster working and 
greater reliability. The lack of fundamental informa. 
tion regarding the combustion processes in the labora. 
tory of the furnace, however, still makes it impossible 
for an engineer to design an open-hearth furnace in 
the sense that he can design a bridge. As a result of 
discussions between the Open-Hearth Advisory Com. 
mittee of the United Steel Companies, Limited, and 
representatives of the British Coa! Utilisation Research 
Association, it was agreed that the best method of 
obtaining the desired information was by studying 
the effect of different port designs on the combustion 
and, in particular, on the internal heat flow of the 
furnace. The next step was to correlate the interna! 
heat flow with output rates. Three 80-ton furnaces of 
very different type in the Templeborough melting shop 
of Messrs. Steel, Peech and Tozer were chosen, and 
several closely controlled trial casts made in each 
furnace to decide which type was the most efficient 
and the reason for this. External factors, such as the 
gas and air flow, gas quality, preheat temperatures, 
gas pressures, and metallurgical load, were controlled 
or recorded, and heat-flow meters, narrow-angle 
radiometers, roof pyrometers and other instruments 
were used to study radiation. The flame location, 
velocity, and stability, together with the rate of mixing 
of the gases, were studied by means of slow-motion 
cinematograph films and by a multiple sampling probe 
inserted through the roof. 

The results of the investigation are contained in 
Special Report No. 37 of the Iron and Steel Institute, 
entitled “‘The Influence of Port Design on Open- 
Hearth Furnace Flames,” compiled by Dr. J. H. 
Chesters, of the United Steel Companies, Limited, 
Stocksbridge, Sheffield, and Mr. M. W. Thring, of the 
British Coal Utilisation Research Association, London. 
The report, which was presented for discussion before 
the autumn meeting of the Iron and Steel Institute, on 
November 13, is a volume of 187 pages containing 17 
folding and other plates and many illustrations of 
graphical data in the text. It is divided into three 
main sections, sub-divided into a number of parts, 
each of which is in reality a complete paper by various 
authors on a particular phase of the research. In view 
of the bulk of the report, it is only possible for us to 
give below a brief outline of the ground covered. 

Section I is entitled “‘The Design of the Experi- 
ments,”’ and part 1, by Dr. Chesters and Mr. Thring, 
deals with the “* Purpose and Plan of the Trials.” We 
have dealt with these in our introduction, but reference 
should perhaps be made to the three furnaces chosen, 
designated H, K and S. The H furnace, described as 
a typical British furnace, has a silica port faced with 
chrome-magnesite bricks. It is not water-cooled at 
the ports or in the doors or door frames. The K 
furnace is essentially of the Maerz type, though its 
dimensions have been altered somewhat since it was 
originally built. The main faetures are the use of a 
short water-cooled port built into the end wall and the 
complete absence of any “ knuckle” in the roof. The 
doors and door frames are water-cooled and the chequer 
chambers shorter but deeper than is the case with an 
ordinary furnace. The S furnace, which is of relatively 
recent construction, is essentially similar in design to 
the normal Venturi furnace, though the length of 
the port barrel is considerably less than usual. The 
nose of the port in this furnace is built of chrome- 
magnesite bricks, which are water-cooled by means of 
six mild-steel pipes. The roof has a particular steep 
ramp and a very sharp knuckle which could not be 
maintained without the good flame control associated 
with a water-cooled port end. Like the K furnace, but 
unlike the H, this furnace has a semi-sloping back wall. 
It differs from the other furnaces in that the roof is 
built in two thicknesses, 15 in. over the back wall and 
12 in. for the remainder. The object of this construc- 
tion is to provide more refractory at the point at which 
the wear is most pronounced. 

“The Variability of Furnace Performance” is the 
title of Section I, part 2 of the report; it is by Miss 
I. D. L. Boswell and Mr. M. W. Thring, who state that 
in order to provide a background for the trial results. 
the weekly averages and the variabilities of the charg- 
ing-plus-melting and refining times over about 18 
months, on each of the three trial furnaces, are pre- 
sented as functions of the date, age of the crown and 
chequers, steelmaking variables, fuel supply and other 
factors. It is shown that the variability is so large 
(80 minutes) that reliable comparisons cannot be made 
between furnaces in normal operation unless data for 
at least 60 casts are available. When, however, 
sufficient data are available there are consistent differ- 
ences of an hour in the mean melting-plus-charging 
times between the S furnace, which is the fastest, and 
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than S on the melting-plus-charging time but is as 
slow a8 H on the refining time, for which both are 
9 minutes slower than S. There is evidence that, like 
the melting time, the charging time is probably largely 
dependent on the flame characteristics. It is concluded 
that the flame radiating power is the major factor by 
which improvements in output can be expected, and 
an indication is found that metering the gas may alone 
be sufficient to produce an appreciable improvement. 
In Section I, part 3, which deals with ‘‘ Preliminary 
Heat-Flow-Meter Survey,” Mr. R. H. Baulk and Mr. 
R. Walker state that they have made experiments 
which throw light on the best conditions for the deter- 
mination of the pattern of flame radiation, in any one 
cast of an open-hearth furnace, by means of the heat- 
flow meter. It has been found to be necessary to make 
careful allowance for variation in the general radiation, 
with time, when only one instrument is used, and it is 
decided that it is essential to use two instruments 
simultaneously in the main trials to allow for this 
effect. One trial in which the gas-flow rate was also 
recorded is described, and it is shown that a much 
better correlation of the downward heat flow is 
obtained with the gas quality than with the gas quan- 
tity. 

Section II of the report is headed “The Experi- 
ments,” and contains 14 parts; the first, which deals 
with the “‘ General Arrangement of Instruments and 
Fittings,” is by Mr. J. E. Doyle and Mr. G. Lomas. 
They state that records were kept of some 40 variables, 
23 of these being automatically recorded. Approxi- 
mately 30 men were required to take readings and 
maintain equipment, apart from those operating the 
furnace. The measurements had to be carried out 
without any interference with production and hence 
careful planning was required. Section II, part 2, 
bears the title, ‘‘ Producer-Gas and Air Metering.” 
The authors, Mr. H. E. Dall and Mr. J. Pluck, state 
that pressure economy and other considerations 
influenced the decision to use, in the present tests, a 


the gas measurement, and a metal Venturi intake for 
the air measurement. Both of these were coupled to 
differential recorders of the Kent ring-balance type. 
The gas Venturis were scoured with compressed-air 
jets operated for a few seconds at four-hourly intervals. 
Part 3 of Section II deals with ‘* Pressure Distribution 
in the Trial Fusnaces,” and is by Mr. F. A. Gray and 
Mr. J. Senior, who state that the principal pressures of 
interest in connection with the trials were those in the 
gas and air uptakes and in the furnace laboratory. 
Records were taken at 18 different points in the system 
with a view to getting a complete picture of the resist- 
ances to gas flow. Results showed that the gas supply 
to one end of the furnace was about 10 per cent. greater 
than that to the other end and data plotted for the 
H furnace showed that the gas flow varied as the square 
root of the pressure head behind the port. Part 4 
contains a description of the ‘‘ Recording of the 
Calorific Value of the Producer Gas.” The authors, 
Mr. G. Lomas and Mr. R. Mayorcas, give an account of 
the installation and performance of a recording calori- 
meter operating on hot “dirty” producer gas. The 
authors emphasise the usefulness and need for such an 
instrument and recommépd that a record of the quality 
of the gas available to ‘a particular furnace be trans- 
mitted to the melter’s cabin so that adistinction between 
quality and quantity can be readily made by the 
melter. 

In Section II, part 5, Mr. I. M. D. Halliday deals with 
“ Preheat Temperatures of Gas and Air,” and states 
that suction pyrometers were used to measure the 
preheat, and also the waste-gas temperatures at stage 
level in each uptake on the trial furnaces. The main 
conclusions reached may be summarised as follows : 
In the first place, the air preheats in S furnace averaged 
70 to 100 deg. C. less than in H and K furnaces. 
Secondly, the preheat temperatures of the gas in all 
three furnaces were from 130 deg. to 270 deg. C. lower 
than the air preheats. Thirdly, the preheat depends on 
the waste-gas temperature for the previous half-cycle 
of the reversal. Fourthly, reversal averages of waste- 
gas temperatures tend to rise during a cast. Lastly, the 
charging of cold material and air infiltration due to 
open doors tend to lower the waste-gas temperature 
and hence the preheat. Part 6 on “‘ Roof Pyrometry,” 
is by Dr. J. H. Chesters, who states that since silica 
roofs are found to “drip” at 1,680 deg. C., and the 
final bath temperature generally exceeds 1,600 deg. C., 
roof pyrometry is considered essential to the mainten. 
ance of maximum output. Water-cooled total radia- 
tion units sighted on the roof through holes in the 
back wall were found to give satisfactory results in the 
trial casts, though experience has suggested various 
improvements in the method of installation. The 
average bias during the test runs amounted to only 
about 10 deg. C. Attempts to correlate roof tempera- 
ture with gas flow, air flow, air/gas ratio, calorific 
value of the gas, and the preheat temperature, gave 
negative results, though big changes in gas flow had 


rather complex and are partly hidden by the influence 
of factors other than those measured. Part 7, by 
Mr. J. R. Arthur, Mr. J. E. Doyle and Mr. G. Lomas, 
describes the “‘ Methods of Recording the Waste-Gas 
Analyses,”’ using a Duplex Mono recorder for measuring 
CO, and CO plus hydrogen, and Orsat apparatus for 
check readings, and Part 8, by Mr. S. W. Pearson, 
describes the ‘‘ Control of Steelmaking.” Mr. Pearson 
points out that a measure of control was exercised 
over raw material, furnace manipulation, charging 
and melting technique and refining technique. If 
closer limits of control are demanded the author 
considers that it would be essential to use a more 
standard fuel and also to have identical steel specifi- 
cations. 

Section II, part 9, relates to “The Performance 
of the Refractories in the Trial Furnaces.” Dr. Y. K. 
Zea, the author, states that he has made a survey of 
the factors affecting the life of open-hearth furnace 
roofs. Laboratory and operational data on 29 roof 
campaigns on 14 roof furnaces have been collected. 
Under the existing conditions, the influence of brick 
quality and of constructional or design factors is less 
than that of operational factors. The maintenance of 
flame direction has a marked effect on roof erosion. 
High roof temperatures and aged chequers both appear 
to increase the roof wear. Stop-week shut-downs of 
furnaces are an important factor in reducing the average 
roof life. Part 10, by Mr. I. M. D. Halliday and Mr. 
A. R. Philip, treats of “‘ Heat Loss Through Water- 
Cooling of Ports and Doors.”” The main conclusion 
arrived at is that the heat loss in the cooling water on 
K and S furnaces amounts to about 10 per cent. and 
6 per cent., respectively, of the total heat input at the 
gas valve. This is divided between ports and doors 
into 3 per cent. and 7 per cent. for the K furnace, and 
2-5 per cent. and 3-5 per cent. for the S furnace. 
The greater heat losses on the K furnace are associated 
with the smaller heat input to this furnace, and possibly 
also with its greater age. Part 11, by Mr. R. H. Baulk, 
Mr. J. J. Reilly and Mr. R. Walker, deals with ‘‘ The 
Measurement of Heat Flow in the Trial Furnaces.” 
The authors state that the results show, first, that the 
downwafd radiation at the ingoing end fluctuates 
independently of that over the rest of the furnace, 
whereas the middle and outgoing ends fluctuate 
together. Broadly, the main causes of variation of 
flame radiation are the fuel and air-input conditions 
and these causes are sufficient to account for so much 
variation that if they could be kept at their optimum, 
the flame would be so powerful that a very significant 
reduction of furnace time would accrue. 

“The Emissivity of Producer-Gas Flames in Open- 
Hearth Furnaces ”’ is the title of Section II, part 12. 
The author, Mr. R. Mayorcas, states that for the 
complete characterisation of a flame it is necessary to 
measure two of the three quantities: total heat 
radiated, emissive power, and gas temperatures. 
Methods of measuring gas temperatures with thermo- 
couples have on the whole not been successful, since 
the high temperatures and gaseous conditions in indus- 
trial furnaces affect their accuracy. A study of the 
methods used by Schack, Schmidt and Sherman for 
measuring the emissivity of gases led to the develop- 
ment of the narrow-angle radiometer. This consists 
essentially of two parts: the arm, holding the radio- 
meter, which acts as a sighting tube; and a water- 
cooled target, which defines the thickness of flame to 
be measured and prevents the radiation from surround- 
ing walls from reaching the radiometer. The sighting 
tube consists of three concentric steel tubes, about 
14 ft. long, leaving a central hole 1 in. in diameter 
down the whole length. The target is sufficiently large 
to exceed the area subtended by the solid angle of the 
radiometer at the maximum distance from the end of 
the sighting tube. For convenience of construction, 
the target was made rectangular with baffles in contact 
with rapidly flowing water. Both tubes are mounted 
on a trolley to facilitate insertion in the furnace. The 
sighting tube is firmly fixed to the trolley, but the 
target tube can be moved backwards and forwards by 
means of a rack and pinion, thus giving the variable 
thickness of flame. The experiments carried out 
included measurements of the radiation from several 
thicknesses of flame inside the furnace, and also some 
measurements taken right across the furnace, sighting 
the radiometer through a hole in the back wall of the 
furnace on to a door directly opposite. It is concluded 
that the incoming end of the flame is strongly luminous, 
but conditions in the outgoing end show that the 
flame here is non-luminous. The author feels that the 
work should be supplemented by a more complete 
investigation of the effect of preheat on the luminosity 
and of the different luminosities from various types of 
fuel. 

Section II, part 13, by Mr. J. J. Reilly, Mr. R. 
Phillips and Mr. D. Franklin, deals with ‘‘ The Effect of 


Furnace.” These authors show, on theoretical grounds, 





an obvious effect. The relationships are apparently 





that an index of the gas-air mixing conditions (and 


can be obtained by taking gas samples with water 
cooled sampling probes at different heights in the 
flame. Some preliminary experiments in a glass ‘tank 
led to the design of a multiple sampling probe with 
which samples could be taken simultaneously at four 
different heights over the bath. Experiments were 
made with such a probe in each of the three open- 
hearth furnaces of the trials, and it was found that, 
provided that suitable precautions were taken, a clear 
index of the relative mixing conditions could be ob- 
tained. A comparison of the three furnaces indicates 
that the best one is that which gives the shortest 
flame by good mixing in the lower half of the furnace, 
while at the same time it gives the greatest degree of 
horizontal stratification. 

Part 14, which closes Section II of the report, is by 
Dr. Chesters and Mr. A. R. Philip and is entitled 
“Cinematography of Open-Hearth Furnace Flames.” 
The authors state that slow-motion cinematograph 
films taken with a Zeiss Ikon Movikon 16-mm. camera 
at one-thousandth of a second exposure provide valu- 
able information regarding flame location, velocity, and 
stability. Ten “shots” were taken on each trial cast 
just before the fully-melted Five were taken 
with the flame going from left to right and five with it 
going from right to left. The first three shots were 
taken through the main doors in a direction perpen- 
dicular to the front wall; the fourth and fifth shots 
were oblique views of the incoming and exit ports. 
These latter were taken to show the stability of the 
incoming jet and the extent of “tailing ” of the exit 
gases. urements of the films enabled the height of 
flame at each door, the flame “flap” and the flame 
velocity to be determined. Most of the velocity values 
were calculated for surges on top of the flame, but in 
the later trials strontium nitrate was introduced into 
the gas uptake and the speed at which the crimson 
coloration crossed the doors was determined. The 
S furnace showed the highest “surge” velocity and 
the least tendency for the flame to lift between the 
first and second doors. The H furnace had the greatest 
tendency to tailing of the exit gases. 

Section III of the report, which deals with “‘ Inter- 
pretation of Results,” is divided into two parts, the 
first of which is by Dr. J. H. Chesters and Mr. M. W. 
Thring ; it is entitled ‘“‘ General Results, with Conclu- 
sions and Recommendations.” These authors state 
that, in the trials, the melting-plus-charging times 
were between 1 and 2 hours shorter than during com- 
parable non-trial casts, whereas little significant 
difference appeared in the final refining times. While 
part of the gain in melting time was due to the use of 
special materials in the trials, a large portion can be 
attributed to an improvement in the heating power 
of the furnace, resulting from the use of instruments 
during the trial casts. In particular, a diminution of 
air infiltration was achieved by roof-pressure control. 
Secondly, the maximum gas quantity was made use of 
for a longer time, this being made possible by the close 
observation of roof temperatures by recording pyro- 
meters. The trials show that an increased heat flow 
to the charge, which is the primary factor governing 
melting rate, can be obtained not only by increasing the 
quantity of fuel burnt, but even more by increasing 
the theoretical combustion temperature. Comparing 
the three furnaces during the trials, S furnace was 
found to be considerably quicker than H and K fur- 
naces. K was working with old chequers, but there is 
evidence that it would not have been as quick as S 
even if the chequers had been new. The rapid melting 
rate of S furnace is mainly due to a very high flame 
radiation in this furnace (as measured with the heat- 
flow meter), and it is concluded that this high radiation 
is largely due to a high flame temperature resulting 
from (a) stratification in a vertical plane so that the 
excess air flows along the top of the flame; (6) the 
high gas quantity, and possibly (c) better mixing in a 
horizontal plane, giving a short flame. It is s 
that the interval between completion of charging and 
the fully-melted state is a critical one during which a 
maximum flame radiation is* essential if the overall 
time is to be kept short. With regard to furnace 
design, the most important point is to obtain a maxi- 
mum flame temperature by reducing air infiltration 
and using a maximum preheat, The semi-Venturi port 
is the most promising of the three investigated. 

In Section III, part 2, entitled ‘“‘ The General Theory 
of Heat Transfer in the Open-Hearth Furnace,” Mr. 
M. W. Thring gives evidence that the main factor 
accounting for variations in melting time, which in the 
three 80-ton open-hearth furnaces investigated, varied 
between the limits of 10} and 5} hours, was the variation 
of the downward heat flow, as measured with the heat- 
flow meter. When the flame radiation is altered, the 
relation between the downward heat flow and roof 
temperature is found to be much the same whether this 
is effected by altering the temperature or by changing 


Port Design on Gas-Air Mixing in the Open-Hearth| the emissivity. Where insufficient heat is available 


to bring the roof temperature up to the safety limit, 
the increase of the emissivity as, for example, by tar 





therefore of the flame length) in an open-hearth furnace 


addition, is very desirable. 
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ROTARY SELF-CLEANING FILTER. 


THE rotary automatic self-cleaning filter, illustrated 
in Figs. 1 and 2 above, is designed to handle large 
quantities of liquid which may contain a high percent- 
age of solid matter. This matter, which may not exist 
in the original liquid, may have been picked up in the 
use of the fluid and must be removed to render the 
liquid of service again; examples are lubricating oils 
and greases. Fuel oil may contain particles of sufficient 
size to choke the generally minute orifices of the burners, 
while certain factory effluents carry impurities which" 
must be removed before discharge. The filter is manu- 
factured for Messrs. Alfa-Laval Company, Limited, Great 
West-road, Brentford, Middlesex, by Messrs. Newcon 
Filters, Limited, Slough, and an illustrated description 
of a non-automatic form was given in ENGINEERING, 
vol. 148, page 55 (1939). The automatic form described 
below is of different construction. The screening prin- 
ciple is, however, identical in both filters, that is, the 
liquid to be cleaned is passed through a screen of fine- 
mesh nickel gauze held between a pair of perforated 
concentric cylinders. This assembly is seen at @ in 
Fig. 1. The direction of flow is from the outside to the 
inside. At the bottom of the periphery of the filter 

‘drum is a trough b, extending the full length of the 
drum but is narrow so as not to take up more of the 
sereen area than is necessary. This trough, it will be 
seen, is spring-loaded so that its edge, of rectangular 
contour, is always kept in contact with the drum 
periphery. The trough communicates at the bot- 
tom with the sludge-discharge valve c, which, in 
turn, leads to a suitable receptacle for the screened 
matter. 

As long as the screen is not choked, the liquid is 

through the filter by entering at the branch d, 

seen on the right in Fig. 2, but not visible in Fig. 1, 

and leaving at the branch e, Fig. 1. Should, however, 

the mesh become clogged, the drum is rotated on its 

axis, when the internal pressure forces off the adherent 

sludge into the trough, the sludge-discharge valve being 

then open. A single complete revolution of the drum 

is all that is required to clear the fine mesh screen while 

any sludge adhering to the outside wall is scraped off 

by a knife parallel and close to the trough and falls to 

the bottom of the filter casing, whence it is drawn off 
at intervals through the hand-operated cock f. The 
method of rotation of the drum in the non-automatic 
filter described previously is entirely different from that 
in the automatic type now under consideration. In the 
non-automatic type an internal piston at one end of 
the drum is acted upon by the differential pressure 
between the outside and the inside of the drum. The 
difference of pressure is not great enough when the 
screen is clear to cause movement of the piston, but. 
when the screen becomes clogged the difference is 
sufficient to displace the piston far enough to ring an 
alarm bell, of the wound-up type. On this signal 
being heard the drum is turned by a handwheel 
and the sludge-discharge valve is opened by hand, 
with the result that the screen cleansing operation 
takes place as just described. This cleansing operation 
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in response to an alarm naturally calls for some alert- 
ness on the part of the attendant, so that, in cases 
where the flow is very rapid and the liquid contains 
much foreign matter, the automatic filter és more 
suitable. 

The drum is rotated in the automatic filter by a 
motor g, of $ h.p., wound for 400-440 volts alternating 
current and running at 2,850 r.p.m. The motor is 
coupled to a spindle h formed with a worm i of fine 
pitch which meshes with a worm wheel j mounted on 
the drum shaft. The worm runs in an oil-bath in the 
gear cover. The motor is started and stopped at pre- 
determined intervals by a time switch and runs for a 
period sufficient to rotate the drum through one com- 
plete revolution at each cycle. It will be obvious, 
however, that the sludge-discharge valve must be 
opened concurrently and automatically. This valve, 
as shown in Fig. 1, is of the guided-ball type and its 
spindle is extended to carry a piston k upon which a 
valve-closing load is exerted by a helical compression 
spring. The cylinder in which the piston works is 
part of a closed circuit containing oil, the other elements 
in the circuit being a small pump / driven by a belt 
from the motor spindle, an oil reservoir not visible in 
either illustration and, of course, the connecting pipes. 
So long 4s the motor is at rest, the pressure of the 
spring on the piston keeps the sludge-discharge valve 

osed, but as soon as the motor starts the pump 
generates pressure on the free side of the piston and 
opens the valve, the oil in the cylinder on the spring- 
loaded side of the piston being displaced into the 
reservoir. Immediately the motor stops the pump 
stops also, and the spring closes the valve and forces 
the oil on the other side of the piston back into the 
reservoir. 

The particular filter illustrated in Figs. 1 and 2 has 
inlet and outlet branches 6 in. in diameter. It has a 
capacity of 20,000 gallons per hour, based on lubricat- 
ing oil at 100 deg. F. with a 300-mesh nickel gauze 
screen. The working pressure in the system ranges 
from 15 lb. to 200 Ib. per square inch, and the pressure 
drop in the filter is 2 lb. per square inch, with a ratio of 


clear screen area to area of inlet of approximately |, 


7 to 1. Flushing and steaming out connections are 
provided. For smaller quantities and for liquids 
which normally carry only a small amount of impurity, 
it is scarcely necessary to employ either the fully auto- 
matic or the alarm-bell type of filter, and Messrs. 
Newcon have therefore developed a simple type of 
hand-rotated filter without an alarm. This type 
depends for its efficiency on the periodical attention it 
receives, which is not difficult to arrange for when the 
filter is adjacent to a machine or apparatus which itself 
requires constant attention. It may be mentioned 
here that the three kinds of rotary filter referred to 
above do not constitute the whole of the t available. 
Messrs. Newcon also manufacture small filters in which 
the cleaning pressure is provided by the reciprocation 
of a piston inside the cylinder, the piston having a 
convenient operating plunger. These filters are either 
unjacketed or jacketed with steam or hot water, and 
are made in both the single and dual types. 
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OIL-ENGINED LOCOMOTIVE FOR 
MINING WORK. 


Ir is well known that battery-driven electric loco- 
motives have been employed for some considerable 
time for underground haulage in British coal mines but 
it is, perhaps, not quite so widely known that oil- 
engined locomotives are now being used also for this 
purpose. Actually they have been in use on the 
Continent for some 15 to 20 years and in Germany, at 
the outbreak of war, oil-engined locomotives were super- 
seding other types. Nevertheless, their use in British 
coal mines was not approved until March, 1939, when 
regulations regarding the design and employment of 
oil-engined locomotives for underground haulage were 
issued for the first time by the Board of Trade. The 
main objection to the employment of any internal- 
combustion engine underground is, of course, the risk 
of igniting an inflammable atmosphere by sparks 
emitted either from the exhaust or air-inlet systems. 
While there is little possibility of a backfire through 
the air-inlet valve of a Diesel engine, it must not be 
overlooked that it is possible for this type of engine 
to run in the reverse direction from normal, in which 
case the air inlet functions as the exhaust. It is 
essential therefore, that an efficient form of flame 
arrester be fitted to both the air-inlet system and the 
exhaust system. There are, of course, other places on 
the engine, such as the valve guides, cylinder heads and 
exhaust-pipe joints, where it is possible for sparks, or 
flames to be emitted and all these points have to be 
considered when assessing the suitability of an engine 
for use underground. Another objection to the use of 
oil-engines in coal mines is the danger of air contamina- 
tion, for, although the exhaust gases in themselves are 
not dangerous, extreme discomfort may be caused 
owing to the presence of aldehydes which irritate the 
nose, throat and eyes. Therefore, any engine for 
employment underground, in addition to being flame- 
proof, must be arranged for the exhaust gases to be 
washed, or conditioned, before passing them to the 
atmosphere. 

It will be appreciated from the foregoing that many 
difficulties had to be overcome in designing an oil- 
engined locomotive suitable for operation in gassy 
coal mines. Nevertheless, a locomotive designed and 
built by Messrs. Ruston and Hornsby, Limited, of 
Lincoln, succeeded in passing the tests laid down by 
the Board of Trade in March, 1939, as early as the 
following May, this being the first oil-engined locomo- 
tive to be approved for use in British coal mines. That 
this firm should have been the first to obtain approval 
is not surprising as they have been engaged on the 
manufacture of narrow gauge Diesel locomotives since 
1931, and in 1934 a standard locomotive was flame- 
proofed to meet Continental requirements ; after the 
usual tests, a certificate of approval was obtained from 
the Belgian Bureau of Mines, The latest and most 
powerful of their range of oil-engined locomotives for 
underground haulage in gassy coal! mines is illustrated 
in Fig. 1, on the opposite page, and it will be seen 
that it is a four-wheeled engine of compact design. 
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OIL-ENGINED MINING LOCOMOTIVE. 


MESSRS. RUSTON AND HORNSBY, LIMITED, LINCOLN. 
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This locomotive, which weighs 7 tons, is known as the 
48DLZ model and is supplied for various gauges 
between the limits of 1 ft. 6 in. and 3 ft., the correspond- 
ing maximum widths being 4 ft. 14 in. and 4 ft. 8 in., 
the overall length and maximum height remaining con- 
stant at 12 ft. 2 in. and 5 ft. 7} in., respectively. The 
drive from the engine is transmitted to a three-speed, 
constant mesh gearbox and thence by sprockets and 
chains to both axles. Westinghouse two-line, air- 
pressure braking equipment is fitted, operating brakes 
on both the train and the locomotive and, should any 
portion of the train break away, the brakes are auto- 
matically applied on both the locomotive and the 
separated portion of the train. The engine is, of 
course, fully flameproofed and is fitted with an exhaust- 
gas conditioner. 

The motive unit, which was designed and manu- 
factured by Messrs. Ruston and Hornsby, is a four- 
cylinder vertical-type compression ignition oil engine, 
with a bore and stroke of 44 in. and 54 in., respectively, 
and having a B.S.I. 12-hour rating of 44 brake horse- 
power at 1,100 r.p.m. The engine is of monobloc 
construction and is fitted with cast-iron detachable 
wet-type liners which are sealed at the bottom joints 
by rubber rings. Aluminium-aWoy pistons are used 
and each piston has three pressure rings and one oil- 
control ring. The connecting rods are steel forgings 
and phosphor-bronze bearings are fitted to the top 
ends, while the bottom ends are white-metal lined. 
The crankshaft is carried in five white-metal bearings 
and is drilled: for bottom-end lubrication, the lubricant 
being supplied to the main bearings under pressure from 
an engine-driven gear-type pump. The cylinder heads 
are separate castings and are fitted with overhead 
valves operated in the normal manner by rocking 
levers and push rods, decompression gear being fitted 
to facilitate starting. A standard monobloc C.A.V. 
fuel-injection pump is fitted in an accessible position 





towards the front of the engine, and fuel filters are 
incorporated in both the suction and delivery sides of 
the pump. In order to prevent overloading of the 
engine, a centrifugal governor and maximum-delivery 
stop is fitted to the injection pump, the governor being 
fitted with a hand speed control, which varies the 
engine revolutions from slow running to the full working 
speed. Cooling of the engine is on the thermo-syphon 
principle with thermostatic control, and, in order to 
comply with flameproof regulations, the exhaust mani- 
fold is cooled in addition to the cylinder heads and 
liners. A single-cylinder air compressor, driven from 
the front of the crankshaft through a flexible coupling, 
supplies compressed air for the braking equipment, the 
air being stored ip a reservoir mounted within the 
frame side-members. 

The drive from the engine is transmitted to the gear- 
box through a flexible disc coupling, there being no 
intermediate clutch as each gear ratio is selected by a 
separate plate clutch within the gearbox. The gearbox 
which is of the constant-mesh type, provides three 
speeds for both forward and reverse directions of travel, 
and the sectional drawing reproduced in Fig. 3, will 
serve to illustrate its method of operation. The 
drive from the engine is transferred to the hollow input 
shaft a through the gear train 6, the hollow input shaft 
being free to rotate about the output shaft c. The 
clutch housing d is integral with the input shaft @ and 
it will be noted that three separate clutch plates are 
incorporated within the clutch housing, the left-hand 
clutch plate e being splined to the output shaft c, 
while the centre clutch plate f and the right-hand clutch 
plate g are carried on hollow shafts extending from the 
gear wheels A and j, respectively. The gear-wheel 
and clutch assembly 7 is free to rotate about the shaft 
of the gear-wheel assembly h, which, in turn, is free to 
rotate about the output shaft c. Situated between the 
two clutch plates f and g, and located by the rods k, is 
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the pressure-ring 1, which is free to move in an axial 
direction, the axial movement being transmitted by 
the levers m working on the end of the rods k. When 
the pressure-ring / is moved to the right, the clutch 
plate g is gripped between the pressure ring and the 
clutch-housing end plate and the drive is transmitted 
to the first-speed gear wheel j, which, in turn, drives the 
output shaft c through the gear cluster n and the 
gear wheel o, which is splined to the output shaft. 
If, however, the pressure-ring | is moved to the left, 
the clutch plate g is freed and the clutch plate f is 
gripped between the pressure ring / and centre plate 
of the clutch housing, resulting in the drive being 
transmitted to the output shaft by the second-speed 
gearwheel h. For top gear, the pressure ring J remains 
in its neutral position and the secondary pressure ring p 
is moved to the left by the levers q, the clutch plate e. 
in consequence, being gripped between the forward 
cover of the clutch housing and the secondary pressure 
ring p. As the clutch plate e is splined to the output 
shaft, there is no gear reduction and direct drive is 
obtained. The levers m which move the first- and 
second-speed pressure ring into position, are actuated by 
the sleeve r, while the levers for top-gear selection are 
actuated by the sleeve s, the sleeves, which are free to 
move independently in an axial direction, rotating with 
the input shaft. The sleeves are, in turn, moved 
along the shaft by the yoked levers ¢, the ends of which 
bear against springs which are compressed by movement 
of the gear-selecting lever in the cab, and it is the pres- 
sure imposed on the levers ¢ by the springs which moves, 
and subsequently holds in position, the sleeves r and . 

The axles of the locomotive, as previously mentioned, 
are driven by sprockets and chains, the driving sprockets 
being fitted to a jack shaft situated in the forward end 
of the gearbox. The jack shaft, marked u in Fig. 3, 
is driven from the output shaft of the gearbox through 
the reduction gearing v and the bevel pinion w, the 
bevel pinion meshing with two bevel wheels, which 
rotate freely, but in opposite directions, on the jack 
shaft. Situated between the two bevel wheels, one of 
which is shown in Fig. 3, where it is marked 2, is a 
dog clutch free to slide in splines formed in the jack 
shaft, which, by engaging with corresponding dogs 
formed in the faces of the bevel wheels, transfers the 
drive to the jack shaft. The direction in which the 
locomotive travels wiil, naturally, depend on the 
bevel wheel in engagement with the dog clutch, which 
is operated by a lever in the driver’s cab. 

The frame of the locomotive is fabricated from 
heavy rolled-steel sections welded together, substantial 
weights being fitted to both ends of the frame in order 
to increase the adhesion. The axle boxes are fixed 
to semi-elliptic springs, the ends of which bear on 
rubbing pads fixed to the underside of the frame. The 
axles are located by means of radius rods, which turn 
about the centre line of the driving sprockets, while 
side movement is limited by plates fitted to the frames 
The radius rods also serve to transmit the driving 
effort from the wheels to the frame. Sanding gear is 
provided, and the equipment includes powerful head- 
lamps, which are connected directly to an engine- 
driven dynamo, there being no battery. The engine, 
however, has to be started by hand, as it has not proved 
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possible to design a flameproof electric starter motor. 
As previously mentioned, the engine is of flameproof 
construction throughout and both the air-inlet and 
exhaust systems are provided with flame traps, which 
work on the principle of the Davey safety lamp. The 
flame traps for the air inlets consist of thin stainless- 
steel annular discs held together by. four bolts. On 
each disc the portions adjacent to the bolt holes are 
0-016 in. thicker than the remainder of the disc, so 
that by bolting a number of discs together a hollow 
cylinder having a series of circumferential slots 0-016 jn. 
wide is formed. The top disc, or cap plate, is solid 
and the assembly is bolted to the air-inlet manifold, 
so that air sucked in by the engine has to pass through 
the circumferential slots and, in the event of the engine 
either backfiring or running in reverse, any flame is 
automatically trapped inside the assembly. 

On the exhaust side of the engine the gases, after 
passing through the water-cooled manifold, are con- 
ducted by the exhaust pipe to an exhaust-gas condi- 
tioner, which can, be seen in Fig. 1, immediately behind 
the driver’s cab. A sectional drawing of the conditioner 
is given in Fig. 2, on page 489, from which it will 
be seen that the base contains water. The exhaust 
gases enter through the horizontal pipe a and pass 
through the slots 6, thus impinging upon the surface 
of the water which cools the gases, washes out the 
major proportion of the aldehydes, and quenches any 
hot particles. The gases then rise and pass through 
two removable filter baskets, which lie side by side, 
only one basket being shown in Fig. 2, in which it is 
lettered c. These baskets contain slag-wool, which is 
kept moist by the evaporation of the water in the base 
of the conditioner, and the area of the filters is sufficient 
to ensure low gas velocity with consequent efficient 
filtering. The gases, after passing through the filters, 

to one side of the conditioner, where they are 
deflected by the baffle plate d downwards into a second- 
ary chamber containing water, upon which the gases 
impinge. The water collects any foreign matter 
carried over from the main compartment and cools the 
gases further before they are passed to the atmosphere 
through the flame trap e, which is bolted to the side of 
the filter box. The flame trap consists of a grills made 
up from flat, stainless-steel plates held 0-016 in. apart, 
the edges of the plates pointing towards the gas flow. 
The filtering medium in the baskets lasts for about 
48 running hours, and the exhaust flame trap will func- 
tion efficiently for the same period, but the authorities 
have imposed the rule that the equipment must be 
inspected every 24 hours. The water capacity is 
sufficient for four hours working without replenishment. 
The flame traps, both for the exhaust and inlet, have 
been designed in such a way that, after dismantling 
for cleaning, they cannot be re-assembled incorrectly. 
It will be noted that with this type of conditioner, 
the exhaust gases are not “bubbled” through the 
water and there is, therefore, no possibility of the 
water being sucked into the engine cylinders should 
the engine, through some mischance, be run in reverse. 
In order to combat the corrosive nature of the water 
in the conditioner, all parts, including the flame-trap, 
are manufactured from austenitic stainless steel. 

An idea of the performance of the locomotive 
can be gained from the following figures which have 
been supplied by the manufacturers. In first gear, 
which gives a speed range of 2 to 4 m.p.h., the maximum 
drawbar pull is 3,060 lb. ; in second gear, a speed range 
of 3} to 64 m.p.h. is obtainable, the maximum drawbar 
pull falling to 1,890 lb., while in top gear the speed 
range is 5 to 10 m.p.h., and the maximum drawbar 
pull 1,180 1b. The maximum load which can be hauled 
depends, naturally, on the rolling resistance of the 
train but, assuming a resistance of 30 lb. a ton, the 
locomotive, when in top gear, can haul 39 tons on the 
level, 16 tons up a gradient of 1 in 75, and 44 tons up 
a gradient of 1 in 25. The corresponding figures for 
working in first gear are 102 tons on the level, 47 tons up 
a gradient of 1 in 75 and 20 tons up a gradient of 1 in 25. 
These figures apply only when the locomotive is working 
on a straight track, and due allowance must be made 
when it is proposed to use it on a track with sharp 
curves. The minimum curve that the locomotive 
will negotiate when hauling a load is of 30 ft. radius, 
but, when running light, the locomotive can negotiate a 
curve of 18 ft. radius. 

The — rave locomotive described above repre- 
sents only one of a range of flame f mining-t 
locomotives manufactured by matey Ruston ina 
Hornsby. Smaller locomotives ranging from 34 tons 
to 6 tons, but of basically similar design, are also made 
by the firm. 





SHEET-STEEL OUTPUT IN GERMANY.—Replying to 
Mr. W. N. Warbey, in the House of Commons on Wed- 
nesday, November 6, the Chancellor of the Duchy of 
Lancaster (Mr. J. Hynd) said that the current rate of 
output of sheet steel in the British Zone of Germany 
was 300,000 tons per annum. The peak-year output 
for the period 1938-45 was 1,150,000 tons. 





INSTITUTION ELECTIONS. 


INSTITUTION OF STRUCTURAL ENGINEERS. 


Associate Member.—Kenneth John Austin, Rick- 
mansworth, Herts; Arthur James Bruce Birkmyer, 
Christchurch, New Zealand ; Frank Bowell, Yarmouth, 
Isle of Wight; William Spencer Bridge, Canberra, 
Australia; Walker Cryer, Doncaster; Dattaram 
Ramchandra Datlvi, Bombay, India; Frederik Gerard 
Denekamp, Cape Town ; Norman Duckworth, Salford ; 
Peter Thomas Dunican, London, S8.W.17; George 
Eades, Brierley Hill, Staffordshire; Chu Ching Gau, 
West Bromwich, Staffordshire ; Homi Ardeshir Gilder, 
Bombay, India; Leonard Gregory, Sheffield ; Patrick 
James Hegarty, Broadstairs, Kent; Joseph Helal, 
Cairo, Egypt; William Thomas Hepplewhite, Johan- 
nesburg, 8S. Africa; Edward Hughes, Ashton Gate, 
Bristol; Alec George Lees, Leicester; Denis Spencer 
Mabin, East London, S. Africa ; John Moore, Glasgow ; 
Hussein Ahmed Osman, Giza, Egypt; Roger William 
Phillips, Middlesbrough; Emmerich Rosenbaum, 
Haifa, Palestine; Frank Royle, Flixton, near Man- 
chester; Frank Spencer Rymer, Margate, Kent; 
Reginald Sanders, Worcester Park, Surrey; Albert 
Charles Silbert, London, 8.W.1; Eric Henry Smith, 
Beckenham, Kent; Eric Cyril Walker Swann, Lough- 
borough, Leicestershire; Thomas Taylor, Johannes- 
burg, S. Africa; Behram Temulji Unwalla, Bombay, 
India. 

Graduate to Associate Member.—David Ian Calder, 
Aberdeen ; Colin Frederick Clarke, Godalming, Surrey ; 
Alistair Downie, Cape Town; George Frederick Eley, 
Derbyshire; John Esmor Fennellow, Darlington ; 
Bernard Jean D’Arcy Harlow, London, S8.E.25; Hugh 
Vincent Morris, Colwyn Bay, Denbighshire ; Alexander 
Orme, London, N.W.7 ; George Henry Puddy, Bromley 
Kent; Kenneth Stimpson, Leicester; Peter Ronald 
Wade, Coulsdon, Surrey; Leonard Edwin Ward, 
Burnham, Bucks. ; Thomas Wilbur Wright, Liverpool ; 
Lev. Zetlin, Tel-Aviv, Palestine. 
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United States Bureau of Mines. Miners’ Circular No. 54. 
Metal-Mine Accident-Prevention Course—Section 4. 
Prevention of Explosives Accidents in Metal Mines. 
No. 55. Metal-Mine Accident-Prevention Course— 
Section 5. Fires, Gases and Ventilation in Metal Mines. 
[Price 20 cents.] Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C., 
U.S.A. 

By Singleness of Purpose. J. Stone and Company, 
Limited, Deptford, London, S.E.14. 

Mechanical Inspection. A Survey of the Underlying 
Principles and Practical Aspects of Mechanical Inspec- 
tion, with Special Reference to Precision Engineering. 
By Proressor H. F. TREWMAN. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 15s. net.] 

Department of Mines and Resources, Canada. Surveys 
and Engineering Branch. Water Resources Paper 
No. 89. Surface Water Supply of Canada. St. Lawrence 
and Southern Hudson Bay Drainage. Ontario and 
Quebec. Climatic Years 1939-40 and 1940-41. The 
Controller, Dominion Water and Power Bureau, 
Department of Mines and Resources, Ottawa, Canada. 
{Price 1 dol.) 

Ministry of Supply, Admiralty, and Ministry of Aircraft 
Production. Rubber in Engineering. Second edition, 
revised. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 10s. net.] 

Practical Designs for Drilling, Milling, and Tapping 
Tools. By C. W. HINMAN. Second edition. McGraw- 
Hill Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 4.50 dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 22s. 6d.) . 

Mitteilungen aus dem Institut fiir Hydraulik und Hydrau- 
lische Maschinen an der Eidgenéssischen Technischen 
Hochschule in Ziirich. No.2. Der Einfluss der Schau- 
felzahl des Laufrades auf den Wirkungsgrad bei Kreisel- 
radmaschinen (Uberdrucklaufrdder). By DR. MOHAMED 
IzzEDIN Hassan. A.G. Gebr. Leemann & Co., Stocker- 
strasse 64, Ziirich 2. [Price 7.50 Swiss francs.] 

4-8-2 Class “‘15F'” Locomotives for the South African 
Railways. ‘“‘ The Railway Gazette ”’ Offices, 33, Tothill- 
street, Westminster, London, 8S.W.1. [Price 2s.] 

The Admiralty Ship Welding Committee. Report No. R.1. 
Report on Hogging and Sagging Tests on All-Welded 
Tanker M.V. “‘ Neverita.”” H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 7s. 6d. net.] 

Annual Report (Technical) of the Central Board of Irri- 
gation, India, for 1945. Publication No. 35. Edited 
by N. D. GuLHatTi, Secretary. Offices of the Board, 
Kennedy House, Simla, S.W., India. 

Guide to Juvenile Employment on the Main Line Railways. 
Issued by the Railways Staff Conference on Behalf of 
the G.W., L.M.S., L.N.E., and Southern Railways. 
The Secretary, Railways Staff Conference, L.M.S. 
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PERSONAL. 


MAJOR-GENERAL A. W. SPROULL, O.B.E., A.O.G.1,, 
B.Sc. (Eng.), M.I.Mech.E., M.I.E.E., has accepted the 
invitation of the Council to become President of the 
Junior Institution of Engineers, 39, Victoria-street, 
Westminster, London, S.W.1, for next session, that for 
1946-47. 

Mr. A. B. Cauty, of Liverpool, chairman of the ship. 
owners’ side of the National Maritime Board since 1934, 
has now retired and Mr. Bast, SANDERSON, who is chair- 
man of the Shipping Federation, has been appointed his 
successor. 

Dr. H. BuckineuaM, head of the Electrical Engineer. 
ing Department of Barnsley Technical College, has been 
appointed head of the Department of Electrical Engineer- 
ing at Bradford Technical College, in succession to Mr. 
W. H. N. JAMEs, who is retiring. 

Dr. W. Ipris Jongs, director of research with Powel] 
Duffryn Associated Collieries, Limited, has been ap- 
pointed director-general of research to the Nationa! Coal 
Board. 

Mr. F. 8S. Mirman has relinquished the position of 
managing director of the Brush Electrical Engineering 
Company, Limited, and has been succeeded by Mr. 
ALAN P. Goon. 

Mr. W. E. ASHLEY, Mr. J. B. BLAKEBOROUGH, Mr. 
W. R. BLAKEBOROUGH and Mr. F. A. KLOUMAN, who 
have held executive positions with Messrs. J. Blake- 
borough and Sons, Limited, Brighouse, for some years, 
have been elected directors of the firm. 

The Colonial Office announces that MR. JAMES Cross, 


M.Inst.C.E., has been appointed Deputy Harbour 
Engineer, Colombo Port Commission, Ceylon; Major 
K. W. Harrison, A.M.I.E.E., an assistant engineer, 


Kenya-Uganda and Tanganyika Posts and Telegraphs 
Administration; and Capratin DovGLas BOND, B.Sc. 
(Eng.), an assistant engineer, Public Works Department, 
Uganda. 

Dr. J. V. N. Dorr, Mr. T. K. PRENTICE, BRIGADIER 
R. 8S. G. STOKES, C.B.E., D.S.0., M.C., PROFESSOR 8S. J 
Truscotr and Mr. J. ALLAN WoOopDBURN, all of whom 
are members of the Institution of Mining and Metallurgy, 
have been elected Honorary Life Members of the Chemical, 
Metallurgical and Mining Society of South Africa. 

MESSRS. MANCHESTER OIL REFINERY, LIMITED, Ade- 
laide House, London Bridge, London, E.C.4, announce 
that certain staff appointments, within the company. 
have been adjusted as follows: general manager, Mk. 
E. J. DuNSTAN, M.Sc., F.Inst.Pet.; refinery manager, 
Mr. J. C. Woop-MaLLock, F.Inst.Pet., M.1I.GasF. ; 
secretary, Mr. H.L. Morris. The managing directors of 
the company are Dr. F. Krinp, M.Inst.Pet., and Dr. 
G. TUGENDHAT, M.Sc. (Econ.) (Lond.). 

The United Kingdom delegation to the third meeting 
of the RUBBER Stupy Group, to be held at The Hague 
on November 25, is to include representatives of the 
Board of Trade, Colonial Office, Foreign Office, and the 
following non-official members representing the rubber 
industry, SIR GEORGE BEHARRELL, MR. ERIC MILLER, 
Mr. W. J. C..RICHARDS and SiR WALROND SINCLAIR 

Mr. L. H. Hicks is the new manager of the Europe 
and Near East division of the Dunlop Rubber Company, 
Limited. He succeeds Mr. F. C. COPELAND, who has 
become assistant to the director of overseas sales. MR. 
A. F. ANDERSON has been appointed manager, overseas 
sales development, in place of Mr. H. C. CHAPMAN, who 
is going out to New Zealand as sales director. Mr. W.H. 
MEADOWS, overseas shipping manager, has become over- 
seas operating manager at Fort Dunlop. 

Messrs. Davip BROWN AND Sons (HUDDERSFIELD), 
LimirepD, Huddersfield, have announced that their 
branch works and foundries at Penistone will now be 
known as THE DAVID BROWN FOUNDRIES COMPANY ; the 
tool division of their main works at Huddersfield as THE 
Davip BROwN Too, CoMPANY ; and Messrs. C. J. Fitz- 
patrick and Company, Limited, London, acquired six 
years ago and completely reorganised, as DAVID BROWN 
GEAR (LONDON), LIMITED. 

The Board of Trade announce that the address of 
H.M. TRADE COMMISSIONER AT CaLcuTTA is now P.O. 
Box 683, Hindustani Building, 4, Chittranjan-avenue, 
Calcutta. (Telegrams: Tradcom Calcutta.) 





BOILER-FEED V-NOTCH METERS.—We have received 
from The Lea Recorder Company, Limited, Cornbrook 
Park-road, Manchester, 15, a publication entitled ‘‘ Book- 
let M.1.A,” describing the application of their V-notch 
meters to boiler-feed plant. The meter is equipped with 
a@ counter for reading the total quantity passed, a rate 
of flow indicator reading in Ib. per hour, and a recorder. 
The meter has a compensating device for use when hot 
wateris to be measured, and a guaranteed accuracy within 
1:5 per cent. over a temperature variation range of 
25 deg. F. above or below normal temperature. Copies 
of the booklet may be obtained from the firm; Its 
number being quoted in the application 
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Nov. 22, 1946. 


NOTES FROM THE NORTH. 

GLascow, Wednesday. 
Scottish Steel.—The output of steel is 6,000 to 8,000 tons 
below capacity owing to arrears of repairs to furnaces. 
The demand for sheets is extremely heavy, anc fresh 
orders are difficult to place under six or eight months’ 
delivery. Plate makers are also heavily overtaxed, and 
have had to tighten up their programme of delivery to 
ensure that their regular customers, such as the shipyards 
and power-plant producers, are not without steel plates. 
sections and bars are not quite so far behind as plates, 
but there is not the steady flow that makers would like 
to see owing to the restricting effect, on smelting, of the 
recent strike. Re-rollers are still getting reasonably 
good deliveries of semies, which, together with a steady 
supply of discard and other scrap material, is enabling 
re-rollers to keep pace with their programmes. Most 
have about three months work on hand. Tube makers 
are working to full capacity. Messrs. Babcock and 
Wilcox have booked a large order for six boiler units, 
with ancillary plant, for the Bamborough power station ; 
the order is valued at over 2,500,000. 

Scottish Pig Iron.—Pig-iron production is proceeding 
steadily and the demand for basic is notably strong. 
This week, Messrs. William Dixon, Limited, are busily 
making preparations to blow in three of four furnaces 
that have been idle since April, 1943, at which time they 
were closed down by Government order. There is no 
official information about this development, but there is 
little doubt that the firm are making a strong effort to 
have the furnaces restarted as quickly as possible. In 
view of the shortage of good steel scrap, any accession of 
pig-iron will be welcomed. 

Scottish Coal.—Outputs have been maintained at the 
higher level reached during October, and deliveries are 
»till proceeding satisfactorily. In October, despite a fall 
in man-power of over 1,000 men since October, 1945, 
output rose by 79,600 tons to 1,829,800 tons, the output 
per man-shift recovering a full hundredweight to 21 -4 
cwt. Unofficial stoppages have subsided again this week, 
and voluntary absenteeism is slightly less, so that most 
collieries have managed to carry out their allocations. 
Industrial supplies are necessarily limited by the higher 
priority of public-utility undertakings and the household 
scheme, and although industrial reserves are not yet 
being touched, current receipts are very near the rate of 
consumption, so that the winter prospect is causing a 
good deal of anxiety. : 





NOTES FROM THE SOUTH-WEST. 
CaRpDIFF, Wednesday. 


The Welsh Coal Trade.—As deliveries under the month’s 
allocations, amounting to only 7,000 tons of coke breeze, 
for November, have been completed, export business on 
the Welsh steam-coal market was impossible last week. 
Home demand is likely to remain at its peak level, so 
that the prospects for shipments seem poor for some 
months to come, and it is not expected that the December 
allocations will show any expansion; some doubts are 
entertained regarding the maintenance of even the low 
level of November. The bunker trade has been busy. 
The demand from the Mersey, which has been prevented 
from drawing supplies from the Midlands because of 
extensive repairs to a railway tunnel, has remained at a 
high level and some large coptracts have been entered 
into. Welsh coals were available at Liverpool at 70s. 6d. 
per ton f.o.b. The same qualities are being supplied at 
the local ports at between 48s. and 49s. per ton f.o.b. 
Several ships have been diverted to South Wales 
to obtain supplies. Mr. Arthur Horner, recently 
appointed secretary of the National Union of Mine- 
workers, has been succeeded in the position of 
President of the South Wales area of the Union by 
Mr. Alfred Davies, who had been vice-president for some 
years. The demand from inland sources on the Welsh 
steam-coal market was very heavy during the past week, 
and salesmen could handle very little business for delivery 
over the next month or two. The most important con- 
sumers hold substantial contracts and the domestic 
demand is at its peak. Supplies of patent fuel and cokes 
are difficult to arrange as most producers have sold 
practically the whole of their potential outputs for some 
months to come. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange, states 
that, last week, there was renewed activity in the tin- 
plate industry. Home consumers placed more orders, 
the tonnage of which was in excess of the increased 
weekly production. The export market was, if anything, 
quieter, as makers could only spare meagre quantities. 
The extraordinarily strong demand for steel sheets con- 
tinues unabated and it is increasingly difficult to do 
business. The iron and steel scrap market remains on 
the quiet side, but there are signs of improvement. The 
prices of iron and steel products are unchanged. Maxi- 
mum prices of non-ferrous metals are controlled, that 
of tin being 3821. a ton, delivered. 
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NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Iron and Steel.—Local brands of pig-iron are in good 
supply, and there is a fairly satisfactory delivery of 
hematite irons. Scarcity of steel is chiefly confined to 
high-carbon sheets and bars, the demand for which, in 
the agricultural and other steel departments, has exceeded 
production. Imports from the United States are needed 
to rectify the supply position. High costs of production, 
due to dearer coal, gas, electricity and many materials, 
and high wages, cannot be offset by higher charges for 
finished steel] and engineering products, owing to price 
controls, which, it is strongly urged, should be relaxed. 
Many manufacturers complain that production per man 
is much less than it was in pre-war days and in wartime. 
Conversion of steel furnaces to the use of fuel oil is 
proceeding. The United Steel Companies have com- 
pleted the conversion of two furnaces at their Temple- 
borough Works, and have arranged to convert the rest 
of the plant if the coal shortage becomes more acute and 
sufficient fuel oil is available. 


South Y orkshire Coal Trade.—F urther use of house-coal 
qualities for industrial and other purposes have not 
greatly augmented the short reserves at steel and engi- 
neering works, some of which have had to restrict outputs 
owing to insufficient fuel. Coal production is being 
steadily maintained, but distribution has been retarded 
by a shortage of wagons at the screens, partly due to bad 
weather interfering with the movement of trains. The 
coking coal reaching the coke-ovens is insufficient to 
enable them to work continuously at full heats; coke is 
in increasing request for industrial and household pur- 
poses. Severe restrictions upon exports of coal and coke 
are enforced. Bunkers are in steady request. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The demand for iron and steel 
continues much in excess of the supply, but the makers’ 
efforts to increase outputs are being impeded by scarcity 
of fuel and shortage of skilled labour. Imports of high- 
grade foreign ore are on a satisfactory scale, but concern 
is felt at the continued shrinkage in the output of Cleve- 
land ironstone due to lack of manpower. Delays in 
delivery of much needed supplies of many descriptions 
of material are attributed to difficulties in rail transport. 
The available tonnage of pig iron, though supplemented 
by heavy deliveries of scrap, barely covers requirements. 

Foundry and Basic Iron.—No foundry pig is provided 
by any of the 26 blast-furnaces in operation in the 
Middlesbrough area, and users of high-phosphorus iron 
are wholly dependent on regular deliveries from other 
producing centres. Substantial parcels of Midland 
brands are reaching North-East Coast foundries, but 
makers of light castings would welcome much greater 
supplies. » 

Hematite, Low-Phosphorus and Refined Iron.—Mer- 
chants are still unable to obtain export licences to enable 
them to supply the large requirements of overseas hema- 
tite buyers, but deliveries for home purposes are main- 
tained on a satisfactory scale. Outputs of low- and 

di phosphorus grades of iron are weil taken up. 
All surplus quantities of refined iron have been sold since 
the ban on export was raised and makers report a steady 
demand for the present production. 

Manufactured Iron and Steel.—Manufacturers of semi- 
finished and finished iron have good orders and are deal- 
ing efficiently with the contracts in hand, but steel pro- 
ducers cannot cope with the heavy and increasing demand 
for larger supplies. The tonnage of steel semies is still 
insufficient for the heavy requirements of the re-rolling 
mills. This is particularly disturbing as a material 
expansion in the output of home products seems unlikely 
and the prospects of an increase in imports from the 
United States are not encouraging. Finished-steel firms 
have orders which will ensure great activity for some 
months and are disinclined to undertake new business 
even for remote delivery dates. The output of sheets is 
fully sold up to the end of June next, and plate producers 
are experiencing difficulty in fulfilling their delivery 
obligations. Makers of heavy sections, rails and all rail- 
way requisites are busily occupied on extensive running 
contracts, and firms supplying pit props, arches, roofings 
and other colliery equipment, have well filled order books. 

Scrap.—The continued brisk demand for the better 
grades of iron and steel scrap is being met by ample 
supplies. 








HYDRAULIC TEsT Pumps.—We have received from 
Messrs. Tangyes Limited, Cornwall Works, Smethwick, 
Birmingham, a new publication, No. 603, describing and 
illustrating three types of their hydraulic test pumps, the 
total pressure range covered being from 200 Ib. to 5 tons 
per square inch. All the types are hand operated and 
two of them can be obtained in either the single-acting 





or double-acting pattern. 





4gt 
NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 25, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “‘ The Heat Pump,” to be opened by Mr. 
J. A. Summer. South Midland Centre: Monday, 
November 25, 6 p.m., University, Edmund-street, 
Birmingham. “ Summary of Radiolocation Convention 
Papers, 1946,” by Dr. R. A. Smith. North-Eastern 
Centre: Monday, November 25, 6.15 p.m., Neville Hall, 
Newcastle-upon-Tyne. “ Rural Electrification and the 
Single-Phase System,’’ by Messrs. J. S. Pickles and 
W. H. Wills. Radio Section: Tuesday, November 26, 
5.30 p.m., Victoria-embankment, W.C.2. ‘‘ Require- 
ments of Television Picture Sizes,’ to be opened by Mr. 
D. C. Birkinshaw. North-Western Centre: Tuesday, 
November 26, 6 p.m., Engineers’ Club, Manchester. 
“ Post-War Electrical Engineering Industry,” by Messrs. 
G. L. E. Metz and R.L Davies. Scottish Centre: Wed- 
nesday, November 27, 6 p.m., Heriot-Watt College, 
Edinburgh. ‘“‘ Theory of Servo Systems,” by Dr. A. L. 
Whiteley. 

INSTITUTION OF PRODUCTION ENGINEERS.—Halifar 
Section: Monday, November 25, 7 p.m., White Swan 
Hotel, Halifax. “ Welding versus Casting and Riveted 
Structures,” by Mr. J.G. Noble. North-Eastern Counties 
Section: Tuesday, November 26, 6.30 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘“‘Capstan and Turret Lathe 
Tooling,”’ by Mr. C. Pearson-Smith. 


INSTITUTION OF CIVIL ENGINEERS.— Tuesday, Novem- 
ber 26, 5.30 p.m., Great George-street, S.W.1. “‘ Widening 
of No. 10 Dock, H.M. Dockyard, Devonport,” by Mr. 
D. H. Little. Birmingham Association: Wednesday. 
November 27, 7 p.m., Loughborough College, Lough- 
borough. ‘“‘ Ladybower Reservoir,” by Mr. R. W. 8. 
Thompson. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 
ham Centre: Tuesday, November 26, 6.30 p.m., James 
Watt Institute, Birmingham. “ Design of Braking 
Systems,” by Mr. F. A. 8S. Acres. Also at the Manchester 
Centre : Wednesday, November 27, 7.15 p.m., Engineers’ 
Club, Manchester. Bristol Graduates’ Section : Thursday, 
November 28, 7.30 p.m., Tramways Repair Works. 
Lawrence Hill, Bristol. ‘‘ Automobile Electrical Equip- 
ment,” by Mr. C. A. Boothroyd. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Scottish Branch: Tuesday, November 26, 
7.30 p.m., 39, Elmbank-crescent, Glasgow. Film : 
“ Steam.” 

Royal UNITED SERVICE INSTITUTION.— Wednesday, 
November 27, 3 p.m., Whitehall, S.W.1. ‘“‘ Final Offen- 
sive in Italy,” by Sir Richard L. McCreery. 

Royal Society OF ARTS.—Wednesday, November 27. 
5 p.m., John Adam-street, W.C.2. ‘“‘ The Documentary 
Film,” by Sir Stephen Tallents. 

INSTITUTE OF WELDING.—Wednesday, November 27, 
6 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘“‘ Radiographs of M.S. Butt Welds,” by 
Messrs. E. Fuchs, L. Mullins and 8. H. Smith. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, November 27, 7.15 p.m., James 
Watt Institute, Birmingham. ‘‘ Education and Training 
in the Foundry,” by Mr. J. B. Longmuir. London 
Branch: Wednesday, November 27, 7.30 p.m., Waldorf 
Hotel, Aldwych, W.C.2. “The Aluminium Sand Foun- 
dry,” by Mr. E. Raybould. 

INSTITUTE OF FUEL.—North-Western Section: Thurs- 
day, November 28, 2.30 p.m., Radiant House, Bold- 
street, Liverpool. Discussion on “ Domestic Fuel 
Efficiency.” 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 28, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“‘ Military Bridging,” by Lieut.-Col. S. A. Stewart. 


Royal STATISTICAL SocreTy.—Industrial Applications . 
Sheffield Group : Thursday, November 28, 6.30 p.m., The 
University, Sheffield. “ Efficiency of 100 per cent. 
Inspection,” by Mr. D. Newman. 


INSTITUTION OF MECHANICAL ENGINEERS.—¥ orkshire 
Branch: Thursday, November 28, 7 p.m., Technical 
College, Huddersfield. ‘“‘ Stress Analysis by Polarised 
Light,” by Dr. J. Ward. Institution: Friday, Novem- 
ber 29, 5.30 p.m., Storey’s-gate, S.W.1. Meeting with 
ROYAL AERONAUTICAL Society. ‘“‘ Aircraft Propulsion.” 
by Messrs. F. M. Green and J. E. Wallington. 

NorRTH-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, November 29, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘ Admiralty Floating 
Docks: Construction During 1939-1945,” by Mr. F. 
Hickey. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem - 





ber 29, 6.30 p.m., 39, Victoria-street, S.W.1. “‘ The 
Trend of Patent Law,” by Mr. G. W. Tookey. 
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FIRE-FIGHTING TRIALS ON MAGNESIUM-BASE 


(For Description, see page 481.) 
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Fie. 15. Triau IX: Ianrrmnae Free rn Steet ContrarNer. 














Fig. 18. Trt IX: Fire ExtinavisHep Arter 5 Min. 








Fic. 16. Trian IX: First Apprication oF Water From DirrvuseEr, Fie. 17. Trrat 1X: Contarner Emrrrine STEAM AND SMOKE. 





Fie. 19. Trrat IX: Castinas, Erc., Recoverep From Fire, 


WaR ACTIVITIES OF RANSOMES, SIMS AND JEFFERIES, | Second World War.” The booklet is copiously illustrated | machinery and electric industrial trucks, these products 
LimiTreD.—Another interesting record of the war activi- | and shows that, in addition to the production of machine | being of great importance to the war effort. 
ties of British engineering firms has been published by | tools, the firm was engaged on a great variety of arma- | the firm’s geographical position, that section of the bosk- 
Messrs. Ransomes, Sims and Jefferies, Limited, Orwell | ment work all without affecting its normal output of | let relating to the air-raid precautions necessary is of 
Works, Ipswich, under the title “‘ Ransomes and the! ploughs and other agricultural implements, threshing | particular interest. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 
All editorial correspondence should be addressed 


to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2, 








SUBSCRIPTIONS. 


The price per copy of “ ENGINEERING ” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. At the same time, the 
edition printed on thin paper for foreign circu- 
lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 


Twelve months, including postage, for the 
United Kingdom and abroad £4 10s. 0d. 
and pro rata for six or three months. 


Canada, for twelve months, £4 5s. 0d. 


All current subscription orders will be com- 
pleted at the old rates. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8e. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch, 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS, 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to at wees 
proofs for approval. 

The Proprietors will not hold themselves res ible 
for advertisers’ blocks left in their possession for more 
than two years, 
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THE ‘‘*CLOSED SHOP.’’ 


Tue debate in the House of Commons on the 
principle of the “‘ closed shop,” which developed on 
November 12 as part of the resumed debate on the 
Address to the Throne, was even more notable for 
the fact that one of the most powerful speeches 
against that principle was delivered by a trade 
unionist, Mr. W. J. Brown, Member for Rugby, 
than for the unconvincing Government reply and 
the dutiful response of the Government’s supporters. 
Thus, for the moment, the subject (like the shop) is 
closed; but it may be questioned whether any 
Member of the House—least of all those who, by 
virtue of their trade union associations, may be 
supposed to have some inkling of the possible future 
developments—seriously believes that the last has 
been heard of it. Only a few examples were adduced 
of the operation of the closed shop principle as it is 
affecting individuals, but no one ventured to suggest 
that these were isolated instances; or that the 
thousands of trade unionists who now feel them- 
selves to be marked down for absorption or extinc- 
tion by the big unions, and the millions more work- 
ing men and women who are not trade unionists, 
have no call to be disturbed by the trend of events. 

The debate originated in a motion by Mr. Frank 
Byers, the Member for the Northern Division of 
Dorset, to add to the original motion for the Address 
an expression of “‘ regret that the Gracious Speech 
contains no reference to the threat to the personal 
liberty of workers, members and non-members of 
trade unions by the enforcement of the closed shop 
in industry nor gives any indication of the policy 
of His Majesty’s Government in this grave constitu- 
tional matter.” There were two .aspects of the 
closed shop, Mr. Byers said ; firstly, there was the 
refusal of union members to work with those who 
were not members of a union, and, secondly, there 
were the demands now being made by the larger 
unions to have a monopoly of membership in a given 
field. He owned to some sympathy with the view 
that those who benefited by union negotiations for 
improved conditions should pay the union dues, 
though he suggested that voluntary membership was 
better than conscripted membership and questioned 
whether a small number of non-members could do 
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much harm at the present time. He regarded 100 
per cent. union membership as a legitimate aim, but 
maintained that it must be achieved by persuasion, 
attraction and inducement, and not by compulsion. 
As soon as compulsion or the threat of compulsion 
was exercised, trade-union membership became a 
condition of employment; and that, in some 
instances, became a battle between the individual 
and the trade-union official. The non-union man 
who could not get into a union lost his job. The 
union member who lost his membership also lost 
his job, and possibly his livelihood. 

Mr. Byers then cited the case of an ex-Service 
man employed by the Fulham Corporation elec- 
tricity department as a substation attendant. 
Being told, after the repeal of the Trades Disputes 
Act, that he must join a union, he applied to the 
Municipal and General Workers’ Union, but was 
recommended to seek admission to the Electrical 
Trade Union, which declined his application. The 
Municipal and General Workers’ Union were pre- 
pared to admit him, but the Electrical Trade Union 
brought pressure to bear and prevented his accept- 
ance. As neither would admit him, and the Fulham 
Council had resolved that all their employees must 
be union members, he was dismissed from his post, 
though it was agreed that no fault was to be found 
with his work. There was no right of appeal, Mr. 
Byers pointed out, against a refusal to accept a man 
as a member of a union; moreover, a union could 
withdraw a man’s membership card, and Parliament 
could not intervene. This, he contended, was a 
grave constitutional issue. He urged that a Royal 
Commission should be appointed “to examine the 
closed shop in relation to our modern economic and 
industrial life’ and to “see what can be done to 
guarantee prosperity for the unions while safe- 
guarding the liberty of the individual and the rights 
of minorities.” 

Mr. W. J. Brown, who seconded the amendment, 
said that, as a trade unionist of some 30 years’ 
standing, he had ‘‘no use whatever for the non- 
unionist,” who was a fool to himself, a liability to 
his workmates, and might become the tool of bad 
employers. Nor, he added, was he in favour of 
“* break-away ”’ unions, although he was in favour of 
preserving the right to break away. He supported 
the amendment on exclusively trade-union grounds, 
because he felt that the closed shop was a bad thing 
for Britain and for the trade-union movement. 
“*T hold that it is bad,”’ he said, “ first, because it 
promotes unhealthy trade-unionism; secondly, 
because it promotes slack trade-unionism ; and, 
thirdly, because it can conceivably promote corrupt 
trade-unionism.”’ The moral authority of a leader 
of a trade union rested on the fact that he was 
voluntarily chosen by free men to represent them ; 
as soon as the element of conscription was introduced 
into membership of a trade union, the moral 
authority deriving from free selection of leaders by 
free men disappeared. 

The closed shop made for slack trade-unionism, 
Mr. Brown continued, and if it became established 
in Britain, ‘“‘the glory would have departed.” 
There was no law which exempted trade unions from 
the operation of the influences which affected human 
society in general, and the one way to ensure slack 
trade-unionism was to remove, not merely com- 
petition, but every possibility of competition. It 
might be maintained that such slackness could be 
remedied from within, and the leadership changed 
from within; but, the larger a union became, the 
more difficult it became to compel, from within, 
changes in tempo, tactics or leadership. In the big 
unions, with memberships of a million or more, the 
only appeal for members was to the periodical con- 
ference, the proceedings of which were governed by 
the card vote—ostensibly a democratic thing, 
though it could be ‘‘ the most undemocratic thing 
under Heaven.”’ The danger that the closed-shop 
principle might lead to corrupt trade-unionism was 
evident in the United States, where that principle 
operated most freely ; the General Council of the 
Trades Union Congress had stated, at Brighton, that 
they did not like the closed shop ‘in the American 
sense.” They went on, however, having repudiated 
it ‘‘in the American sense,” to approve its applica- 
tion in relation to non-unionists, to members of 
“‘ break-away ” unions, and to member of unions not 
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was leading in principle to a close imitation of the 
Nazi “ Labour Front ” or the Fascist corporations 
of Italy. He concluded by supporting the request 
for a Royal Commission. 

Mr. S. Awbery, the Member for the Central 
Division of Bristol, who followed, discussed at 
length the dispute between the two unions con- 
cerned in the case of the London Passenger Trans- 
port Board and maintained that, in a public-utility 
service especially, it was essential that one union 
should be paramount. Sir David Maxwell Fyfe 
(West Derby) said that he had thought, until Mr. 
Awbery spoke, that there was general consent to 
two broad propositions : namely, ** that an establish- 
ment in which only members of a particular union 
can be employed to the exclusion of other unions 
is alien to British trade-union practice and theory, 
and that one must never consent to the recognition 
of an exclusive right to organise by one union where 
other unions have built up their organisation side 
by side with it”—adding that he quoted this 
verbatim from a statement by the T.U.C. Various 
other speakers, from both sides of the House, took 
part in the discussion, the general trend of their 
remarks, irrespective of their political allegiances, 
being to confirm the view that the policy of the 
closed shop was in active being; and that “the 
fears of victimisation, intimidation and prevention 
of the operation of conscience,’’ which the present 
Minister of Labour (Mr. G. A. Isaacs) said, in speak- 
ing on the third reading of the Bill to repeal the 
Trades Disputes Act, “‘ would not be realised as a 
result of any action by the trade unions,” appear in 
present circumstances to be understandable fears. 

Mr. Isaacs, replying to the debate on behalf of 
the Government, declined to discuss the suggestion 
for a Royal Commission on the ground that it was 
not part of the original amendment. Having done 
so, however, he proceeded to make certain state- 
ments which, to say the least, hardly answered 
the objections raised. Referring to Mr. Byers’s 
observation that it was not the idea of 100 per cent. 
trade unionism which he disliked, but the compul- 
sion employed by trade-union officials, Mr. Isaacs 
assured the House that “it is not the trade-union 
official who makes a fuss about the non-union man, 
but the other workmen in the shop ”’ and, regarding 
the mining industry, mentioned by Sir David 
Maxwell Fyfe, that ‘‘ no official of the Mineworkers’ 
Union will have the right to say that a man shall 
or shall not work . . .” “People who want 
membership of a trade union . . . must make a 
personal appearance before the local committee 
and the local committee decides whether they shall 
or shall not come in...” ‘To say that union 
officials can prevent men from getting a card makes 
it look as if these unions are in being to prevent 
people coming in, but that is not the case at all.” 
He also made the interesting admission that the 
granting of a card (and, presumably, the subsequent 
retention of it) “in the days of the craft unions, 
obviously depended upon whether they were good 
craftsmen ; in the days of the general unions, it 
depends upon whether they are prepared to say 
that they will observe the rules and constitution 
of the union.” Another remark of interest, which 
hardly seems to square with the course of events, 
was that ‘It is laid down by the Trades Union 
Congress that there shall not be a complete and 
absolute right of recognition in any industry to 
any one union ” (Hansard reports this as “to any 
one industry,” but this is evidently a slip). The 
Government policy, said Mr. Isaacs, was to trust 
industry to find its own agreements, by which it 
could work with the least possible disruption ; it 
was not the duty of the Government to insist that 
any particular union should be called into consulta- 
tion. The House than divided on the amendment, 
which was lost by 316 votes to 155; a result that 
was practically inevitable, but which, it must have 
been generally realised, and by none more clearly 
than the Minister, owed little to the logic or persua- 
sive eloquence of the Government reply. The closed 
shop, like inflation, is here, in a particularly objec- 
tionable form ; and Mr. T. Williamson, the Member 
for Brigg, was batting on a safe wicket in warning 
the House and the country that the last had not 
been heard of it. 





affiliated to the T.U.C. That, Mr. Brown declared, 





FR SARE SESS. 


THE CONTROL OF 
DANGEROUS MACHINERY. 


. ELECTRICAL engineers often complain that the 
operating risks attendant on the use of the equip- 
ment for which they are responsible are exaggerated, 
and point out that each year more fatalities are 
caused by simple falls than by shock or burns. 
They might, however, point out also that enough 
credit is not given to their efforts to achieve greater 
safety, and that the success of these efforts is shown 
by the reduction in fatal electrical accidents from 
25 to two between 1937 and 1944, and a decrease in 
lift accidents by two thirds during the same period, 
in spite of the greatly increased use of electrical 
equipment. On the other hand, those who hold the 
opposite view can point with some justice to the 
mass of regulations which relate to the use of elec- 
tricity in industry and to those other collections of 
rules which, though not mandatory, assume, at 
least by inference, that caution is desirable in 
the installation and employment of electrical appa- 
ratus. They may be fortified, on the grounds that 
there is no smoke without fire, by the frankness with 
which electrical engineers, like doctors, discuss 
their failures; and are constantly producing new 
devices, the object of which is to secure still greater 
safety. 

In examining this question, it must not be 
forgotten that the predominant factor in accidents 
is the human element. Carelessness, combined 
with physical disability, is the primary cause of 
falls. Carelessness, too, is the main cause of 
electrical accidents. Where electrical equipment 
is used (and this is, of course, true of much other 
machinery), there comes a point when protection 
must be given not only against carelessness but 
also inherent risks; in other words, the designer 
must provide means for protecting the operator not 
only from his own carelessness, but from the conse- 
quences of electrical and mechanical failure (both 
when the plant is new and when it has been in use 
for some time), and from ingenious but misguided 
efforts to defeat the working of the safety devices. 
These tasks naturally increase in difficulty as 
electrical equipment becomes more complex and 
more widely used. 


The paper on “ Electrical Control of Dangerous 
Machinery and Processes,” which was read before 
the Installations Section of the Institution of 
Electrical Engineers by Mr. W. Fordham Cooper, on 
Thursday, November 14, is therefore to be welcomed, 
not as an indictment but as an illustration of the 
kind of problems which must be faced in the struggle 
for greater safety. It is made more valuable from 
the fact that it calls attention to matters which, 
being small, are liable to escape notice, but, never- 
theless, may be important factors in the situation. 
In this connection, there are a number of general 
principles which should be applied. The most 
important of these is that the equipment should 
“* fail for safety,” that is, if any safety device does 
not act or conditions arise which would render the 
machine dangerous, the plant should automatically 
be brought to rest. The well-known “dead man’s 
handle ”’ is, of course, a well-known example of such 
a device, though it has many variants. 

The risks, Mr. Fordham Cooper considers, can be 
classified under the categories of inadvertent start- 
ing, which may endanger the life or limbs of the 
operator ; the failure of machines to stop when they 
ought to do so; and excessive speed and over- 
driving, such as may, for example, cause the bursting 
of grinding wheels. Unauthorised access to danger 
areas, such as electric cable-testing cubicles, or 
shops where magnesium grinding is being carried 
out, must also be prevented; and the failure or 
inadequacy of the safety devices themselves must 
be guarded against. The general weaknesses in 
design or installation that lead to such risks 
include excessive back-lash. For instance, the 
handles of some ironclad switch-and-fuse units 
can be placed in what is apparently the “off” 
position although the contacts are actually closed. 
This is due to the fact that the initial movement 
of the handle compresses or extends a spring, thus 
giving a quick break when the contacts separate. 
There is, however, a dead-centre position in which 
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the handle is in unstable equilibrium and this jg 
sometimes so near to the open position that it cannot 
easily be distinguished from it. The dangers of 
such a design in providing false security will be 
obvious, especially as they tend to increase as the 
springs weaken and the contacts become pitted. 

Isolation is another general question to which, as 
Mr. Fordham Cooper rightly points out, increasing 
attention must be paid. Good practice demands 
that each unit shall be isolated separately, even if 
that gives rise to a certain amount of complication, 
The lay-out of grouped control systems, sequence. 
starting equipment and large automatic panels, 
should therefore be carefully reviewed at the design 
stage; and in particular the presence of “sneak 
currents,” when automatic equipment and inter. 
locking circuits are employed, should be taken into 
account. A concomitant to interlocking is the 
prevention of access to danger areas or to moving 
machines. For this purpose it is essential to ensure 
that the doors cannot be opened or the guards 
removed until the machines have stopped or been 
rendered safe; and that restarting cannot occur 
until the guards have been replaced and the doors 
relocked. These requirements are better fulfilled by 
mechanical than by electrical interlocking, for the 
reason that the latter can be defeated too easily |, 
disconnection or short-circuiting. 

Mr. Fordham Cooper illustrates the need for the 
adoption of these principles by giving a number of 
examples of how disregard of them has led to 
accidents of a more or less serious character. These 
accidents involved motor-control gear, control and 
emergency circuits, interlocking guards and over- 
travel and speed-limiting devices. Dealing with 
control on emergency circuits, he points out that 
designers are frequently unaware of the circum- 
stances in which the equipment may be used, 
and tend to pay too little attention to what may 
happen when the levers of a complicated control 
system are operated in the incorrect order. He 
emphasises this need for the critical examination 
of designs by mentioning the case of a horizontal 
milling machine with an automatic table which 
stopped and reversed at a point determined by the 
setting of various cams and levers. The motor was 
then declutched and left running in that position 
for the next stroke. On one occasion, however, 
the operator noticed that the feed for the cutting 
fluid required adjustment and lifted the guard when 
the machine had completed its cycle of operations. 
To make quite sure she also pressed the stop button, 
whereupon the mandrel made six further revolutions 
and wounded her fingers before it came to rest. 
Examination showed that both the motor and the 
solenoid operating the clutch were supplied from a 
single contact which was controlled by the stop 
button. The solenoid, however, was also controlled 
automatically by the movement of the table so that 
declutching took place at the end of the cycle. 
Finally, it was found that the clutch was pulled out 
by a spring and held out by the solenoid. Thus, 
when the stop button was pressed the contactor 
opened, the clutch closed and the mandrel revolved 
until the motor came to rest under friction. This 
accident could have been prevented by the exercise 
of a little imagination at the design stage, as this 
would have shown that to fulfil the condition of 
“failing for safety’ the clutch should have been 
pulled out by the spring and retained in engagement 
by the solenoid. 

The lesson to be learned from this and other 
examples given in the paper is that less stress 
should be laid on the way in which an apparatus 
should function and more on a consideration of the 
ways in which it may fail to function. There is 
therefore a good deal to be said for Mr. Fordham 
Cooper’s suggestion that when new equipment is 
being designed attempts should be made to operate it 
incorrectly, and to discover whether any of the inter- 
locks with which it is fitted can be defeated. The 
next step is to find out which elements are most 
likely to fail and what will be the probable result of 
their doing so. Attention must be given also to 
such matters as the weakening of springs after a 
period of use, and to the correct setting of such 
devices as limit switches. A further advance will 
then have been made towards ensuring the safe 
operation of much important apparatus. 
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NOTES. 


THe Tuomas Hawks_ey LECTURE. 


THE general meeting of the Institution of Mechani- 
cal Engineers held at. the Institution on Friday, 
November 15, was the oceasion of the delivery, by 
Dr. H. J. Gough, F.R.S., of the Thirty-third Thomas 
Hawksley Lecture. The chair was occupied by the 
President, Mr. O. V. 8. Bulleid. The lecture was 
entitled, ‘‘ Research and Development Applied to 
Bomb Disposal,” and described some of the principal 
lines of research and development pursued during 
the war in order to solve the problems which arose 
in the safe disposal of unexploded bombs, a task 
of considerable magnitude, since in one period alone, 
from October 7, 1940, to March 21, 1941, there 
were 1,461 such bombs to be rendered harmless, the 
average proportion of unexploded bombs to bombs 
dropped being 8-3 per cent. The researches resulted 
in the devising of methods, apparatus and equip- 
ment for use by the Unexploded Bomb Disposal 
Sections of the three Services. The immobilisation 
of fuses, and the methods employed in handling and 
removing the explosive filling were all described in 
the lecture. A large proportion of the researches 
could only be carried out on live bombs, but satis- 
factory disposal techniques were developed and suit- 
able field equipment was produced for use in this 
country and in overseas theatres of war. The 
development of these techniques involved, in vary- 
ing degree, physics, chemistry and engineering, and 
the equipment devised for their application ranged 
from delicate scientific apparatus to compact and 
portable equivalents of heavy-duty machine tools. 
The lecture dealt primarily with German high- 
explosive general-bombardment bombs, but also 
touched upon Italian and Japanese bombs and the 
German flying-bomb and long-range rocket. At the 
conclusion of the lecture a vote of thanks to Dr. 
Gough was proposed by Sir Claude Gibb, M.E., vice- 
president, who, in expressing his appreciation of the 
technical skill involved in devising means for render- 
ing unexploded bombs harmless, paid a tribute to 
the courage of the men of all three Services who had 
had to do the actual handling. The motion, seconded 
by Mr. A. C. Hartley, C.B.E., was carried by 
acclamation. 


DEVELOPMENTS IN SUPER-TENSION CABLES. 


To announce the recent advances they have made 
in the design and manufacture of super-tension 
cables, Messrs. Enfield Cables, Limited, of Brims- 
down, Middlesex, gave a luncheon at the Savoy 
Hotel, London, on Thursday, November 14, the 
Rt. Hon. The Earl of Verulam, chairman of the 
company, presiding. In welcoming the guests, 
Lord Verulam mentioned that the firm, which 
started to make vulcanised india-rubber cables 
in a small way some 32 years ago, now had a works 
at Enfield covering 35 acres and employing some 
3,500 persons. In the one works area, refining, 
rolling, drawing and insulating copper was carried 
on, and the compression cable for use at the highest 
voltages had been developed there. The guest of 
honour at the luncheon was Sir Johnstone Wright, 
general manager of the Central Electricity Board. 
In the course of an interesting speech, Sir Johnstone 
recalled that, when the value of the application of 
mechanical pressure to cable dielectrics became 
apparent, cable manufacturers first turned their 
attention to oil-filled cables and finally to a cable in 
which an inert gas was used as the compressing 
medium. As a result of investigations they had 
made between 1927 and 1930, the Enfield Company 
reached the conclusion that the inert gas should 
not come into contact with the dielectric, and this 
involved the provision of a wall surrounding the 
cable to contain the gas. The first installation of a 
cable of this type was carried out for the C.E.B. 
in 1932, and consisted of a 33-kV three-core solid 
cable pulled into a steel pipe and laid between 
Hackney and Walthamstow, a distance of about 
2} miles. The space between the cable and the 
pipe was then filled with nitrogen at 200 Ib. per 
square inch and the cable was operated at 66 kV. 
Some electrolytic corrosion of the steel pipe occurred 
at first, but the trouble had been remedied and the 
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installation had operated satisfactorily since that 
time and was still in service. Ultimately, however, 
the double-sheath form of cable had been developed, 
the inert gas being contained between the two lead 
sheaths. Short lengths of this type of cable were 
first put into service on the grid in 1940. In 1944, 
the Enfield Company, having developed a 132-kV 
single-core compression-type cable, installed three 
single-core lengths, each of 500 yards, for the C.E.B. 
at Osbaldwick, Yorkshire. The cable has given no 
trouble since. Other developments in Enfield 
cables referred to by Sir Johnstone are dealt with 
on page 485 of this issue. Lord Forrester, managing 
director of the company, in the course of his remarks, 
expressed the view that the compression cable had a 
great future for under-water service, suggesting, as 
an example of its possible applications, the supply 
of electrical energy from the southern island to the 
northern island of New Zealand. In concluding 
the proceedings, the chairman directed attention 
to a number of exhibits which had been arranged, 
including short lengths of 264-kV and 132-kV single- 
core self-contained compression cables, suitably 
mounted, and also examples of 66-kV three-core 
self-contained compression-cable joints. 


TRANSFER OF CoaL MINEs. 

In reply to a question in the House of Commons 
on Monday, November 18, the Minister of Fuel and 
Power (the Rt. Hon. E. Shinwell, M.P.) announced 
that the primary vesting date for the transfer of the 
coal mines of this country to national ownership 
would be January 1, 1947. In making this announce- 
ment, Mr. Shinwell said that the National Coal 
Board had been working extremely hard in preparing 
for the actual taking over of the mines at the earliest 
possible moment. The administrative problems, 
however, had been formidable and suitable office 
accommodation had been difficult to secure. A great 
variety of staff had had to be engaged and first-class 
personnel were never easy to find, especially for a 
new form of organisation. It would be some time 
before finality could be reached in the case of 
many of the assets for which options had to be 
exercised. The Board had also to make arrange- 
ments for continuing conciliation machinery and 
wage agreements in the industry and to provide for 
adequate financial arrangements and controls. In 
many ways the Board would have to make temporary 
arrangements until their organisation was fully 
staffed. Composite undertakings would present 
special difficulties. In spite of these problems, 
Mr. Shinwell continued, there was general recogni- 
tion in the industry, which was shared by the 
Board, that the mines should be vested at the earliest 
possible date and he was sure that they could count 
on the fullest co-operation of the National Union of 
Mineworkers and of all those concerned in over- 
coming the inevitable difficulties of the transitional 
period. 

THe NATIONALISATION OF ELEcTRICITY SUPPLY. 

The Electricity Supply Companies of Great 
Britain have reaffirmed their opposition to the 
Government’s policy of nationalisation in a state- 
ment which was issued on Thursday, November 14. 
In this, they remark that “ nationalisation of elec- 
tricity, with its inevitable uncertainties, will seri- 
ously dislocate our whole industrial system. The 
substitution’of State monopoly for competitive enter- 
prise will result in management becoming increas- 
ingly centralised and stereotyped. This must entail 
increased prices and inefficient service.’’ The state- 
ment also points out that to embark on further 
experiments with other major industries in the face 
of the present coal position is indefensible and that 
the restriction of the natural development of the 
electricity-supply industry is foreshadowed by the 
Minister of Fuel and Power’s warning that it would 
be unsound if the undue expansion of that indus- 
try were to be permitted at the expense of gas. 
It is added that expansion in the use of elec- 
tricity is the best way of compensating for the 
present shortage of manpower in the factory and 
on the farm, and of reducing needless toil by the 
housewife. The history of the electricity-supply 
industry, it is pointed out, is one of falling prices 
and increasing efficiency, as is shown by the fact 
that during the past 15 years the average cost 
of electricity to all users has decreased by over 











22 per cent., while domestic tariffs have fallen by 
over 41 per cent. These reductions have been 
achieved by constant technical iprovmements, and 
in spite of the fact that the price of coal rose by 
125 per cent. between 1939 and 1945. The com- 
panies state that they do not base their opposition 
to nationalisation on political but on economic and 
practical grounds. They are certain that the 
Government’s proposals, if adopted, will vitally 
damage the interests of the community. 


Srx HunprREep YEARS OF SUNDERLAND 
SHIPBUILDING. 


On Saturday, November 16, Mr. G. R. Strauss, 
M.P., Parliamentary Secretary to the Minister of 
War Transport, opened an exhibition of unusual 
interest, designed to mark the 600th anniversary 
of the earliest known reference to shipbuilding at 
Sunderland. The exhibition is displayed in the 
Museum and Art Gallery, but the opening ceremony 
was held in the Town Hall, the chair being taken 
by the Mayor (Alderman Miles Walton), who was 
supported by a number of Sunderland shipbuilders 
and other industrialists. Sunderland could claim 
without question, said Mr. Strauss, to be the core 
of Britain’s shipbuilding industry, and, during the 
recent war, had provided nearly half of the mer- 
cantile tonnage completed in the British Isles. With 
regard to the industry’s future prospects, he ex- 
pressed the view that, for years to come, the demand 
would be for cargo carriers of the intermediate type 
and for specialised vessels. The Government ap- 
preciated fully that, to resume world supremacy in 
overseas trade and a successful competitive position, 
large fleets of modern economical vessels were 
essential. When that need had been met, the 
industry might encounter some difficulty, but the 
Government were determined to do everything 
possible to ensure that the depression which had 
afflicted shipbuilding and Sunderland so severely 
between the wars should not recur ; the Government, 
however, with the best intentions, could not control 
the course of world events. The future of the ship- 
building industry depended largely, he added, on 
its ability to produce the best ships at prices related 
to their earning capacity. To achieve this, there 
must be a ruthless elimination from the industry of 
all restrictive practices and ideas, which, however 
justifiable they might have been, were out of har- 
mony with the present needs; this applied both 
to the shipbuilders and their employees. “ We 
demand,” said Mr. Strauss, “that no one in this 
great and vital industry or in any section of it should 
henceforth do anything which might impede produc- 
tion and impair its competitive position.”” A vote 
of thanks to Mr. Strauss was proposed by Mr. R. 
Ewart, Member of Parliament for Sunderland, and 
seconded by Mr. J. Ramsay Gebbie, 0.B.E., manag- 
ing director of Messrs. William Doxford and Sons, 
Limited. The exhibition consists mainly of a large 
number of models of ships built in recent years by 
Wearside shipyards ; models of engines, prominent 
among them being one, shown in motion, of a 
Doxford opposed-piston marine oil engine ; a hol- 
lowed-log boat, unearthed at Hylton and supposed 
to be about 4,000 years old ; and numerous paint- 
ings, photographs, sectional models, etc., illustrating 
local shipbuilders, their shipyards and ships built 
on the river. Many of these are of great historical 
interest as showing the conditions and methods of 
former years, and especially the days of wooden 
shipbuilding ; as examples, may be mentioned the 
exhibit, contributed by Messrs. Sir James Laing and 
Sons, Limited, of tools used by shipwrights in the 
construction of wooden ships, and various photo- 
graphs showing the practice of bow-first launching, 
which appears to have been more prevalent than is 
usually supposed. The exhibition is sponsored by 
the Corporation of Sunderland, with the support of 
the Wear Shipbuilders’ Association and local 
branches of the trade unions connected with ship- 
building, and will be open daily, including Sunday 
afternoons, until December 8. In connection with 
it, an excellent commemorative book, Where Ships 
Are Born: Sunderland, 1346-1946, has been pro- 
duced. Mr. J. W. Smith and Mr. T. S. Holden are 
joint authors, and copies are obtainable from Messrs. 
Thomas Reed and Company, Limited, Sunderland, 
at the price of ls., plus postage. 
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LETTER TO THE EDITOR. 


THE NILE FLOOD OF 1946. 
To THE Eprror oF ENGINEERING. 


Sm,—tThe article on the Nile Flood of 1946 in 
your issue of November 1, on page 424, ante, justly 
gives the greatest credit to the skill and courage 
displayed by the Minister of Public Works in the 
Egyptian Government, Abdelkawi Pasha Ahmed. 
A hint is given that some people may be inclined 
to say that, having escaped such a flood as this, 
only equalled once in the last 90 years, with 
** damage less than seemed likely,” there is no need 
to embark on large and expensive schemes of flood 
protection. Nothing could be more short-sighted 
than this view. First of all, the phrase “less than 
seemed likely’ is not very explicit. The public 
will be interested to learn the amount of harm done. 
It was reported at one time that about 300,000 acres 
of land had been prematurely flooded in the Upper 
Egypt basins. Any such action must have caused 
the loss of crops worth many million pounds sterling. 
This is small compared to the damage that would 
have been caused by a breach in the Nile banks of 
Lower Egypt, but nevertheless it is substantial 
enough to warrant a large expenditure on works 
that would prevent the need for such a sacrifice. 

This view will be fortified by a consideration of 
the happenings on the upper reaches of the Nile, 
which enabled Egypt to escape so lightly. Large 
areas on the Blue Nile were flooded and suffered 
heavy damage. So did the prosperous towns of 
Khartoum and Omdurman. The railway along the 
Main Nile was breached for weeks. Huge areas 
between Khartoum and Atbara were flooded. In 
terms of water, this means that many thousand 
cubic metres of water escaped out of the river in 
the Sudan. These were heavily reduced there by 
absorption and evaporation, and were stored till 
the remainder flowed back into the river on the 
subsiding flood. This action reduced the flood peak 
in Egypt very considerably. On the other hand, it 
prolonged the period of high levels, which would 
damage crops by raising the subsoil water levels, 
but would not carry a risk of breached banks and 
inundations. Undoubtedly, the authorities respon- 
sible for the Sudan will have to consider measures 
for preventing such disasters to their own popula- 
tion. The only feasible works are the embankment 
of the Nile, as in Egypt, to keep these floods in the 
river and prevent them spreading over the land. 
The water would then pass on to Egypt, in excess 
of what reached there in 1946, and would cause 
widespread havoc and destruction. 

A further reason to apprehend larger floods in 
future is the coming settlement and civilisation of 
Abyssinia. Cultivation and settlement of virgin 
forests and plains is bound to increase run-off. If 
such settlement is carried out with the careless 
exuberance that characterised the exploitation of 
the United States, the increase in Blue Nile floods 
may be very speedy and disastrous. Even with the 
exercise of great skill and the wide use of anti- 
erosion methods, an increase in run-off must occur. 
Given the peaceful development of Abyssinia, a 
secular increase in Blue Nile discharge must follow. 
Lastly, from the general philosophic point of view, 
it is not reasonable to suppose that the brief 90 years 
of the history of the Nile water, for which we have 
reliable records, has included the largest flood that 
ever has occurred, or will ever occur, in the mil- 
lennia by which the Nile’s existence is to be 
measured. 

There are several methods by which Egypt could 
be given safety against all reasonably foreseeable 
floods. The best of all, unfortunately, is now 
scarcely feasible for political reasons. This is the 
scheme put forward in 1918 by Sir Murdoch Mac- 
Donald, P.P.Inst.C.E., at that time Adviser on 
Public Works to the Egyptian Government. He 
proposed to an International Commission under the 
late Sir W. Garstin that a cross-cut, a very large 
canal, should be made through the Gezira above 
Khartoum to connect the Blue Nile with the White 
Nile. By means of appropriate dams and head- 
works, enough water could be drawn in flood out of 





the Blue Nile to render it harmless. This excess 





water would be stored in a vast reservoir, to be 
formed on the White Nile, till such time as the flood 
subsided and the stored water could be released to 
the Mediterranean without endangering Egypt. A 
reservoir has been made on the White Nile, but it is 
a small one, by nature already full at the time it 
might be required to hold excess water from the 
Blue Nile. The White Nile Province round the 
reservoir has developed enormously in 30 years and 
so has the Gezira, through which the cross-cut 
would be made ; and the cost, since 1918, had risen 
very steeply. In short, the scheme is still as 
beautiful as ever from the point of view of the 
irrigation engineer—but no statesman could sanc- 
tion it. 

The present method of flood protection is by 
embanking the Nile. This is simple and understood 
by the people. It is ineffective and has caused 
many disasters in the past, through breaches. Even 
if organisation and discipline can prevent these 
in the future, high levels cannot be prevented, with 
the consequent damage to crops, owing to infiltration 
and raising subsoil water levels. To depend on 
banks for protection is like making a fireproof 
room in a munition factory, as fire protection. 

By a skilful and courageous combination of the 
Aswan Reservoir, the Nile banks and the basins, 
disaster was averted this year; nevertheless, 
further flood-protection measures are necessary, 
because, as has been shown, bigger floods must be 
expected. Big floods may occur with the same fre- 
quency as between 1869 and 1898, when there were 
19 dangerous floods (whereas there were only 7 in 
the next 40 years); the recurring damage to crops 
is a very great financial loss to the country ; the 
progressive conversion of basins in Upper Egypt 
will reduce the relief that was obtained in 1946 
by flooding them; and the too frequent use of the 
Aswan Reservoir will cause an appreciable diminu- 
tion in its capacity to store summer water. For all 
these reasons, the construction of some far-reaching 
final flood-protection scheme is of the utmost 
urgency. It should be noted that, in the seventies, 
two floods as bad as 1946 occurred within four years. 

In 1942, the Egyptian Government asked Sir 
Murdoch MacDonald to study the whole subject of 
flood protection and he put forward proposals for a 
third heightening of Aswan Dam for this purpose. 
A project for such heightening and for the flood 
protection of Egypt by the use of the enlarged 
reservoir in combination with the Wadi Rayan 
was accordingly submitted in 1945. The proposal 
to use a once again heightened Aswan Dam and the 
Wadi Rayan in combination has not been suggested 
or studied previously, although the possibility of 
using the present Aswan Reservoir or the Wadi 
Rayan for flood protection has been discussed 
frequently. 

The Wadi Rayan by itself cannot protect Egypt. 
A period of floods such as the 1869-1898 series would 
cause the Wadi to fill and overflow into the Fayoum 
long before the end of the period. A heightened 
Aswan by itself would have to be used with great 
frequency and it could not keep really high floods 
down to safety level if more basins are converted. 
With a 10-milliard reservoir at Aswan, to be 
obtained by raising the existing dam a further 11 m. 
(or by building a new dam at Aswan), and a channel 
capable of carrying 70 million cub. m. a day to 
the Wadi Rayan, both Upper and Lower Egypt 
would be safe against any foreseeable flood. 

The last point is the alleged danger to the Fayoum 
through using the Wadi Rayan. This fear has 
prevented the use of the Wadi for half a century or 
more. The danger of flooding the Fayoum by 
overflow, except through deliberate sabotage, does 
not exist. An increase might, however, be caused 
in the subsoil water levels in the lower plains of the 
Fayoum and thus in the volume of drainage water 
reaching the Birket el Qarun. If that were to happen, 
it is argued, the drainage of this fertile province 
would be harmed and its crops damaged. Two 
questions must be answered : first, will this action 
occur ?; and second: what can be done about it, 
if it does ? 

It may occur: the danger is slight, but till the 
Wadi is filled, and has been filled for some years, 








nobody can say it will not happen. The head will 
vary from 40 to 65 m. and the infiltration must take 
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place through 13 km. of what is believed to be solid 
limestone, separating Wadi Rayan from the Fayoum. 
A maximum slope of 1 in 200 through solid limestone 
will not produce any very extensive flow, but it 
may produce some, which would show itself by a 
steady rise in Qarun levels. It would be easy to 
keep the lake levels constant by pumping and forcing 
the water up some scores of metres on to the wide 
desert, to evaporate. The expense would be small 
compared with the total cost of flood protection, 
and the remedy sure. A combination of a high dam 
at Aswan with a moderate-sized escape to the 
Wadi Rayan would ensure that no dangerous floods 
reached Egypt proper. We are probably approach. 
ing a period when dangerous floods will be frequent 
and may attain levels higher than any previous}, 
known. The need for action is urgent. 

Yours faithfully, 
F. NEWHOUSE. 
18, Montpellier-row, 
Twickenham, Middlesex. 
November 15, 1946. 
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MR. G. K. LEMMY. 


It is with much regret that we record the 
death at Bromley, Kent, on November 12, of 
a former member of the staff of ENGINEERING, 
Mr. George Kingsford Lemmy. He was 84 
years of age and had been in_ indifferent 
health for some time, though it was only 
recently that his illness became serious. A native 
of Greenwich, where he was born on March 24, 
1862, Mr. Lemmy counted among his forebears 
some of the oldest families of Lee and Wester- 
ham. He was only a year old when his father 
was engaged by Messrs. Schneider et Cie, Le Creusot, 
in connection with a reorganisation of their iron 
foundries. The family remained in France for 
25 years, and Mr. Lemmy therefore received the 
whole of his education there in the primary and 
junior technical schools which were then, as they 
are still, a feature of Messrs. Schneider’s organisa- 
tion. He entered the works in September, 1877, in 
the offices of the mining department, where his 
facility in acquiring a knowledge of languages soon 
brought him into prominence. In addition to 
English and French, he learned Spanish and German, 
and, while still quite a young man, was given charge 
of the firm’s foreign correspondence. 

In 1887, desiring to widen his experience, he 
entered the Paris office of the Crédit Lyonnais as 
foreign correspondent and, in the following year, 
was transferred to London, to the Lombard-street 
office of the same bank. He remained with them 
—meanwhile acquiring a sound knowledge of Italian 
and Portuguese—until 1891, when he joined the 
staff of Messrs. Bolling and Lowe, iron and steel 
merchants, of Laurence Pountney-hill, London, 
again as foreign correspondent. At that time, 
Messrs. Bolling and Lowe were the British agents 
for Messrs. Schneider. In June, 1897, at the 
invitation of the latter firm, Mr. Lemmy returned 
to Le Creusot, where, for several months, part of 
his work consisted of the compilation, in French and 
English, of a description of their works and products. 
The English version appeared serially in ENGINEER- 
Inc during the years 1898 to 1900 and was after- 
wards published in book form. It was through the 
contact thus established that, in June, 1901, he 
became a member of the editorial staff of this 
journal, originally as assistant to the late Mr. James 
Dredge in the editing of Traction and Transmission, 
a monthly supplement to ENGINEERING which was 
founded in April, 1901, but discontinued after 
October, 1904. Mr. Lemmy was also a familiar 
figure at the meetings of the Iron and Steel Institute, 
of which he became a member in 1908, and of the 
Institute of Metals. He reported these meetings 
for many years in our columns, and also wrote a 
number of articles on the design and construction 
of ordnance, and other subjects. 

Mr. Lemmy retired in 1924, but continued to be 
an occasional contributor for some years. In later 
life, he took up as a hobby the study of ancient 
Greek in order to be able to read the New Testa- 
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ment in the original text, and also capes a useful 
knowledge of Russian. After his retirement, he 
undertook technical translation for several English 
and French scientific institutions. In October, 1933, 
he was made a director of Afsa, Limited, a company 
which represented Messrs. Schneider and also the 
French steelworks, La Société Métallurgique de 
Normandie and La Société Métallurgique de Knu- 
tange ; he relinquished this position five years later. 
A distinction of which Mr. Lemmy was proud was 
his appointment to the French Order of Officier 
d’ Académie, in 1902; he was thus one of the few 
British citizens entitled to wear the purple-ribboned 
‘* Palmes Académiques.” 





THE IRON AND STEEL 
INSTITUTE. 


On page 471, ante, we deait with the official 
business transacted at the opening session of the 
autumn meeting of the Iron and Steel Institute, 
held on November 13 and 14 at the Institution of 
Civil Engineers, London. We now pass on to the 
technical discussions. 


Port DesiagN In OpEN-HEARTH FURNACES. 


Special report No. 37, compiled by Dr. J. H. 
Chesters, of the United Steel Companies, Limited, 
Stocksbridge, near Sheffield, and Mr. M. W. Thring, 
of the British Coal Utilisation Research Association, 
London, and entitled “‘The Influence of Port Design 
on Open-Hearth Furnace Flames,” was considered 
by the meeting during the whole of the first day. 
An introductory address, on the purpose and plan 
of the experiments and of the special instruments 
and technique adopted, was delivered by Dr. Ches- 
ters, who thus gave a brief review of Section I, 
parts 1 and 2, and Section II, parts 1 to 8 and 11, 
13 and 14 of the special report. An outline of this 
will be found on page 486 of this issue. Dr. Chesters 
also briefly introduced a paper on “ A Heat-Flow 
Meter for Use in Furnaces,” by Messrs. R. H. Baulk 
and M. W. Thring of the British Coal Utilisation 
Research Association. The authors stated that the 
first step towards improving the flow of heat to a 
charge in a melting furnace was to develop an in- 
strument which would measure the value of the heat 
flow at any point in the furnace under the varying 
conditions of operation. In particular, it was 
desired to be able to measure the heat transfer by 
radiation and convection from the flame to the 
charge and to the furnace walls. A calorimetric 
type of instrument mounted at the end of a plain 
cylindrical arm consisting of a solid-drawn water- 
cooled steel tube was finally chosen after experi- 
ment. The instrument had been used to compare 
the heating power of different flames, to examine 
the effect of flame thickness upon the heat flow from 
the flame, and to compare the heat flow at different 
points along and across the flame. It had shown, 
for example, that measurement of the downward 
heat flow, below the flame at its two ends, gave a 
valuable quantitative measure of the effective flame 
length; in the case of very slow combustion, the 
downward heat flow at the outgoing end was greater 
than at the ingoing end. It had also been shown 
that the heat-absorbing area of the surface of the 
charge was not fully utilised either in the steel 
furnace or in the glass tank furnace, the former 
because the flame did not cover the whole area, and 
the latter because the cold batch was not spread 
out. 

The discussion was opened by Dr. A. H. Leckie, 
who stated that the series of papers before the 
meeting described what must be the most stupendous 
piece of research ever undertaken on open-hearth 
furnaces in a works. There had been a careful 
statistical study of the results to ensure that con- 
clusions were drawn from really significant figures. 
This could still be regarded as a new technique, for 
although the statistical method of treatment was 
now frequently employed, many investigators were 
still unaware of the necessity for using it in most 
cases in which the average of a number of widely 
varying individual figures was used for comparison 
purposes. The subject of the special instruments 
and techniques used in the trials could be divided 
into two groups, namely, the improvement of exist- 
ing methods and the entirely new developments. 








In the first group he included gas and air measure- 
ment, roof pressure control and roof temperature 
control. The second group included the heat-flow 
meter, the narrow-angle radiometer, the front-wall 
pyrometer, suction pyrometry in the uptakes, and 
the recording of the calorific value of hot raw pro- 
ducer gas. Crude producer gas had been measured 
successfully in works for many years and he won- 
dered whether it was established that the Venturi 
was preferable to the snub-nosed orifice, under all 
conditions. He appreciated that it would be better 
in bad locations, but, if there were a long straight 
main and ample pressure, he would like to know if 
the Venturi had any particular advantages. He 
could not agree that the use of Pitot tubes was quite 
impracticable, as stated in the report ; in most lay- 
outs a Pitot tube was satisfactory for giving a rough 
idea of the flow in a spot test, though it was not 
suitable for continuous recording. 

The theoretical optimum roof pressure depended 
on the height of the furnace roof, but on the question 
of roof-temperature control he wondered whether 
the authors were satisfied that 1,650 deg. C. should 
be the control temperature. At the Shelton Iron, 
Steel and Coal Company, Limited, the control 
temperature, he believed, was 1,680 deg. C. Roof 
pyrometry had been used at the Shelton works as 
a routine control measure for years, and excellent 
outputs had resulted. The most interesting of the 
new techniques consisted in the use of the heat-flow 
meter in the open-hearth furnace. In connection 


with the large variation in the readings occurring | 98 


in a short space of time, which variation had been 
the subject of a good deal of statistical work by the 
authors, the appendix on the matter, by R. L. 
Brown and F. Fereday, was difficult to follow by 
those not specially trained in statistics. One could 
not help wondering whether variables such as 
changes in air/gas ratio, which were not shown on 
the meters, and changes in furnace pressure, might 
not account for some variation. For instance, a 
10 m.p.h. wind blowing through the melting shop 
might cause considerable local changes in air 
infiltration. The narrow-angle radiometer was very 
ingenious and he regretted that more work had 
not been done with it, particularly on the effect of 
gas quality and air/gas ratio on flame emissivity 
at, or about, the middle door of the furnace. The 
same applied to the investigation of flame spectra ; 
there was a big field for investigation in that direc- 
tion, and it should be extended into the infra-red 
region if it were possible to use.rock salt and potas- 
sium bromide optical systems in a melting shop. 
One of the matters on which the authors were to 
be most congratulated was the continuous measure- 
ment of preheat by suction pyrometry, and an 
interesting feature of the work was the remarkable 
similarity of air preheats in different furnaces. The 
only determination missing from the research was 
the metering of waste gas, which was of great 
value and quite simple if it were possible to put an 
orifice in the stack. 

Mr. F. L. Robertson said that three new measuring 
devices had been used, for the first time, namely, 
the heat-flow meter, the front-wall pyrometer, and 
the suction pyrometer. A fourth new device, and 
perhaps the most interesting of all, was the cinemato- 
graph. With regard to the authors’ claim that the 
use of instruments would increase output by 10 per 
cent., he was of the opinion that they were mis- 
leadingly modest. Instruments, as mere instru- 
ments, would leave output unaffected, of course, 
but if, as obviously the authors had meant, instru- 
ments were used as a means whereby a melting-shop 
manager issued his orders and saw them carried out, 
then, according to the authors’ basic principles, the 
output of most British furnaces would be increased 
by from 30 to 50 per cent. His own firm had 
obtained increases of from 50 to 70 per cent. in 
output, over long periods, under less favourable 
conditions. 

Mr. H. Clifford Armstrong rejoiced that, -at last, 
steelmakers were looking upon the steel furnace as 
a heat-transfer machine. The intimate mixing of 
the gas and air going into a furnace was the aim, 
but when the great volumes of gas and air entering 
the furnace were envisaged it might be felt that the 
word ‘“‘ mixing’ was an exaggeration, for, in the 
past, there had not always been real mixing. The 





fuel/air ratio was of the utmost importance and 
lack of control of it was responsible for some of the 
variations which were still not quite explained in 
the report. As Dr. Chesters had pointed out, the 
chequers alone did not cause all the preheat, the 
temperature of the incoming gas and air was raised 
considerably in the region of the uptakes above the 
furnace stage. This probably explained why it 
had been impossible, for years, to achieve any 
correlation between size of chequers and furnace 
operation. One final point was that the time 
during which the gas was in the furnace was impor- 
tant. It was necessary to allow time for the pro- 
ducer gas to burn and this was of the order of two 
seconds. When the time was less than two seconds, 
it would be found that the furnace was very expen- 
sive in fuel and where the time was longer than 
two seconds, the furnace would be found sluggish. 

In his reply, Dr. J. H. Chesters, said that although 
the experiments described had been on a large scale, 
the work was in the nature of a preliminary investi- 
gation and some of their conclusions might be some- 
what unsteady. He was responsible for stating 
that 1,650 deg. C. was the correct roof temperature, 
the reason being that the roof melted at 1,680 deg. C. 
There could be, however, an error in the roof pyro- 
meter of anything up to 20 deg. to 30 deg. in tempera- 
ture measurement and this was quite inexplicable. 
Another speaker, Dr. P. M. McNair, referring to the 
assistance of combustion by swirling the gas and 
air in the burner, recalled that a number of years 
0, in connection with the burning of pulverised 
fuel, he had found that swirling was advantageous. 
It had also been ascertained that it was better to 
swirl both the fuel and the air in the same direction 
than in opposite directions. Resuming, Dr. Chesters 
stated that in his laboratory there was a furnace 
in which pure sand could be melted and poured out 
like glass. The cross section was only 1 sq. ft. 
in area and there were two burners, one on " 
side of the furnace, the gas/air mixture being | : 
Inside each burner there was a helix which Nahe 
the gas swirl in one direction and the preheated air 
in the other direction. As a result, there was very 
rapid combustion. A burner having a sillimanite 
cup produced by Koppers in Germany worked on a 
similar principle and consumed great quantities of 
gas at 1,850 deg. C. An enormous rate of combus- 
tion could be achieved in the open-hearth furnace, 
and the problem would be that the flame would melt 
the roof. Whether or not sufficient control could 
be achieved to prevent this, he did not know, but 
the fact remained that, if a burner could be devised 
to produce swirl, gas could certainly be burned in a 
very much smaller combustion volume. 

Mr. R. Walker, who also briefly replied, discussed 
the fluctuations on the heat-flow meter readings. 
He said that, in tests at Appleby-Frodingham, they 
had used producer gas, and mixed blast-furnace and 
coke-oven gas. They had not found any significant 
difference in the fluctuations as between using pro- 
ducer gas and the mixed gas, and the fluctuations 
that were experienced were due to the multiple 
effects of preheat, variations in the calorific value of 
the gas and other factors. Mr. I. M. D. Halliday 
and Mr. F. Fereday also briefly replied, the former 
stating that the simpler the design of the suction 
pyrometer, at the hot end, the better. He 
that a nest of tubes as a radiation shield would be 
very desirable, but it would be almost impossible to 
maintain as a recording instrument. 

At this stage of the proceedings the President 
adjourned the meeting for luncheon. 

(T'o be continued.) 





CANADIAN SCHOLARSHIPS FOR EX-SERVICEMEN.— 
Candidates for scholarships having a total value of 
approximately 15,0001., tenable at McGill University, 
Montreal, are to be selected in London early next month, 
The scholarships are offered by the Ajax Hospitality 
Fund, which provided rest centres, during the war, to 
British citizens who served afloat as officers of the Royal 
Navy or Royal Marines. Many ex-servicemen have 
applied, but further applications will be considered if 
received by the secretary of the Admiralty (D.E.D.), 
S.W.1, by November 30. The first batch of scholarships 
will be awarded to allow students to begin their studies 
in May, 1947; others will be awarded later. The indi- 
vidual scholarships amount to 1,250 dols. (about 3101.) 
per annum for four years for single officers, with a possible 
increase to 1,500 dols. (37 51.) for married men. 








THE INSTITUTION OF 
MECHANICAL ENGINEERS. 


(Continued from page 473.) 


Ws continue below our report of the discussion on 
the paper on ‘‘ Feed Distribution and Hunting in 
Marine Water-tube Boilers,” which Mr. H. Hillier 
presented at an extra general meeting of the 
Institution of Mechanical Engineers, held in London 
on Friday, November 8, 1946. 

Mr. R. E. Zoller, B.Sc. (Eng.), said that he could 
not agree with some of the author’s conclusions, 
though it was difficult to discuss the circula- 
tion of the boiler in question, because the design 
has been discontinued for over ten years. The 
‘Cyclone ” was developed with the same idea that 
Rear-Admiral Dight had with his augmentors, but it 
was carried a stage farther because all the water was 
separated from the steam in the drum itself. The 
only way in which the steam and water could get out 
was through the cyclones. These must not be con- 
fused with steam purifiers ; they had a different job 
to do altogether. The speed was so high in them 
that there was a separating force of probably 25 to 
30 g. Steam went out at the top and the water went 
out at the bottom. There was a very high centrifugal 
speed of the water, and the kinetic energy of the 
water was converted into a pressure head which 
pushed the water out of the cyclone, no matter where 
the water was in the drum itself; so that these 
cyclones were quite efficient over a whole range, and 
the amount of water circulating round the boiler was 
almost constant from 15 to 130 per cent. of the 
normal rating. The cyclone separated all the steam 
bubbles out of the water. Over 90 per cent. of 
American naval vessels now had the form of drum 
he had indicated, which meant over 400 fighting ships 
as well as many ancillary ships. American ships did 
not usually or always have automatic feed regulators, 
but he had been in a ship where the thermostatic 
form of feed regulator of the single-element type 
was tried out, and the ship went through several 
special manceuvres and in no case was any hunting 
experienced. The author stated that steam draw-off 
was followed by a changing rate of feed flow. There 
was a design of feed-water regulator which imme- 
diately balanced the steam and water flow, which 
checked the water level and brought it slowly back 
to normal. The author might consider this too 
complicated for naval use. If so, there was a relay 
type of valve which could be designed so that if 
there was a 90 per cent. fall in level the flow 
increased linearly to 90 per cent., and the final 
10 per cent. would step up the flow to 130 per cent. 
or more, to give the margin required for operation. 
Feed-pipe holes often became choked, choking 
usually occurring at the blind end, probably because 
of the lower water speed. 

Mr. H. K. McAndrew observed that it was not 
always admitted by boiler-makers that the circula- 
tion in a water-tube boiler did not follow entirely 
on theory. Marine engineers, who always had a 
weakness for assisted circulation, no doubt instigated 
the investigation. It was not clear from the paper 
whether the boilers, when steaming at low loads, 
were coming up from cold or bad conditions, or 
dropping down from full load. If brought up from 
cold, it was possible that at certain rates of evapora- 
tion there was an inter-circulation taking place 
within a bank of tubes. That was contrary to the 
theories of many designers, but it did happen. In 
a multi-drum boiler, where all the tubes were 
normally risers according to theory, at a certain 
load the first few rows were risers and the others 
downtakes. A similar state of affairs was obtained 
at times on the header type of boiler with the 
longitudinal drum. With the usual drum type of 
headers, he had seen cases of bubbles in the drum, 
which proved that circulation took place a different 
way round from that of theory at one condition of 
steaming ; this was when coming up from cold, not 
dropping down from full load. Cases of that kind 
would have the tendency to produce faulty and 
irregular water-level readings and also an irregular 
operation of a feed-water regulator, particularly of 
the float type. On the question of water regulators, 
he asked whether the author had considered the 
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introduction of a thermostatic type instead of the 
float type, and particularly the type with an external 
float chamber. Personally, his experience had been 
that with the external float chamber, which might 
be connected to the drum by a comparatively small- 
bore nozzle or pipe, there was a greater time-lag 
than was obtained with a thermostatic or pressure 
type of control, where the connection from the 
drum to the prime mover and thermostat was more 
or less the same bore. 

About 1916, at Rosyth Dockyard, on marine 
boilers installed on land, they had experimented 
with a distance water-level indicator. It was in the 
early stages of distant water readings, when drums 
were going higher and higher. The standard water- 
gauge was still left on the drum. The two kept 
fairly well in step, but one was nearly half a minute 
behind the other. It was quite possible for that to 
give rise to hunting, and when that started, it was 
difficult to stop. That trouble was never overcome, 
although the experiments were carried on well into 
1920, when the optical and various other coloured 
indicators for distance reading began to be deve- 
loped. They never had any success with the 
arrangement which he had described, because there 
was too great a time-lag between the actual direct 
gauge on the drum and the distance indicator. 
Thermostatic control would not prevent surging 
after the regulator valve was closed; that was due 
entirely, as the author said, to the swelling. 

One point not covered by the paper, but one in 
which he had been greatly interested for many 
years, was that of the dryness of the steam leaving 
the drum. He thought that was very important, and 
if the author could give any information, it would 
be of great assistance. He would expect that any 
of the arrangements incorporating a feed spray in 
the steam chamber would result in a large percentage 
of carry-over into the superheater, and, although it 
was not always credited, very often on to the turbine 
blades. Any return tubes or circulating tubes 
coming back into the drum should, in his opinion, 
be very carefully baffled, to prevent the spraying of 
water into the drum. The same remark would 
apply to feed water, although the steam content 
of water coming back through circulating tubes 
from adjacent drums was higher than it would 
normally be with feed water; but he had had so 
much trouble with superheater tubes that he would 
avoid any spraying of water in the steam space as 
much as he possibly could. 

Mr. W. F. Wood said that the author had care- 
fully examined some of the many factors which 
were likely to affect the maintenance of steady 
boiler water levels. This rhythmical rise and 
fall of water level was observed during shore trials 
of Foster Wheeler, Admiralty and Yarrow-type 
boilers. All those boilers were fitted with econo- 
misers, but each case presented a different set of 
conditions in the geometrical layout of tube 
banks, internal fittings, etc. The Yarrow and 
Admiralty boilers were fed from Venturi-governed 
pumps, designed so that the discharge pressure of 
the pump was automatically controlled to follow 
the feed-line resistance. Thus a constant pressure 
drop across the regulator was aimed at. The 
Foster Wheeler boiler was fitted with steam baffles 
in the steam drum, a single drowned feed pipe, and 
a total of nine 6-in. downcomers. During the trials, 
the water levels were unsteady, and on several occa- 
sions flooding and loss of water occurred. The single 
feed pipe was then replaced by Admiralty feed 
pots. It was found that water levels hunted when 
the pressure across the feed check became too high, 
but adjustment of leakage improved conditions. 
Later, trials with the original drenched pipe resulted 
in a periodic swing of 8 in. in the water level. An 
improved type of regulator was fitted and feed 
pots again replaced’ the feed pipe. In this case, 
the regulator leak-off was discharged to the econo- 
miser inlet, with good results. Finally, in an 
attempt to reduce carry-over, a special pipe was 
fitted which gave steady levels, but carry-over at 
highest powers persisted. The Admiralty three- 
drum boiler was fitted with an augmentor and with 
two 6-in. downcomers at the front and back of each 
tube bank. The feed-pump Venturi governor was 











ineffective, and under pressure governing and auto- 
matic feed regulation small variations in water 
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level were present with feed pots, and also with a 
specially-designed spray feed pipe located in the 
steam space. Investigations into the flow in down. 
comers showed that even those small variations in 
water level had an important effect in producing 
considerable fluctuations in the downcomer flow. 
Hand feeding was resorted to and steady water 
levels maintained. 

The Yarrow boiler, of the five-drum type, was 
fitted with feed pots, an internal steam pipe and 
an external steam dryer. The feed to the boiler 
was measured by a Kent Venturi meter installed 
on the discharge side of the Venturi feed pump. 
The Venturi portion of the pump was adapted 
from another contract, and this was the probable 
reason for its failure to effect adequate control. 
Under pressure governing, the fluctuation of the 
feed flow ranged the complete scale of the water 
meter up to 80 per cent. of full load, and hand 
control of the feed check was necessary to give 
steady conditions. The boiler was steamed at 
constant loads for long periods without any adjust- 
ment of the feed check valve and steady water 
levelg were maintained. At the higher powers, the 
automatic feed regulator was brought into use with 
steady results. The reasonably steady readings 
obtained from the water meter showed that the 
control of the boiler output was satisfactory. 

Further to these trials, reports were received that 
boiler water levels in certain destroyers were 
hunting. How could that hunting be attributed 
to changes in boiler design, since the pre-war 
troubles had been overcome? The principal 
changes were that the augmentor width had been 
increased to give higher steam temperatures and 
the height modified to improve circulation, the type 
of oil-fuel burning had been modified to improve 
consumption, and downcomers had been fitted to 
improve stability of circulation, and to eliminate 
tube distortion. Of these modifications, the first 
and second had been fitted in various combinations 
in other ships, and no important trouble had been 
reported. On the other hand, the downcomers 
were located so near the surface that any change 
in water level had a material effect in the change 
in flow. Such flow changes were likely to upset the 
whole of the circulation both inside and outside the 
augmentor. Instability within the circulation aug- 
mentor would affect the control of the feed regu- 
lator. 

A considerable number of trials had been carried 
out at sea, and the general conclusions were that 
little or no improvement in steady water levels was 
obtained, either by changing the feed regulator 
water balance connection from inside the augmentor 
to the space outside, by varying the position of the 
balance pipe connection along the length of the 
augmentor in an attempt to find a more stable con- 
trolling area, ‘or by reducing the height of the 
augmentor; hand control of check valve steadied 
the water level at constant loads; a considerable 
time-lag existed between the water level in the 
gauge glass and that in the regulator float box; 
feed entering the boiler at 80 deg. F., as compared 
with the normal temperature of 200 deg. F., increased 
the water level hunt from 4 in. to 9 in. in the gauge 
glass; boilers fitted with economisers hunted in 
much the same way as boilers not so provided ; 
feed heating with economisers amounted to 70 deg. F. 
at 20 per cent. load up to 120 deg. F. at full load. 
It was also found that, by discharging the feed 
regulator leak-off into the feed line to the econo- 
miser’s instead of into the float box, an improvement 
was effected ; a reduction in feed discharge pressure 
of 25 Ib. per square inch to the lowest pressure com- 
mensurate with safe operation at full power gave a 
considerable improvement and reduced the water 
level hunt from 7 in. to 3 in. ; short spray feed pipes, 
giving a reasonable degree of atomisation, had only 
a minor effect in reducing the cyclic variations when 
compared with feed pots; by increasing the total 
taper of the regulator float-needle valve from 6 deg. 
to 11 deg., much steadier water levels were obtained ; 
downcomers improved circulation stability; as 
trials were necessarily spread over a number of 
vessels, it was found that manufacturing differences 
in items of equipment contributed to the unsteadi- 
ness and made comparison difficult; and a single 
boiler supplying constant steam to the main engine 
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hunted to a slightly less extent than when it was 
working in parallel with a second boiler. From the 
foregoing, the main items which would appear to 
repay detailed attention were feed heating, circula- 
tion, and feed regulator and check valve charac- 
teristics. The case for feed heating to saturation 
temperature had been put by the author. Some 
degree of feed heating, such as was obtainable from an 
economiser, was essential for stability of circulation. 
It would be interesting to have the author’s view on 
the degree of feed heating effected by spraying the 
water into the steam space. 

Practical circulation tests of boilers on service 
had been conducted for some time. Earlier investi- 
gations at Haslar made use of an “ over-all’ gauge 
for measuring the apparent mean density in the 
boiler. That gauge, for practical reasons, had been 
replaced by a simple pressure-differential recorder. 
One side of the instrument was connected to the water 
drum, and the other side to the steam drum through 
a small condensing pot designed to maintain a 
constant head above that side of the instrument. 
As the output of the boiler was increased, the pres- 
sure in the water drum would be reduced, due to the 
change in the mean density of the mixture and 
changes in frictional losses in the tube bank. The 
change in pressure in the water drum would be 
shown on the recorder. It would be realised that 
the pressure recorder measured continuously the 
difference between the vertical height of the water 
level in the over-all glass and that in the steam drum. 
That difference, corrected for density, was referred 
to as the “depression”’ and the values were then 
plotted against output. A circulation trial was 
carried out in a destroyer boiler of conventional 
Admiralty type in which water-level variations had 
been reported. The boiler was fitted with one 6-in. 
downcomer at the rear of each tube bank and a 
short feed spray pipe in the steam space. At the 
same time, water-level variations were recorded. 
There were small irregularities, but cyclic hunting 
was present, the periodicity, varying with power, 
being approximately 40 seconds at 20 per cent. load, 
100 seconds at 39 per cent. load, and 50 seconds at 
58 per cent. load. At and above 77 per cent. load, 
a series of short-period variations were superimposed 
on a cycle of approximately five minutes period. 
Hunting of water levels was accompanied by the 
usual hunting of the auxiliaries. The depression 
readings varied by the same amount as the water- 
level readings. It was suggested that the increased 
rate of change of steam contained in the circulating 
mixture, which was apparent at 20 per cent. to 40 per 
cent. of full output, might cause greater instability 
or-surge effect over this range when subject to small 
Variations in the oil-fuel supply or heat distribution 
in the furnace. It had been established that the 
circulation augmentor and downcomers smoothed 
out the steam-volume curve and reduced the depres- 
sion. A requirement appeared to be, therefore, to 
determine the most satisfactory number and the 
location of downcomers which would give optimum 
stability of circulation. The safety of the boiler was 
the prime requirement to be met by the regulator, 
which, with its feed pump and feed-pipe arrange- 
ments should operate in a stable manner without 
hunting of water level or feed pumps. It should be 
capable of restoring the level to normal as quickly as 
possible after load changes and of maintaining a 
desired water level. Points of a secondary nature 
were that the regulator should ensure the economic 
use of the auxiliary exhaust in the feed heater at all 
times, and that attention should be given to the feed 
pumps. The automatic regulators used in naval 
boilers had always been of the water-level con- 
trolled type. It was thought that, for this regulator 
to work satisfactorily, at least a constant pressure 
difference, and preferably a élightly rising pressure 
difference, across the feed-check valve was essential 
with an increase in power. It had been noticed 
that increases in boiler operating pressure and steam 
release rates had been accompanied by feed regula- 
tion difficulties. It was believed that for highly- 
rated boilers an inherent feature of the design should 
be to relate the steam and feed rates. With that in 
mind, the author had been asked to produce a feed 

nsive to both steam flow and water 

The results were awaited with interest. 
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LABOUR NOTES. 


In the course of an interesting comparison of the 
position of the manual worker here and in the United 
States, the writer of ‘“‘ Notes and Comments” in the 
November issue of Man and Metal, the journal of the 
Iron and Steel Trades Confederation, says :—‘‘ There 
is no royal road to an easy, comfortable existence for 
manual workers; the good things of life have never 
been easily won by the common people. This, un- 
doubtedly, is one of the reasons why workers are 
preoccupied with the problem of the equitable distri- 
bution of the anntenes income. Workers everywhere 
think about this problem daily at various levels of 
understanding. , Some confine their thoughts about 
redistribution of income to getting a few shillings 
increase in wages; others, blessed with a greater 
understanding, extend their thoughts to redistributing 
the national income through the medium of the national 
budget. Yet other workers reach higher levels of 
understanding, by recognising the necessity of greater 
production as well as redistribution of income if rising 
standards of living are to be achieved.” 





“In Great Britain,” the contributor of the ‘ Notes 
and Comments” goes on, “the people have made 
substantial progress in understanding the essentials of 
the problem. They ‘are aware that they produce 
enough to guarantee a higher standard of living than 
they have been accustomed to have, and to end this 
unwanted, unnecessary condition, the people elected a 
Labour Government to power, pledged to carry out a 
policy leading to a high and stable level of employment 
and a more equitable distribution of the national 
income.” 

‘“Compare this,” the writer continues, “ with the 
American scene. In the United States, private enter- 
prise is firmly in the saddle, and a vast, efficient 
capitalist propaganda machine, based on an annual 
expenditure of thousands of millions of dollars, struggles 
determinedly to curb the discordant murmurings of 
millions of underpaid, overworked, debt-ridden and 
under-nourished workers. Although the United 
States produces a torrent of wealth—at the moment 
about 40,000,000,000/. a year—one out of every five 
families—that is, 9,300,000 families, comprising 
30,000,000 persons—receive less than 2501. a year; 
the average being 1501. per annum.” 





The National Joint Council for Civil Aircraft Trans- 
port was formally constituted at a meeting at the 
Ministry of Labour and National Service last week. 
Mr. Isaacs and the Minister for Civil Aviation (Lord 
Nathan) addressed the representatives, and extended 
their good wishes for the work of the organisation. The 
employers’ side of the council consists of representa- 
tives of the British Overseas Airways Corporation, 
British European Airways, and British South American 
Airways. The following organisations are represented 
on the employees’ side :—The British Airline Pilots’ 
Association; the Association of Supervisory Staffs, 
Executives and Technicians ; the Association of Engin- 
eering and Shipbuilding Draughtsmen; the Radio 
Officers’ Union ; the Amalgamated Engineering Union ; 
the Electrical Trades Union ; the Amalgamated Society 
of Wood Workers ; the National Union of Sheet Metal 
Workers and Braziers ; the National Union of General 
and Municipal Workers; and the Transport and 
General Workers’ Union. 


In the industries covered by the statistics regularly 
compiled by the Ministry of Labour and National 
Service the changes in rates of wages reported to have 
come into operation in the United Kingdom, during 
September, resulted in an aggregate increase, estimated 
at approximately 114,000/. in the weekly full-time 
wages of about 360,000 workpeople, and in a decrease 
of about 140/. in the wages of 3,000 workpeople. The 
principal groups of workpeople affected by increases 
were mule-room operatives, other than spinners, in the 
cotton industry; production workers in the hosiery 
industry in the Midlands; workers, other than mana- 
gerial grades, employed in cinemas ; workers in hair- 
dressing establishments; and workers employed in 
sugar confectionery, cocoa and chocolate manufacture, 
and food preserving. In the nine months, January to 
September, 7,041,000 workpeople received wage in- 
creases estimated at 2,468,4001. 


The persons whose wage rates were decreased, during 
September, were employed in iron-puddling forges and 
mills, and sheet mills in the West of Scotland, and in 
iron mines and limestone quarries in Cumberland. The 
reductions were due to arrangements under which wages 





(To be continued.) 





Industrial Councils or other joint standing bodies 


established by voluntary agreement; about 20,000. 
resulted from arbitration awards; about 16,0001. was 
the result of orders made under the Wages Council 
Acts; and the remainder resulted from direct negotia- 
tions between employers and workpeople or their 
representatives. 4 

The number of disputes involving stoppages of work 
reported to the Department as beginning in September 
was 177. In addition, 14 stoppages which began before 
September were still in progress at the beginning of 
that month. The approximate number of workers 
involved, during September, in these 191 stoppages, 
including persons thrown out of work at the establish- 
ments where the stoppages occurred, though not 
themselves parties to the disputes, is estimated at over 
41,000. The aggregate number of working days lost 
at the establishments concerned, during September, 
was nearly 190,000. In the nine months, January to 
September, this year, there were 1,692 stoppages due 
to disputes involving 410,400 workers and resulting in 
an aggregate loss of 1,686,000 working days. 





Of the 177 disputes leading to stoppages of work 
which began in September, 17, directly involving 8,000 
persons, arose out of demands for advances in wages ; 
48, directly involving 4,500 workers, out of other wage 
questions ; 4, directly involving 800 persons, out of 
questions as to working hours; 28, directly involving 
7,000 workers, out of questions respecting the employ- 
ment of particular classes or persons; 70, directly 
involving 7,100 workers, out of other questions relating 
to working arrangements; and 10, directly involving 
5,300 workers, out of questions of trade-union principle. 





A delegation of 12 rank and file members of the 
Amalgamated Engineering Union, headed by Mr. Jack 
Tanner, the President, and Mr. Ben Gardner, the general 
secretary, has gone to Russia with the object, it is 
stated, of strengthening the “friendly relations that 
have always existed between the A.E.U. and Soviet 
trade unionists. Visits are to be paid to metal and 
engineering works in many parts of the U.S.S.R. and 
the possibilities of increasing trade between the two 
countries will be studied. 





According to a statement issued by the Ministry of 
Labour and National Service last week, over 1,400,000 
persons are engaged on manufacture for export— 
1,000,000 more than the mid-1945 total, 1,158,000 more 
than the mid-1943 total and 420,006 more than the 
mid-1939 total. Except in the manufacture of metals 
and chemicals, production for the home market still 
engages fewer employees than in pre-war days; the 
figures are 2,453,000 compared with 2,969,000. 





The number engaged on products for the home 
market in the metals and chemicals industries is 
2,452,000 compared with 1,586,000 in pre-war days. 
The total engaged in manufacture for both the home 
market and the export market is 6,315,000 compared 
with 5,545,000 in mid-1939. The total working 
population was 19,750,000 in mid-1939, 22,281,000 at 
the peak of the war in mid-1943, and 20,402,000 in 
mid-September this year. The number of women in 
industry has risen from 5,590,000 to 5,595,000. When 
wartime production was at its height, there were 
6,699,000 women in industry. Before the war, there 
were 4,837,000. 





The number of civilians in employment in American 
industries, other than agriculture and domestic service, 
in July this year is estimated by the United States 
Department of Labour to have been approximately 
39,325,000. This was 0-5 per cent. higeer than the 
figure for June, 2-2 per cent. higher than that for 
July, 1945, and 29-6 per cent. higher than the average 
for the year 1939. The number of wage earners 
employed in manufacturing industries, in July this year, 
is estimated to have been 1-1 per cent. higher than in 
June, but 7-4 per cent. lower than in July, 1945; it 
was 40-9 per cent. above the average for the year 1939. 
At the middle of July, 1946, there were approximately 
2,270,000 unemployed persons compared with 2,560,000 
a month earlier, and 950,000 in mid-July, 1945. 





In the period of thirteen weeks which ended on Sep- 
tember 28, expenditure on unemployment allowances at 
local offices of the British Ministry of Labour and 
National Service and of the Assistance Board (exclud- 
ing the cost of administration) amounted approximately 
to 830,0007. During the thirteen weeks which ended on 
June 29, the corresponding expenditure was 771,0001 
and during the thirteen weeks which ended on Septem- 


fluctuate according to movements of the cost-of-living | ber 29, 1945, it was 564,0001. The total income of the 
index figure. Of the total increase of 114,000I., about |General Account of the Unemployment Fund, in the 
48,0001. was the result of arrangements made by Joint | thirteen weeks which ended on September 28, was 





24,592,0001., and the total expenditure 7,670,0002. 
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THE DEVELOPMENT OF THE FLUORESCENT LAMP. 
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THE DEVELOPMENT OF THE 
FLUORESCENT LAMP. 


(Continued from page 475.) 


TurRntne to the construction of the individual lamps, 
the 400-watt high-pressure mercury-vapour fluorescent 
lamp consists of a discharge envelope of hard glass, 
which is capable of withstanding the temperature of 
600 deg. C. attained during normal operation. This 
envelope is enclosed in an outer bulb of ordinary glass, 
the space between the two being wholly, or partly, 
evacuated to prevent undue loss of heat from the dis- 
charge and to keep the temperature as uniform as 
possible. The inner tube contains a rare gas, such as 
argon, at a pressure of about one-hundredth of an atmos- 
phere, and a small quantity of mercury. The exact 
amount of mercury is adjusted exactly so that the 
voltage across the terminals lies between closely defined 
limits when the lamp is fully run up and the mercury is 
completely vaporised. The electrodes, which are in- 
serted one at each end of the discharge envelope, as 
shown, at a, and ay, in Fig. 1, consist of a stick of sin- 
tered alkaline earth oxide surrounded by a heating 
coil of tungsten wire. To facilitate starting, there is 
an auxiliary electrode a3, which consists of a piece of 
tungsten wire. This wire is placed close to one elec- 
trode, and is connected through a high resistance 6 in 
the lamp itself to the other electrode. 

The fluorescent powder, which is of the zinc-cadmium 
sulphide type, is applied to the inside wall of the 
outer jacket and is thus protected from atmospheric 
contamination ; it cannot be applied to the agen 
envelope owing to the high temperature of the latter. 
For apie reason, as will be clear from Fig. 2, the 
outer jackets of these fluorescent lamps are larger than 
those of the non-fluorescent type, and are given an 
isothermal contour, so that their surface temperature 
is as uniform as possible. The actual temperature 
distribution attained while burning in free air with an 
ambient temperature of 20 deg. C. is shown by the 
diagram on the left in Fig. 2. The powder itself is 
slightly yellowish in colour, and therefore tends to 
absorb a certain amount of blue light from the dis- 
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charge. To counteract this, a little cadmium is mixed 
with the mercury. This, in addition to compensating 
for the blue light absorbed by the coating, gives some 
useful red light. This correction is, however, obtained 
at the cost of reducing the efficiency below that of the 
non-fluorescent discharge lamp of the same rating by 
some 12 to 14 per cent. 

The properties of the 125-watt and 80-watt high- 
pressure mercury-vapour fluorescent lamps are, in 
general, similar to the 400-watt pattern. Owing to the 
higher loading per centimetre of arc, there is, however, 
more red present in the light and less colour correction 
is required. It is, therefore, possible to obtain the 
additional blue light from a mixture of blue and red 
fluorescing powders. For this reason, the use of cad- 
mium, and the consequent reduction in efficiency, can 
be avoided. Owing to the higher temperature, the inner 
envelope of both lamps is of quartz instead of glass ; 
and its comparatively smal] size enables a satisfactory 
temperature distribution to be obtained with an outer 
et bulb, which is, however, somewhat larger than 
those used on the corresponding non-fluorescent types. 
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The 125-watt lamp is fitted with a screw cap and the 
80-watt lamp with a three-pin bayonet cap to prevent 
it from being inserted in a standard two-pin socket by 
mistake. 

The lamp, or arc, voltage in high-pressure mercury- 
vapour lamps is controlled by the amount of mercury 
vaporised. The value chosen takes into account a 
number of requirements, some of which are conflicting. 
A compromise has, therefore, to be made between them. 
It is desirable, for instance, to make the lamp voltage 
high in order that the choking coil may be smal] and the 
overall power factor as high as possible. There is, how- 
ever, an upper limit to the lamp voltage since, when this 
reaches a certain value, the supply voltage is no longer 
capable of maintaining the discharge and the lamp goes 
out. The voltage across the lamp must, therefore, be low 
enough to withstand any sudden drop in the supply 
voltage that is likely to occur. From the manu- 
facturing point of view, it is desirable to select such 
a lamp voltage that the lamp watts are least affected 
by any slight variations which occur in manufac- 
ture. For this reason, the lamp voltage is generally 
made as high as possible consistent with the lamp being 
capable of withstanding a sudden drop of 30 volts in 
the supply voltage. The design of the choking coil 
then has to take the spread of lamp voltages obtained 
in manufacture into account, so that the resulting 
uniformity in performance is as great as possible. 

Curve a in Fig. 3 shows the relationship between the 
lamp volts and watts for a 250-watt 230-volt lamp 
operating at its correct voltage. Curves 6 and c in 
the same figure show the relationship when the lamp 
po oorenting under 20-volt overload and 20-volt under- 
1 conditions, respectively. The full straight lines 
show the sudden voltage drop in the mains which will 
just enable the lamp to remain alight. The dotted 
lines represent the overall power factor obtained when 
the recommended condenser for power-factor improve- 
ment is used. The curves show that the lamp watts 
are practically constant for lamp voltages between 130 
volts and 145 volts. The permissible sudden voltage 
drop for the worst case (lamp volts 145) will be seen to 
be about 30 volts, while the power factor for the worst 
case (lamp volts 130) is about 0-8. 
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The lamps reach full brilliancy when the mercury 
filling is completely vaporised.. The time required for 
this to occur and for the current and watts to reach 
their final values is from 1 minute to 5 minutes, accord- 
ing to the type of lamp and the ambient temperature. 
The pressure of the mercury vapour when the lamp is 
fully run-up is about 1 atmosphere in glass-envelope 
lamps. If the current is interrupted after the lamp 
has been fully run-up, restarting will not occur imme- 
diately, but only when most of the vapour has re- 





affect the wattage (curve a), the starting and running 
currents with a 15-mf condenser (curves b and c), and 
the permissible sudden mains voltage drop (curve d). 
The variation in overall power factor with a 15-mf 
condenser is shown in curve e. Curve a, in Fig. 6, 
indicates the effect of variations in supply voltage on 
the lumen output (curve a), on the lamp watts (curve b), 
and on efficiency (curve c), for a typical 400-watt, 
230-volt lamp. 

The circuit employed is extremely simple, the only 

















condensed; normally this will take three or four | requirement being a choking coil in series with the lamp 
TABLE I. SrTarRTING AND RUNNING ELECTRICAL Data For 400-WatTr AND 250-WatTr H.P.M.V. Lamps. 
Installation Without Condensers. Installation With Condensers. 
Average Average 
Mains Running Running 
Voltage Mains and Lamp Conditions. Conditions. 
(Actual) in Use. Current and *Mains Current 
at Unit. = at -" and bess ag at ties 
tarting. ns tarting. *Mains 
Power Power 
and Lam . Current. ; 
Current. Factor. Faster. 
Amps. Watts. Amps. re ¢ Watts. Amps. |) 
200 200-210 V. 3-5 100 2-3 2-75 100 1-7 
210 250 W. 3-5 100 2-3 2-5 100 1-6 
220 220 V. 250 W. 3-25 95 2-1 2-25 95 1-4 
230 230 V. 250 W. 3-5 95 2-0 2°5 95 1-4 
sso} 240-250 V. 3-25 90 1-9 2-25 90 1-3 
250 250 W. 3-0 85 1-9 ‘ 0-55 2-0 85 1-3 \ 0-8 
to to 
200) J 200-210 V. 5-5 160 3-6 0-6 4-25 160 2-7 0- 
210f (400 W. 5-25 155 3-6 4:0 155 2-6 
220 220 V. 400 W. 5-0 150 3-4 3-75 150 2-4 
230 230 V. 400 W. 5-5 155 3-0 4°5 155 2-3 
240 240-250 V. 5-0 150 2-8 4°25 150 2-1 
250 400 W. 4°75 145 2-8 4 3°75 145 2-0 4 






































* Lamp current same as in instalation without condensers. 


TABLE Il. Srartinec anD RUNNING ELECTRICAL Data FOR 125-WatT aND 80-WatTtr H.P.M.V, Lamps. 
























































Installation Without Condensers. Installation With Condensers. 
Average Average 
Mains Running Running 
Voltage Lamp Mains and Lamp Conditions. Conditions. 
(Actual) in Use. Current and *Mains Current 
at Unit. Wattage at and Wattage at , 
Starting. ———— Power Starting. —— Power 
Current. Factor. ' Bester, 
Amps. Watts. Amps. —_- Watts. Amps. 
200 200-210 V. 1-3 35 0-85 0- 35 0-5 About 
210 80 W. 1-25 35 0-85 0-8 35 0-5 0-385 
220 220 V. 80 W. 1-25 35 0-8 0-7 35 0-45 
230 230 V. 80 W. 1-35 40 0-75 0-8 40 0-45 About 
240 ty“ aed Vv. 1-25 40 0-75 0-7 40 0-4 0-9 
250 80 W. 1-2 40 0-75 \ About 0-65 40 0-4 
0-5 
200 {Ee 7. 1-85 45 1-3 1-25 45 0-85 
210 125 W. 1°8 45 1-3 1-15 45 0-85 
220 220 V. 125 W. 1-75 45 1-15 1-05 45 0-7 0-8 
to 
230 230 V. 125 W. 1-7 45 1-1 1-15 45 0-7 0-85 
240 240-250 V. 1-6 45 1-05 1-05 45 0-65 
250 125 W 1-5 45 1-05 / 0-95 45 0-6 
* Lamp current same as in instaliation without condensers. 
TaBLe III.—TscHNIcCAL DaTA FOR 200 TO 250-VoLT FLUORESCENT LAMPS AND TUBES. 
Hae 400-Watt. 125-Watt. 80-Watt. 80-Watt Tube. 40-Watt Tube. 
Tube current, ampere o. a _ — _ 0-8 oa 
Efficiency in lumens per watt, Initial 38 40 38 35 40 
Average oo a — 30 
Final .. — _ _— — 26 
Maximum brightness of arc, candle 
wer persg.cm. .. - 7” 150 800 800 0-5 2 
Maximum brightness of bulb, candle 
power persq.cm. .. 24 ee 50 15 10 - 
Percentage red lumens 5 5 5 _ — 
Overall length, mm. .. 335 + 7-5 233 +7 178 + 5-5 Pat 8 — 
— 0-5 in. 
Light centre length, mm. 195 + 10 167 + 6 123+ 5 — —— 
Arc length, mm. - as - 150 30 20 1,445 + 10 _— 
Length of fluorescent coating, mm. . . _— — — 1,445 _ 
Diameter of outer tube, mm. ‘ 165 + 3 130 + 5 110 + 51-5 38+1°5 — 
Cap = a ae: Br sd G.E.S. .E.3. 3 Pin B.C. 2 Pin B.C. Bi-Pin 
Outer bulb AF ° Isothermal Fluorescent Fluorescent _ _ 




















minutes. Typical starting characteristics for a 400-watt 
230-volt lamp are shown in Fig. 4, opposite. In this 
figure, curves a and 6 show the overall wattage and 
lumen output, respectively, at different times after 
starting, as percentages of their final values, curve c 
the lamp voltage, curve d the power factor, curve e the 
current in the lamp leads, and curve f the mains current 
with the condenser in circuit. Tables I and II give 
electrical data regarding the starting and running condi- 
tions for the 400-watt, 250-watt, 125-watt and 80-watt 
lamps with and without power-factor condensers. It 
should be noted that the lamp current, whether con- 
densers are used or not, is the same as the mains 
current without condensers. Technical data regarding 
these lamps are givenin Table III. In Fig. 5 an indica- 


to limit the current. 


A condenser may also be placed 


across the mains to raise the power factor to the 
required value, as without it the value would only be 
0-6. The total losses in the choking coil and conden- 
ser amount only to 5 per cent. When the lamp is first 
switched on, the lamp, or arc, voltage is only of the order 
of 20 volts ; and the current passing is almost entirely 
dependent on the impedance of the choking coil. By 
suitably designing this coil, the starting current may, 
therefore, be arranged to have any one of a wide range 
of values consistent with the correct final lamp wattage. 
The use of a very high starting current must, however, 
be avoided, as this may give rise to trouble both in the 
lamps and in the cables. If, on the other hand, the 
starting current is too low, the time taken to reach 








tion is given of how variations in the supply voltage 





maximum brightness may be excessive. 





The choking coils used with high-pressure mercury 
vapour lamps are of the shell type with fixed air gaps. 
Tappings are provided at 5-volt and adjustment 
at. the works by a coil-shift method enables selection 
to be made within + 2-5 volts for practically all normal 
supplies. This gives a close control of the lamp 
wattage. In designing these choking coils, special 
care has been taken in selecting the iron circuit, the 
number of turns on the coil and the dimensions of 
the air gap in order that the currents required both 
at starting and in the fully run-up conditions may 
be obtained at all voltages. Two different types of 
choking coil are made for each wattage rating. The 
first is of the air-cooled pattern and is contained 
in a ventilated casting. The second is enclosed in a 
wax-filled sheet-steel container, and is designed to 
withstand higher ambient temperatures than the first. 
A combined fitting in which the choking coil is housed 
in a wax-filled canopy above the lamp is also made. 
A wiring diagram for the high-pressure fluorescent 
lamps is given in Fig. 7, opposite, in which a is the 
lamp, 6 the choking coil, and c the condenser. When 
there are several lamps, the condenser is placed in the 
alternative position at d. 

The overall power factor of the complete lamp, 
choking coil and condenser unit depends on the size of 
condenser used. It is usually desirable to operate 
lamps at a power factor of not less than 0-8. On a 
230-volt to 250-volt circuit this demands a capacity 
ranging from 14 mf. in the case of the 400-watt lamp 
to 5-5 mf. for the 80-watt lamp. 

(Po be continued.) 





NOTES ON NEW BOOKS. 


Installation and Care of Electrical Power Plant. By 
ENGINEER-IN-CHARGE. Emmott and Company, 
Limited, 31, King-street West, Manchester 3. [Price 
3s. 6d. net.] 


Tuts book forms one of the series entitled ‘“‘ Mechanical 
World Monographs,” so that it is perhaps appropriate 
that it should approach some of the electrical problems 
with which it has to deal from a mechanical point of 
view. This remark applies particularly to the chapter 
dealing with power-factor correction, in which a mecha- 
nical analogy between a reciprocating air-compressor 
and an alternatirg-current generator is worked out in 
considerable detail. Some electrical men have been 
known to say that they find mechanical explanations 
of electrical phenomena more difficult to understand 
than the phenomena themselves, but such individuals 
probably suffer from a too-exclusively electrical train- 
ing. The section of electrical engineering which 
this book covers is largely concerned with mechanical 
pay which is generated and transmitted electrically. 

an electric motor is running with a low power factor, 
the ultimate concern of the engineer-in-charge is either 
that it is giving less mechanical output than might 
be the case or that he has to pay more for the current 
supplied to it than might be necessary. These remarks 
do not imply that electrical machinery can be operated 
efficiently by people with no electrical training, but 
they do suggest that control by a‘ purely electrical 
man with no sound basic mechanical background is 
also likely to be unsatisfactory. Although the mech- 
anical point of view is kept in mind throughout this 
book and useful instruction about the maintenance 
and adjustment of the mechanical details of electrical 
plant is scattered throughout its pages, it is essen- 
tially an electrical treatise. Motors, transformers, 
switchgear and power-distribution arrangements are 
covered, the capacities and voltages deait with being 
such as are likely to be met with in an industrial works. 
A useful chapter, dealing with a matter on which less 
published information is available than is the case with 
some other sections of its subject, covers portable and 
transportable electric tools. In his recent report on 
electrical accidents, dealt with on page 301, ante, 
the Senior Electrical Inspector of Factories stated that 
portable electrical apparatus was the cause of 23 per 
cent of the total number of accidents arising from all 
classes of apparatus and that portable electric appli- 
ances with 50-cycle, 200-250-volt motors had the worst 
record. The information on portable tools contained 
in this book covers descriptions of the types of motor, 
connections and cables, starting switches, and protec- 
tive gear. In closing the note on this useful publica- 
tion, a negative virtue may be mentioned. Some 
electrical treatises intended for works’ executives 
begin with elementary explanations and definitions 
describing what volts and amperes are, but usually 
before the end of the first chapter introduce matter 
which must be incomprehensible to those by whom 
the introductory material is needed, This book 
does not make that mistake; it ‘assumes that the 
works’ engineer has fundamental electrical knowledge, 
and does not waste space on basic definitions. This is 
justified. Unless he has fundamental electrical know- 
ledge, the works’ engineer for whom this book is 
intended could not do his job. 
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ATOMIC PARTICLES AND 
LIGHT QUANTA.* 


(Concluded from page 480.) a 


Asourt the year 1900, the question of the nature of 
light appeared to be finally settled, although the fact 
that atomic spectra were composed of straight lines was 
responsible for some feeling of uncertainty, and the 
photo-electric effect discovered by Hallwachs in 1888 
was not easily explained by the wavetheory. The idea, 
however, was not seriously entertained that one quan- 
tity could have two different characters and that light 
could exist in the form of particles as well as waves, 
and yet it has now been conclusively proved that this 
is what actually happens and that light does change 
from the form of particles to that of waves according 
to circumstances; that is to say, light changes from 
matter to electromagnetic waves, and vice versa. 

It was M. Planck who introduced, in 1904, the idea 
of light in the form of energy quanta, that is, as 
“photons.” He showed that the energy distribution 
in the Saehapestons of a black radiating body could 
be calculated on the assumption that a body could 
take in or give out light in minute indivisible portions 
and the energy of the photons was defined by the 
celebrated equation 

e=hy, 
where v is the frequency of the light concerned and h 
is a universal constant for all kinds of light: it is 
known as Planck’s Constant, viz., 


h = 6-62 x 10-* erg sec. 


Since the frequency v of the electromagnetic waves 
can assume all values between those of radio-waves 
(10%5 to 107 hertz) and the gamma-waves (10*! to 10% 
hertz), an indefinitely fine gradation must be assumed 
for the photons, the mass of any one being given by 
the equation 

hyv=me?. 


A simple calculation will show that, for a wave of 

cy v= 1-24 x 10” hertz, that is, of wave- 
length ) = 2-2424 x 10-'° cm., the mass m is exactly 
the same as that of an electron, viz., 


m = 9-11 x 10-* gm. 


This mass m is the mass of the photon moving with the 
speed of light. A photon, therefore, cannot possess a 
static mass, otherwise, at the speed of light, this would 
unquestionably become infinite. 

Considering, now, the three phenomena which are 
particularly convincing as demonstrations of the exist- 
ence of light quanta. Firstly, the “‘ photo-electric 
effect ’ that is, the fact that light can release electrons 
from matter (see Fig. 7), opposite. The characteristics 
of this effect which required explanation were as follows. 
(i) In order to release electrons a minimum frequency 
is necessary, the value of which is different for different 
substances, (ii) The higher the frequency, that is, 
the shorter the wavelength of the incident light, the 
greater the speed at which the electrons are ejected. 
(iii) The emission velocity is quite independent of the 
intensity of the irradiating beam. (iv) The energy 
required for the release of an electron is point-concen- 
trated, even for an irradiating beam of low intensity. 
In 1905, Einstein showed that all these requirements 
could be explained in a surprisingly simple way, a3 
follows: when a light quantum impinges on an 
electron, it yields up its energy to the electron, in 
consequence of which the electron acquires such a 
high velocity that it is able to overcome the electric 
attraction of the positive part of the atom and thus 
escapes at a high speed. The energy equation for this 
effect is as follows. 

Energy of light quantum = (kinetic energy of the 
electron) + (energy required to take the electron across 
the boundary of the material), or 

hv = (4mv* + eV) ergs. 

In this equation, V is the potential difference which 
the electronic c to overcome (i.e., the contact 
potential). Itis at once seen that the controling factor 
on the left-hand side of this equation is the frequency v. 
The smaller the value of this cy, the less will be 
the speed of emission and when the energy of the 

tum reaches a certain minimum value, the velocity 
of emission becomes zero, that is to say, the electron 
can no longer escape. A most interesting consequence 
is that, by means of the foregoing fundamental equation 
of Einstein, the exact value of Planck’s constant A can 
be derived. 

The foregoing relationship has been proved to be true 
not only for visible light waves, but also for all fre- 
quencies of electromagnetic waves up to those of 
X-rays and y-rays. For example, it makes possible 
the calculation of the speed of cathode-rays when they 
are slowed down by their passage rb a screen or 





* Translation of article by Professor H. Greinacher, of 
Berne, published in the Schweizerische Technische Zeit- 


layer of matter. It is, in fact, applicable to the very 
highest frequencies, viz., those which give rise to the 
release of the atomic nuclei photo-electric effects, that is 
to say, it applies to nuclear reactions by means of 
photons to which further reference is made below. The 
reverse process is also covered by Einstein’s equation, 
that is, the release of light quanta by the bombardment 
of matter, a notable example being the generation of 
X-rays by the impact of cathode-rays on the anti- 
cathode of an X-ray tube. The energy of the X-ray 
quanta cannot have a greater value than the energy 
which an electron can release. Thus, if the potential 
applied to an X-ray tube is V;, the energy of the electron 
will be e V; electron-volts. This leads to the maximum 
value of the frequency vr of the release light quanta, 


viz., 
e Vr =h Vr. 

The contact-potential term in the Einstein equation 
need not be considered in this case, because of the 
immensely high value of V;. It is noteworthy that, by 
means of the limiting frequency »v;, the correct value 
for Planck’s constant A can again be derived. With 
regard to the units which are commonly used for the 
Einstein energy equation, viz., for the quantities 

hv; ¢mv*; andeV, . 
these are not usually expressed in technical units, viz. 
joules, since the quantities involved are numerically of 
immensely smaller magnitude than the joule. The 
unit generally employed is the “ electron-volt” e V, 
that is, the energy which the electron charge ¢ will 
acquire on falling through a potential difference of one 
volt. This energy is easily shown to be* 


1 electron-volt = 1e V = 1-6 x 10-* coulomb-volts, 
i.e., watt-seconds or joules, 


so that all results which are obtained in electron-volt 
units must be multiplied by this quantity to reduce 
them to joules. The energy of one light quanta of the 
yellow sodium line, for example, amounts to 
2-1 eV, that is 3-35 x 10-?* joule, 
while the light quanta of the emanations of Th C” is 
2-8 MeV = 2:8 x 108e V = 4-48 x 10-'* joule, 


and this defines the highest value of the frequency of 
an X-ray tube having an applied pressure of 2-8 million 
volts. 

next to the consideration of a further 
reaction of elementary particles, viz., the Compton 
effect (1922), which describes the effect of the impact 
of a photon on an electron (Fig. 8, opposite). In so far 
as the energy of the photon becomes reduced, the energy 
of the electron will be increased. The photon energy h v 
therefore becomes transformed into a smaller value, 
and this means that the wavelength of the light is 
increased. According to the eccentricity of the impact 
of photon and electron, so will be the respective direc- 
tions in which they fly off. If the photons all travel 
towards the electron in the same direction, the disper- 
sion due to the impact will acquire all ible values. 
What is of special interest is the change of wavelength 
AA, which is observed for the different values of ¢ 
from 0 deg. to 180 deg. This change of wavelength 
is easily derived from the two fundamental theorems 
of the conservation of energy and the conservation of 
momentum of elastic impact. The energy of the 
photon is given by the product A v, and for the momen- 


tum mc by the expression “ ,sincehvy=mc*. The 


Compton displacement for any angle ¢ (Fig. 8) is, 
AA= si sin? $ 

mc 2 
and is thus independent of the wavelength of the 
incident light. For ¢ = 90 deg., therefore 


h 
A Ago deg. = me 
and, substituting the mass of an electron for m, that is, 
m = 9-11 x 10-8 gm., it follows that, 


A Ago deg. = 0°02424 x 10-8 cm. 


This expression is known as the ““ Compton wavelength” 
and corresponds exactly to the case previously consi- 
dered in which the light-quantum has the same energy 
as an electron at rest. Since AA expressed as a 
percentage is an appreciably large quantity, the 
investigation must be carried out with very short 
waves, that is, with X-rays. The use of very short 
waves has the further advantage that the displacement 
can be examined by means of the electrons of the lighter 
atoms rather than on free electrons, and the energy 
of attraction can then be neglected. Not only has the 
angular relationship with AA been fully confirmed 
by experiment, but it has also served to determine 
the value of Planck’s constant h. 

The point-concentration of light as quanta appears, 
perhaps, in its most striking aspect when their impact 





* See also ENGINEERING, vol. 156, pages 201 and 223, 


on atomic nuclei is considered. Here, also, as in the 
photo-electric effect, it is not the intensity but the 
wave frequency which determines whether @ reaction 
will be produced or not. Two t of reaction ar 
known as follows: (i) that of the nucleus photo. 
effect, as discovered by Bothe and Gentner in 1937, 
viz., that light quanta can produce nuclear reactions 
which will result in the emission of elementary particles, 
On account of the very large magnitude of the nucleus 
cohesion forces, very high-frequency waves must be 
used for this purpose. In most cases it is necessary 
to use artificially produced ultra-hard y-rays, those 
produced in nature, e.g., T h C’, for example, emit waves 
of only about 2-8 Me V energy. (ii) The second kind 
of effect of the impact of a light quantum on an atomic 
nucleus (to produce which an amount of energy at 
least equal to one Me V is necessary), is of a quite 
remarkable kind. It produces an astonishing Novum ; 
the light-quantum disappears and, in its place, there 
appears a positive electron and a negative electron 
which, together, take over almost completely the 
energy of the quantum (Fig. 9, opposite), and move off 
in the direction of impact. That is to say, the wave dis. 
appears and matter appears in its place. This creation 
of twin electrons was observed by Anderson in 1932, but 
was first photographed in the Wilson cloud-chamber by 
Joly and Curie, in 1934. It will be seen in Fig. 9 that 
from one point in the magnetic field two strong cloud 
traces are formed, which bend away in opposite direc- 
tions. The mass-energy concentrated in the two 
electrons is 2 mc? and the h v magnitude of the y-rays 
or the X-rays used must have at least this value; 
indeed, it must be a little greater because, in accord- 
ance with the law of the conservation of energy, the 
kinetic energy of the electrons must also be provided 
for, and consequently, one M e V is the least amount of 
energy required. Since their discovery by Anderson, 
such twin-electrons have been frequently observed, 
either separately orin showers. Such a shower is shown 
in Fig. 10, opposite, and was produced by the ultra-high 
frequency y-rays found in the cosmic rays and due to 
the impact of these rays on heavy atomic nuclei, such 
as those of lead. This phenomenon is an exhibition of 
the most intense localisation of energy and involves 
energy-quanta of the order of many billions of electron 
volts. 

The question now arises what may be the fate of such 
an electron pair. As regards the negative electron, 
its subsequent career is not of any particular interest. 
It may, for example, be caught by a positive ion of 
gas and thus produce a neutral atom or molecule ; or 
insert itself into the electron shell of an atom or molecule 
and produce a negative atom; or remain alone and 
unattached. In the case of the positive electron, 
however, its subsequent career is quite different ; 
this particle does not find an electron of its own kind 
and it very quickly impinges on a negative electron. 
A puzzling sequence then occurs, because not only do 
the two electron charges neutralise each other but 
they disappear altogether and the energy of their mass 
becomes transformed into electromagnetic waves, 
that is to say, matter becomes transmuted into waves. 
This also explains why it is that positrons have such 
an exceedingly short life. Since the two electrons 
together have no momentum, the consequent annihilat- 
ing waves can have no momentum, so that photons 
are produced travelling in opposite directions, each 
with an energy of =}MeV. This peculiar property 
of the annihilating waves can be very convincingly 
demonstrated experimentally, and, in fact, is accepted 
as the criterion for the presence of protons. 
Summarising the conclusions drawn from the fore- 
going survey, it may be said that, in the structure of 
matter and in the processes of atomic disintegration 
certain minute particles are involved. These particles, 
however, do not all represent unchangeable entities ; 
even the electron, which appears to be the most stable 
of them all, can be transmuted. As a result of the inter- 
action of these particles, light acts as though it were 
corpuscular and, in fact, photons and elementary 
particles can change into one another. They are not 
to be considered as quantities of different kinds but 
rather as two different aspects of the same phenomenon, 
and, consequently, it may be said that matter can 
exist either as normal matter, or as electromagnetic 
waves. The former condition is characterised by the 
fact that the corpuscles possess a static mass; that 
is to say, they can exist (at least in part), at rest, 
as electrons, protons, and neutrons; the latter condi- 
tion is characterised by the fact that they have no 
static mass, t.e., no weight, but only inertia mass, 
and they always move with the speed of light. It is 
not appropriate, therefore, to regard a photon as a 
structural unit of sensible matter, even though it is 
in corpuscular form. This close relationship between 
radiation and matter leads to a further question : 
radiation exhibits a definitely dual character and 
exhibits itself as corpuscules or waves according 
to the particular phenomenon which is being observed. 
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(1943). 





It is therefore natural to inquire whether the structural 
units of the atom, which are always regarded as cor- 
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ular, may not, in fact, be ahle to assume the 
character of waves. At first sight the possibility of 
this does not appear to be very great, because the 
pehaviour of the elementary particles, in all cases, 
corresponds to the well-known and firmly established 
structure of the world. All the more astonishing then, 
was the discovery by Davisson and Germer (1927), 
that matter in its most finely divided state can exhibit 
wave properties. Electrons, when sent through a 
thin layer of crystal powder, showed diffraction effects 
of the well-known bye-Scherrer experiment with 
X-rays (Fig. 11). In this way, the dual character of 
elementary particles, and consequently, of matter, 
was demonstrated for the first time. This result also 
provided a confirmation of the wave-mechanics 
principles of L. de Broglie (1924), according to which 
particles may be considered as a concentration of 
energy in wave-field#. They correspond, for example, 
to the tremulous tones which are well-known in acou- 
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Fic. 9. TRANSMUTATION OF LIGHT QUANTUM INTO 
POSITRON AND ELECTRON. 


stics as being due to the interference of two almost 
equal notes, but whereas, in the case of the acoustical 
phenomenon, the points of energy concentration always 
travel with the speed of sound, the propagation speed 
of the “‘ material waves” can assume any value. 
This result corresponds to the fact that, two such waves 
with slightly different frequencies also possess slightly 
different speeds of propagation. According to this 
difference, the wave-packets, or wave-groups, move off 
at different rates. If the particles are identified with 
the wave-groups, then the speed is the same as that 
of the wave-groups, and this again depends upon the 
so-called dispersion which moves with the phase speed. 
The following equation must then be satisfied, 
so= ct, 

where u is the phase speed, v the s of the icle, 
and c the speed of light, and since a it px Lay that 
the “‘ material waves ”’ have a speed greater than that 
of light. Further, the wavelength is given by the 
expression 


h 


A= — 
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and since h is extremely small, the ‘‘ material waves” 
are, in general, so small that they are not within the 
threshold of observation possibilities. Only in the case 
of the most minute momentum m v can the wave nature 
of matter be made evident. For purposes of recording, 
however (for example, by photographic means), the 
velocity must not be too small, and consequently the 
particle must be as light as possible. Even in the case 
of electrons, however, the associated ‘“‘ material 
waves ”’ are ultra-short, that is, in the range of X-rays, 
and the evidence of their existence can be obtained by 
means of crystal diffraction effects; results have even 
been obtained with hydrogen and helium nuclei. 

It will be readily understood that the conception 
of ‘‘ material waves ” and the consequent development 
of wave and quantum mechanics have had a profound 
influence on the interpretation of the elementary atomic 
particles. For the purpose of the present article, 
however, only the fundamental particles are con- 








Fic. 10. Twtn-ELectron SHowers PRODUCED 
By Cosmic Rays. 







Fig. 11. Desyse-Scuerrer ExpERIMEntT, SHOWING 
Dua CHARACTER OF PARTICLES, 


cerned, the fine-structure of matter being outside the 
scope of this survey. It is sufficient to know that 
matter does, in fact, exhibit a dual character, and in 
this respect behaves in the same way as light, so that 
the foregoing references to the relationship between 
radiation and matter appear to be of far-reaching 
significance. 





Hoses AND SELF-SEALING COUPLINGS.—Messrs. Auto- 
motive Products Company, Limited, Tachbrook-road, 
Leamington Spa, have sent us a booklet describing and 
illustrating in detail the seal-sealing coapling and hoses 
manufactured by them for purposes in which a pipe joint 
has to be broken without preliminary draining. The 
range covers five types of coupling and hose, the low- 
pressure type being suitable for a maximum pressure of 
between 400 lb. and 900 Ib. per square inch, according to 
bore, and the super high-pressure type being suitable for 
@ maximum pressure of between 3,000 Ib. and 4,000 Ib. 
per square inch. 





GeEarR-ToOTH GAUGING DatTa.—We have roceived from 
Messrs. E. H. Jones (Machine Tools), Limited, Edgware- 
road, The Hyde, London, N.W.9, a sheet giving the 
chordal thicknesses and chordal addenda of spur and 
bevel gears of 1 diametral pitch at pitch circle, when the 
addendum is standard for full depth teeth. Directions 
are given for ascertaining these values from the table 
for any other diametral pitch. The table covers gears 
having from 5 to 156 teeth and the values have been 
calculated by the National Physical Laboratory, The 
table is issued in connection with the Gray gear-tooth 
verniers with pressure-limiting device, for which fostru- 
ments Messrs. E. H. Jones are the sole agente. 








_ 503 


GERMAN TRANSFORMER AND 
MOTOR DESIGN, 


Tue Final Report No. 600, Item 31, which has 
been prepared by the British Intelligence Organisa- 
tion Service and published by H.M. Stationery 
Office, contains some interesting information about the 
design and production of transformers and motors in 
Germany. It is not so complete as could be desired, 
since many records have disappeared and several of 
the large factories have been either destroyed or 
evacuated. 

As regards transformer design, significant features 
are the common use of low-loss magnetic steel sheet 
and the high current densities employed. Four grades 
of magnetic steel, containing about 4 per cent. of silicon, 
together with unknown percentages of cobalt and 
manganese, are generally utilised. The average 
current density is 2,400 amperes per square inch and, 
except for special requirements, a temperature rise of 
60 deg. C. with an ambient temperature of 35 deg. C. 
is the accepted practice. To ensure satisfactory 
operation at these temperatures, special methods of 
impregnation have been adopted. The wound coils 
are given a fairly thick coating of glue, to provide some 
mechanical stability and to act as a protection. The 
complete transformer unit, including the conservator 
system, is then placed in a vacuum tank, which is 
equipped with electric radiators. Baking is carried 
out at a temperature of 120 deg. C. and a vacuum of 
28 in., for two to four hours. Clean oil is then admitted 
to the tank from a centrifuge and the baking is con- 
tinued for another one or two hours. By this method, 
it is claimed, the life of the oil is prolonged. In fact 
it is stated that an average of 15 years’ continuous 
operation, with occasional 120 to 130 per cent. over- 
loads, is common in practice. 

Laminations for motors are punched with an insulat- 
ing medium, —s of a single layer of paper 
0-031 mm. thick, affixed to one side of the sheet. is 
is said to give an increase of 4 to 5 per cent. in efficiency, 
compared with standard practice. Squirrel-cage rotors 
up to 25 a are usually die-cast in aluminium alloy, 
the bars, end rings and fans being cast in one piece. Up 
to the 15-h.p. size, a gravity-fed centrifugal caster is 
used for this purpose, while for the larger sizes vertical 
pressure die-casting is employed. 








ANNUALS AND REFERENCE BOOKS. 


Aircraft Engines of the World, 1946.—This useful refer- 
ence book, which is edited by Mr. Paul H. Wilkinson, 
is now divided into three parts, dealing, respectively, 
with reciprocating aero-engines, aircraft gas turbines, 
and a summary of both t , arranged by their coun- 
tries of origin and also alphabetically. Parts I and IT 
are prefaced by short introductions defining the terms 
used in the tabular descriptions and indicating the 
principal characteristics of engine design and develop- 
ment in the different countries represented. A helpful 
feature is that all the data are given in both English 
and metric units. Part I deals with 104 reciprocating 
engines, of which 67 per cent. are stated to be new 
to the present edition, which is the fourth. German, 
Italian and Japanese engines are not included, which is, 
perhaps, unfortunate, since certain German types are 
still in use—for instance; in Ju.52 and F.W.200 aircraft. 
Each engine is illustrated, and the accompanying data 
sheet outlines its salient points of design and construc- 
tion, and lists the principal accessories. The specifi- 
cations given are fairly comprehensive, and power 
ratings are quoted for take-off, maximum-climb and 
cruising conditions ; but the warning may be given to 
use care in interpreting the definitions of “ combat” 
and “ normal ” rating, which do not always correspond 
with the British standard definitions. Part II covers 
pure jet engines, propeller turbines, and impulse ducts, 
and includes 20 complete engine specifications. Among 
them are al] the officially released British and American 
t and also the German F.G.Z.-76 impulse duct and 
the Walther H.W.K.509 rocket motor. Overall dimen- 
sions are given, together with specific and net weights, 
power ratings, and fuel consumptions. Mr. Wilkinson 
has produced a compilation of high quality, especially 
notable for the amount of information it contains 
on gas turbines. It is published by Sir Isaac Pitman 
and Sons, Limited, Parker-street, Kingsway, London, 
W.C.2, and the price is 45s. net. 





THE WORK OF THE CIVIL ENGINEER IN THE WAR.— 
Sir William Halcrow, in his presidential address to the 
Institution of Civil Engineers on November 5, stated 
that the Council are arranging a conference, to be held 
in June, 1947, at which papers describing the work of 
the civil engineer in the war will be presented, and 
discussion invited. The subjects will include airfields, 
railways, roads, bridges, docks, harbours—especially 
“* Operation Mulberry ’—structures (including demoli- 
tions), and properties of materials. After the conference, 





the papers will be published in book form. 








504 


ENGINEERING. 





Nov. 22, 1946, 





one: =. 





** ENGINEERING ”’ ILLUSTRATED 
PATENT RECORD. 
ABSTRAOTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE AOTS OF 1907 TO 1939. 

The number views given in the Specification Drawi 
dp wpm yt ay where none is mentioned » the 
Specification is not illustrated. 

Where inventions communicated from abroad, the 
oe etc., of the Cc Communicators are given in italics. 

of S& i y &, Sige at the Patent 


sake Gre "2, Buildings, 
"Bice Sales W.C. A yy 1s. each. 


| date ofthe eneaiiae of the . oy" o~ of a 
‘omplete is aon aor Se abstract in 
" been sealed, when the 


20h the" advertisement at any ame within too oe on rom the 
pA ggg AS 
fice a B Patent OF E 
Specthcation the “grant of a . hy ys 
opposition to, the grant 


ELECTRICAL APPARATUS. 


579,527. Welding Electrode. Mallory Metallurgical 
Products, Limited, of London, and N. A. Tucker, of 
London. (3 Figs.) May 17, 1944.—For cooling pur- 
poses, electrode tips are usually drilled with an axial 
hole. Into this hole coolant is forced through an inlet 
tube, impinging on the bottom of the hole and being 
reversed to flow back and out of the holder. The space 
at the bottom of the hole is confined, and turbulence 
arises causing poor contact between the coolant and the 
walls of the electrode tip, and reducing the cooling effect. 
The object of the invention is to overcome this defect 
and to provide an enhanced cooling effect in a simple 
manner. The electrode holder consists of a tubular 
body 1 fitted with an electrode tip 2. The tip is exter- 
nally tapered to fit a tapered part at the lower end of the 
holder body. The coolant for the electrode tip is sup- 
plied through an inlet tube 4. The coolant enters the 
inlet tube from a Jateral branch of the holder. The 
coolant after use in cooling the electrode tip, rises through 
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the bore of the holder about the inlet tube and passes 
away by a lateral exit branch. The tip 2 is drilled with 
an axial cooling hole into which the lower end of the 
coolant inlet tube projects. An annular curved-bottom 
groove is cut in the bottom of the hole, leaving a central 
conical projection. The coolant entering by the inlet 
pipe will be forced by the conical projection, on emerging 
from the inlet tube, to flow radially outwards in the hole 
and then back into the bore of the holder round the 
inlet tube. This effectively cools the tip in a simple way. 
The inlet tube is externally screw-threaded.and a closely- 
wound coil spring 16 is screwed on toit. By turning the 
spring on the thread, the length of the inlet tube can be 
adjusted to bring the discharge end close to the conical 
projection. The lowest turn of the coil spring 16 is bent 
at right-angles and turned back to prevent shutting off 
of the coolant, should the spring be unscrewed too far. 
(Aceepted August 7, 1946.) 


INTERNAL-COMBUSTION ENGINES. 


580,354. Fuel-Injection Pump. F. Haut, of London, 
and W. Friedlander, of London. (2 Figs.) August 10, 
1944.—The pump allows accurate dosage of the fuel 
injected in exactly equal quantities for all cylinders of a 
multi-cylinder engine, and the accurate timing of the 
injection. The pump shaft 2 is carried in the body of the 
pump by radial and thrust ball bearings. The shaft 
carries at its inner end a cam which has a single axial, 
protrusion 5a. A cup-shaped member 6 is held in 
position in the body by a split ring. Slide members 
guided in holes‘in the base of the cup-shaped member 
carry rollers 10 which run on the cam surface. The lid 11 
of the pump body is held in a position to give a liquid- 
tight fit against the cup-shaped member 6. Pump 
barrels 12 are located in the lid 11 above the slide mem- 
bers. The barrels are held in position by screwed sockets. 
Spring-loaded non-return valves 14, housed inside the 
sockets, are retained there by the adaptors 15. Each 
non-return valve is seated against a bore leading into 
the end face of a barrel 12. A circular recess around 
each barrel head is connected, through a duct 17, with 
the interior of the lid 11 and, through ducts 18, with the 
interior of the barrel head. A plate 19 carrying 


sleeves 21 can be shifted axially by an operating rod 20. 
A close-fitting plunger 24 slides in each barrel 12 and 
sleeve 21. Between the lower head of the plunger and 
the end face of the sleeve 21, a coiled spring forces the 
head into contact with the slide member. There is a 
central bore and a cross bore 24c in each plunger 24. A 
nipple connects the interior of the lid 11 with the fuel 
supply, and the adaptors 15 are connected with the 
injectors in the cylinders of the engine. When the roller 
10 bears on the flat part of the cam surface, the inlet 
ports 18 communicate with the interior of the barre] 12, 
and the non-return valve 14 rests on its seat. When the 
roller 10 starts to ride on the sloping-up portion of the 
cam 5a, the piston head blocks the inlet ports 18 while 
the cross bore 24c is still in the sleeve 21. The plunger 
forces the liquid against the non-return valve 14 which 
is lifted off its seat and delivery of fuel begins. As 
the roller 10 continues riding up the cam, the cross 








bore 24¢ clears the edge of the sleeve 21, allowing the fuel 
to escape from the barrel 12 through the longitudinal 
bore and the cross bore 24c back into the interior of the 
lid 11. The delivery period ends and the non-return 
valve 14 is returned to its seat. When the roller 10 is 
on the downward slope of the cam 5a, the piston clears 
the inlet ports 18, and the cross bore 24c passes into the 
sleeve 21. Fuel is sucked from the interior of the lid 
11 through ducts 17, 18, into the barrel. As the shaft 
2 rotates, the cam 5a operates each piston in succession. 
The cup-shaped member 6 can be turned about the 
central axis to alter the timing. The plate 19 can 
be shifted by the operating rod 20 so that the position 
of the sleeves 21 and the moment of covering and uncover- 
ing the cross bore 24c is altered. The length of the 
delivery period of the individual pumps can be controlled 
uniformly. (Accepted September 4, 1946.) 


RAILWAYS AND TRAMWAYS. 

580,198. Axlebox. British Timken, Limited, of Bir- 
mingham, and C. A. Bowen, of Birmingham. (8 Figs.) 
March 2, 1945.—The invention is a built-up welded 
axlebox which obviates the use of cast metal, reduces 
the necessity of machining to a minimum, and ensures a 
strong and rigid but comparatively light structure. The 
axlebox body consists of an interior tubular housing 1 
to house and support the bearings. Welded to the ends 
of the housing are wide vertical end plates 2, and between 
the end plates are vertical side plates 3, main liner 
plates 5, and cheek liner plates 6. The liner plates are 
spot welded to the side plates and end plates. The 


























(00.108) 
bottom of the box is completed by a plate which is 
fitted between the end plates and beneath the side 
Plates. The side plates are braced to the housing by 
four gusset plates. The end plates are connected together 
and joined to the housing by longitudinal hollow tie-bars 9 
of half-round section. The hollow tie-bars house bolts 
for securing the end caps. The use of hollow tie-bars 
obviates the drilling that would be necessary in a cast 
box and prevents possible damage to the bolts which 
would otherwise be exposed. In building up the axle- 
box, the housing end plates, side plates, and gusset 








plates are first assembled with the aid of locating 





ee 
rods which are passed through holes in the end Plates, 
and the parts are welded together while so located. ‘The 
hollow tie-bars are then welded in place and the bottom, 
is welded to the side plates and end plates. The top ot 
the axlebox body is completed by a balance beam 
consisting of transverse front and back recessed mem. 
bers 13 of channel shape in plan, seated upon and weldeq 
to the housing and also welded to the inner faces of 
spaced projections on the end plates. A longivuding) 
member 15 is welded to the members 13 and to the 
housing. In the lower part of the axlebox, the gusset 
Plates form an enclosed oil chamber with the bottom 
plate, and openings 17 provide for the circulation of oj 
through the chamber and through the bearings in the 
housing. (Accepted August 29, 1946.) 


MISCELLANEOUS. 

579,908. Vegetable Peeling and Cleaning Machine, 
The Hobart Manufacturing Company, Limited, of New 
Southgate, and H. R. Hetherington, of New Southgate, 
(1 Fig.) May 18, 1944.—The machine is compact and 
houses a peel strainer which is readily removable for 
emptying. The machine consists of a tubular hopper | 
mounted on a pedestal consisting of a tapered cylindrica] 
base 2 and a hopper support 3. The base 2 has an 
internal peel trap housing which contains the strainer 5 
and has a drain outlet. The base also houses the electric 
motor which is vertical and drives, through spur gearing, 
a@ vertical shaft 12 upon which is mounted a disc-like 
turntable 13 with an abrasive surface. To reduce noise 
in operation, the gearing is of the fabric type. The turn- 
table is near the lower end of the tubular hopper 1 and 
below a central hole 15, through which vegetables are 
fed into the hopper 1. While the machine is in use, the 
hole 15 is closed by a loose lid having a fingerhole. The 
hole is at the base of a conical chute and is partly sur- 
rounded by a fence to prevent the vegetables dropping 
over the back of the machine during feeding. The surface 
of the turntable is a coating of abrasive and has a series 
of undulations to turn the vegetables over and prevent 
any one part being subjected to more than its due share 
of abrasive action. The cylindrical wall of the hopper 
has internal flutes to assist in turning the vegetables. 
A clearance gap between the periphery of the turntable 























(579,908) 


and the inner fluted wall of the hopper allows the peelings 
and other refuse removed from the vegetables to be 
flushed away by the flushing fluid, which enters the upper 
part of the hopper through a pipeline attached to the 
tapped inlet hole 24. The flushing fluid carrying the 
refuse drops through the trough-like hopper support 3 
and into a spout 27, which directs it into the perforated 
strainer 5 but allows the flushing fluid to drain off through 
the drair outlet. A readily detachable transparent door 


in the outer wall of the pedestal base 2 affords access to 


the peel-trap housing in which the strainer 5 stands so 
that the strainer can be removed for emptying. The 
hopper 1 can revolve upon the hopper support 3 so as 
to permit the discharge door 35 for the peeled and cleaned 
vegetables to occupy any desired position. The hopper 1 
can be securely fixed in a selected position by quick-acting 
clamps. The hopper support 3 has a central gear 
housing 40 with a conical roof. The door 35 is pivoted 
from the hopper1. A hand grip is used to close the door 
so that the resilient joint ring in the roll edge of the door 
is jammed on to the lip surrounding the door opening to 
provide a fluid-tight joint. A delivery chute is formed 
around the bottom and sides of the opening. In use, the 
flushing fluid is turned on, the motor started to rotate 
the turntable, and the vegetables are fed into the hopper. 
When the vegetables are peeled, the handgrip is swung up 
to open the door 35 while the turntable is still rotating so 
that the vegetables are automatically discharged through 








the discharge opening. (Accepted August 20, 1946.) 
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DEVONPORT DOCKYARD, 
1917-22.* 


By Enoinerer Captain Epaar C. Smits, 
O.B.E., R.N. 

THERE are two subjects of great technological 
interest awaiting an enthusiastic research student : 
one, the rise and decline of shipbuilding at Rother- 
hithe, Blackwall, Northfleet, and other places on 
the Thames, including the work done at the Royal 
Dockyards at Deptford and Woolwich; the other, 
the history of the seven home Dockyards them- 
selves, namely, Woolwich, Deptford, Sheerness, 
Chatham, Portsmouth, Devonport and Pembroke. 
Bound up with the national fortunes, the story 





* The previous article in this series appeared on page 
73, ante, 
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of these Royal establishments throws light on many 
social, industrial and technical problems, and 
probably surpasses in interest the records of any 
other public or private concern in the country. 
Portsmouth appears to have been a scene of naval 
activity as early as the reign of King John, but the 
Dockyard of to-day, like those at Woolwich and 
Deptford, was founded in the reign of Henry VIII, 
when, for the first time, vessels were built as fighting 
ships. Chatham Dockyard was founded in the 
reign of Queen Elizabeth, Sheerness in that of 
Charles II, and Devonport (originally Plymouth 
Dock) in the early years of William and Mary. 
Pembroke Dockyard, first situated at Milford 
Haven, came into existence about a century later. 
The history of the Dockyards thus extends over a 
period of 400 years, and, in view of the many works 
which have been written about the Royal Navy, it 


the task of tracing the growth of the Dockyards as 
naval workshops and great civil engineering under- 
takings, or the part they have played in the con- 
struction and maintenance of our fleets. There is, 
no doubt, ample material for such a historical review 
in the Admiralty Library, the Public Record 
Office, the National Maritime Museum and other 
collections. The subject is one which certainly 
deserves to be rescued from the neglect of the past. 
In the early years of my naval service, I saw 
more of Chatham and Sheerness yards than of the 
others, but I had a passing acquaintance with 
rt yard in 1895, was there a good deal 

during 1908-10, and for my last five years on the 
active list was on the staff of the Engineer Manager. 
As I continued to reside in the district for two years 
after retirement, I became familiar with all the three 
towns, Plymouth, Stonehouse and Devonport, 





is not a little surprising that no one has undertaken 


PPI cnt 


DS RS 


BRAS 











now amalgamated in the city of Plymouth. Mors 


SreS nite 
Bees oe 


a mere? 


than once I have revisited old haunts, but not since 
the air raids destroyed so many well-known land- 
marks. If I returned now, it would be only to find 
the centre of Plymouth unrecognisable, Fore-street, 
Devonport, a mass of ruins, and much damage 
all around ; but I could still take my way from my 
old house in Stoke up Waterloo-street, along Trafal- 
gar-place, past Nelson-gardens and down the Albert- 
road, and so through the main gateway at Keyham 
to the main offices in which I worked from January 
20, 1917, to May 22, 1922. The approaches to 
Devonport Dockyard and its offshoot at Keyham are 
not so inviting as those to the yards at Chatham 
and Portsmouth, but the gateways have that 
architectural dignity proper for old and famous 
national establishments. 

Devonport Dockyard comprises two yards, 
generally referred to as the South Yard and the 
North Yard, the first being in Devonport itself 
and the other at Morice Town and Keyham. The 
whole was built in three sections, the original yard 
being laid out not long after the Dutch Wars, 
while the first part of Keyham Yard was built, 
during 1846-53, to enable the steadily-increasing 
number of steam-driven ships to be dealt with, 
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The newer portion was constructed during 1895- 
1905, when all the yards were enlarged to accommo- 
date the fleets brought into being by the Naval 
Defence programmes of 1889 and 1894. Searching 
for a plan of Devonport yard as it was in earlier 
times, I went through the 300 or so drawings 
preserved at the Science Museum, which once 
belonged to that admirable public servant, Simon 
Goodrich, to whom I have previously referred. 
There are two papers by Mr. E. A. Forward, in the 
Transactions of the Newcomen Society, on Goodrich 
and his work as an engineer, and a list of the draw- 
ings; but it came as a surprise to find hidden 
away such a wealth of material relating to the 
dockyards just when steam and machinery were 
being introduced on an extended scale. 

Fig. 1, on page 505, is an example of what is to be 
found in the Goodrich collections. It is a plan of 
Devonport yard made about 1802. The entrance 
to the yard from Fore-street can be seen in the left- 
hand top corner and below it the chapel, and lower 
still, to the right, the Terrace, fine stately official 
residences, but now all gutted. The centre house 
was that of the Commissioner, and on either side 
dwelt the Clerk of the Cheque, the Clerk of the Sur- 


but the work of Newcomen and Smeaton, to say 
nothing of Watt, apparently made no appeal to 
the Navy Board, who were then responsible for the 


Dockyards. 

The South Yard has always been a shipbuilding 
and ship-repairing yard, and it remains so to-day. 
It has undergone many alterations, but its area of 
about 70 acres is the same as it was in Goodrich’s 
day. It was the great extension of the steam Navy 
a century ago which led to the laying out of the new 
yard at Keyham, half a mile or so to the north. 
Plans for this yard were drawn up in 1844, the 
Duchy of Cornwall receiving 2,200]. for the “‘ mud- 
land ” or foreshore of the Tamar. Work was begun 
in the following year, but the official foundation 
stone, in the west side of the basin, was laid on 
September 12, 1846, by the Earl of Auckland, 
then First Lord, in the presence of as distinguished 
@ company as ever graced the launch of a battleship. 
The Times recorded the proceedings at length and 
said that coins of the realm were enclosed in the 
stone; but to-day the position of this hidden 
wealth cannot be found. 

A sketch of the cofferdam for the reclamation 
work is given in the Awutobiography of James 
Nasmyth, who had a particular interest in its con- 
struction. He had just supplied one of his steam 
hammers to Devonport yard, and the impression 
made by this machine suggested to the contractors 
at Keyham that steam might be used for pile driving. 
Nasmyth had thought likewise, and in next to no 
time set up his steam pile driver on the cofferdam. 
He records with evident satisfaction that his machine 
“‘ showered down blows at the rate of 80 a minute 
and in the course of four and a half minutes my 
pile was driven to the required depth. The men 
working at the ordinary machine had only begun to 
drive. It took them upwards of twelve hours to 

te the driving of their pile. Such a saving 
of time in the performance of similar work by steam 
versus manual labour had never before been wit- 
nessed. . . .” No wonder there were cheers by 
the onlookers ! 


* Figs. 1 and 3 are reproduced by permission of the 





CHAIN PUMPS AT DEVONPORT DOCKYARD. 














The area of the new yard was 54 acres. It in-| originally had recesses in it so that a paddle-wheel 
cluded two basins and three dry docks, and buildings | vessel could be docked with all her floats in place. 
in the form of a quadrangle which formed |The Queen was docked on October 7, 1853. In 
the Steam Factory. I was told by the late chief | 1846, when Alexander Laurie became chief engineer 
constructor, C. P. Lemon, who saw the first ship|at Chatham and Andrew Murray was sent to 
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ial Three years later he was succeeded a by 
Charles Atherton, who became the first chief engi- 
neer, Atherton had previously been at Woolwich, 
and thither he returned in 1851. The office at 
Devonport seems to have remained vacant until 
another Woolwich assistant, John Trickett, was 
sent to the west. He was at the yard from 1854 to 
1864, and again from 1869 to 1879, T. W. Miller 
being his successor in 1864. 

Atherton, who died in 1875, was a Cambridge 
B.A., and a pupil and assistant of Telford. He 
was, perhaps, more skilled with the pen than the 
hammer, and among his many papers and reports 
was one published in 1847, entitled Proposal for 
Making the Government Factories Practical Training 
Schools for Naval Engineers, his view being that the 
Navy would get boys of good antecedents, and that 
they would develop good habits and learn some- 
thing of naval discipline. He lived to see his ideas 
put into practice, and if his life had been extended 
another five years he would have seen the erection 
of the new Royal Naval Engineering College on the 
rocky plateau just behind the Steam Factory at 
Keyham. It was the capable and progressive 
John Trickett who laid out the machine shops 
and brought the Factory into full operation. He 
introduced multi drilling machines, rope 
drives for travelling cranes, and steam machinery 
for ee ee Oe ee ees oe one 
piper men! ore The late ee ee 

practical training 
bags e 
and & gentleman ae ways treated us students 
as we should have been by all.” Seaton’s remarks 
about T. W. Miller were not so com itary. 
By the time of the Crimea War, Keyham Dockyard 
was not only a busy place but also a show place. 
Sir George Biddlecombe (1807-78), Master of the 
Fleet in the Baltic and then Master Attendant at 
Keyham, wrote in his Autobiography of visits by 
the Queen, Prince Albert, and the Prince of Wales, 
by Prince Napoleon and Prince Adalbert of Prussia, 
and also by the Grand Duke Michael of Russia. A 
tunnel, through which now runs a railway, had been 
made to connect the North and South yards, and 
Biddlecombe says that, by invitation of the Grand 
Duke, one day in September, 1860, he rode through 
the tunnel in his Royal Highness’s carriage, adding 
that “It was the first carriage to pass through 
the tunnel.” In the apprenticeship days of C. P. 
Lemon, nearly all communication between the 
yards was by water. 

What was known as the “ Keyham Dockyard 
Extension,” constructed in 1895-1905, was fully 
described by Sir Whately Eliot in 1907, in a paper 
presented to the Institution of Civil Engineers, by 
whose permission Fig. 2 is reproduced. In the dis- 
cussion on the paper, the President, Sir William 
Matthews, said that the works “ afforded one of the 
finest instances of naval dockyard construction that 
had been carried out for a generation,” while Sir 
John Jackson, the contractor, remarked that they 
“* were the largest he had ever been connected with ; 
they had occupied about one-third of his business 
life.” Fig. 2, on page 505, shows both the original 
Keyham yard of 54 acres and the extension of 118 
acres. A comparison of the basins and docks 
reflects the growth in size of the ships they were 
built for. The buildings of the old “‘ Steam Fac- 
tory ’’ can be seen above the North Basin, but there 
are to-day many modern shops on the ground shown 
as vacant in the plan. 

(To be continued.) 





PORTABLE ARC-WELDING SETS.—We are ipformed by 
Messrs. Murex Welding Processes, Limited, Waltham 
Cross, Hertfordshire, that they have recently completed 
@ number of self-contained portable arc-welding sets for 
various oil companies. One type consists of a generator 
driven by a Diesel engine and ted on a four-wheeled 
pneumatic-tyred chassis with roof and folding side 
doors. The capacity is from 300 amperes to 400 amperes 
and the set is thus suitable for a single operator. A 
second type has the generator driven by a petrol engine, 
the assembly being mounted on skids and having 4 
permanent roof and open sides. The capacity is from 
500 amperes to 600 amperes. Both sets have. been 
designed to operate under conditions of large temperature 
range and variations of altitude, and sand-separating 
filters are provided for the air drawn into both the 
engines and generators. 
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Mathematical Theory of Elasticity. By Prorgssors I. 8. 
SOKOLNIKOFF and R. D. Specut. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York, U.S.A. [Price 4.50 dols.]; McGraw-Hill Pub- 
lishing Company, Limited, Aldwych House, Aldwych, 
London, W.0.2. [Price 22s. 6d. net.) 

Tue evolution of complex structural systems, such 

as, for example, large dams, suspension bridges of 

long span, and the airframes of modern aircraft, 
has been accompanied by the development and per- 
fection of mathematical equipment suitable for the 
stress analysis of such systems. The first steps in 
this line of advance are usually based on a set of 
special assumptions peculiar to the class of problem 
under consideration, and further research is required 
to generalise the fundamental theory. Thus, side 
by side with the advance of structural design, there 
appears an increasing tendency to use a mathe- 
matical symbolism that results in the greatest 
possible clarity and economy of expression. In the 
case of alternative theories, a knowledge of the 
theory of elasticity thus enables an applied mathe- 
matician to detect common features that are not 
obvious to the uninitiated. As regards conciseness, 
the authors of the volume under review have 
obviously entertained similar views in the prepara- 
tion of the subject-matter, which is based on 
lectures by Professor Sokolnikoff to advanced 





ngineer | classes in the Graduate School of Brown University. 


In the first three chapters, for instance, on the 
analysis of strain, stress, and the stress-strain 
relations, the tensor notation is used with consider- 
able success in the formulation of comprehensive 
statements. This notation is, perhaps, not so 
widely known as it should be, but neverthelem it 
merits study by those unacquainted with the 
important application of it in the theory of rela- 
tivity. It is to be remarked, however, that the 
authors have used tensors with discrimination, and 
reverted to the customary scalar notation in 
applications of the general theory to specified 
problems. 

This is one of a number of novel characteristics of 
the treatment. Another is the exposition of note- 
worthy results and methods due to Russian investi- 
gators, especially those of Professor N. I. Muscheli- 
svili. On this account, the book is of special value 
to students whose knowledge of the Russian school 
of elasticians is restricted owing to the difficulties 
of language and the lack of reliable translations. 
The wide range of ideas arising from this and other 
sources is well exemplified in Chapter 4, where 190 
pages are occupied by a discussion of the basic 
theory of the extension, torsion and flexure of homo- 
geneous beams. Perusal of this part of the work 
should enable the serious reader to isolate difficulties 
and overcome them one by one, without losing sight 
of the main problem while attending to questions 
of secondary importance. Variational methods, 
too, are explained in an instructive manner in the 
final chapter, which covers nearly 70 pages. Here, 
as in the preceding chapters, constant reference is 
made to treatises for collateral reading, and at 
several places the formal theory is elucidated by 
worked examples. This, together with the sum- 
mary of the principal formule given in the appen- 
dix, is a further indication of the authors’ apprecia- 
tion of the needs of students and of lecturers on the 
subject in search of extensions to methods which 
have been enunciated since the last edition of Love’s 
classical treatise was published. 





Elementary Vectors for Electrical Engineers. By G. W. 
STUBBINGS, B.Sc. (Lond.), A.M.I.E.E. Second edition. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
London, W.C.2. [Price 6s. 6d. net.) 

Vector diagrams are essential for alternating- 

current circuit theory, and a clear understanding of 

them is very desirable. This book endeavours to 
aid such understanding on the part of those stu- 
dents who are not too well versed in mathematics— 
unfortunately, far too many ; but it seems a pity 
to use dubious devices to ‘‘ dodge the calculus” 
when this is really not very difficult to comprehend. 

A great aid to vector-diagram work is the conven- 
tion generally adopted of designating voltage 





=. a 


vectors with’ a Opda’ secon i tho end, while a 
current vector has the head filled in. Half-open 
and half-filled is a vector common to both. A 
triangle at the head can be used to designate flux. 
These conventions are of great use in transformer 
vector diagrams, among others. In this book, 
however, only one type of vector head is used. 

It should not be forgotten that the rotating 
vector is merely a representation of a sinusoidally 
varying voltage or current. It may be a great help 
to pass from the vector to the sine wave itself in 
certain cases; in power, for example, the first 
essential is that, at any instant, the power must 
be the product of the volts and the amperes at that 
instant. When two sine waves in phase with one 
another are drawn and their ordinates multiplied 
together at every instant, the result is a power 
wave which is all “ positive.’ Two waves in 
quadrature, when so multiplied, show equal areas 
of “positive” and “ negative’ power; that is, 
no net consumption of power. The general case of 
two waves with phase difference other than 90 deg. 
shows a larger “ positive”’ area than “ negative.” 
These figures, showing what is actually happening 
in the circuit, can be reduced to their correspo: 
vectors, and the usual “energy” and “idle” 
components. The sine waves also show how a 
circuit can return~ power to the source of supply, 
but the vectors do not show this. 

The derivation of r.m.s. value is ingenious, but 
not entirely convincing. This, really, has nothing 
to do with vectors. Any wave, of most erratic 
shape, has a r.m.s. value, but it cannot be repre- 
sented by a vector. Impedance should never be 
regarded as a vector, even though it may rightly be 
represented in the j notation; it does not vary 
sinusoidally. Further, there must be a difference 
between the multiplication of impedance and current 
both in j form, and the product of current and volts, 
both in j form. This latter or “dot” uct, as 
used in power, does not appear to have been dealt 
with in this book. In spite of the above criticisms, 
which may possibly be attended to in future 
editions, many students should derive benefit from 
a study of this book, especially if it is combined with 
adequate numerical examples. 








Recent Groundwater Investigations in the Netherlands. 
By W. F. J. M. Kruw and F. A. Lierrivck. Elsevier 
Publishing Company, Incorporated, 118, Spuistraat, 
Amsterdam. [Price 7s. 6d.] 

Tuts is a most interesting little book on the work 

done in relation to the water supply of western 

Holland during the war, and will be read with great 

pleasure by waterworks’ engineers and all concerned 

with soil mechanics. It deals almost entirely with 
the peculiar problems that arise from the use of the 
sandy areas of the dunes which belt the coast of 

Holland as a storage and source of fresh water. 

Other problems are also referred to, but this one is 

of particular interest since it involves most unusual 

and complex questions of the flow of water through 
alluvium. More than 30 per cent. of the water 
supply of Holland is derived from the dune area. 

The lighter fresh water stands in this band of sand 

on the denser sea water which penetrates from the 

sea towards the low-lying “ polders” (dyked 
enclosures) behind the dunes. These polders are 

below the mean sea levelin many cases, and there is a 

combined problem of maintaining the water capacity 

of the dunes, keeping the water in them fresh, and 
also keeping the separation line between the fresh 
and brackish groundwater low enough to prevent 
the land in the polders from being injured by salinity. 
The replenishment of the groundwater by pumping 
river water into the sand, the lowering of ground- 
water for tunnels and locks during construction, and 
the Zuyder Zee polders are also discussed. Model 
research on groundwater profiles and flow is also 
described, and the book ends with a list of pertinent 

publications in Holland since 1939, as well as a 

bibliography up to 1939. The latter does not include 

any reference to the cognate work done by Terzaghi 
and his followers, except for one to Brinkhorst’s 
paper presented to the 1936 Conference in America. 

One novelty is the use of the word “ phreatic” 

(Greek: péap, @péaros, a well) to describe the 

groundwater table. There is an excellent de- 

scription of the surface geology in Holland. 
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REINFORCEMENT OF 
BRANCH PIECES. 
By J. 8. Bua, B.Sc., M.I.Mech.E. 
(Continued from page 221.) 

As a result of the successful development of the 
triform reinforcement for branches arising from one 
side of a main pipe, it was decided to extend its 
application to cover the reinforcement of Y-pieces. 
The same general principles apply, but the points 
first requiring to be settled were the strength of 
unreinforced Y-pieces and the area requiring support. 
There were few data available as regards the strength 
of unreinforced Y-pieces and it was necessary to 
carry out some tests to determine this, but before 
doing so the matter was considered from a theo- 
retical standpoint, as follows. 

In the case of side branches previously dealt with, 
it has been considered that the projected area 
requiring reinforcement is a rectangle formed at 
the intersection of the branch and main (Fig. 50, 











and, hence, 
A = d (coseo $ — } cot $) 
and 
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In the general case of unequal branches, 
S=1—B(1—S8,) 
and S, for a 90-deg. side branch = 0-7. 
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Fig. 54. UNREINFORCED 60-Dec. Y-Prece, No. 27, AFTER FaILuRE In CROTCH. 


Fig.56. 











thought at first sight that the corresponding area 
would be a triangle, as shown in Fig. 51. Further 
consideration, however, seems to indicate that this 
triangle is too small and, particularly if the case in 
which the included angle of the Y-piece is 180 deg. 
(i.e,, a T-piece, see Fig. 52) is considered, it will be 
seen that, to fit logically in with the side-branch 
case, the area for the Y-piece should be a rectangle. 
This allows a smooth transition to take place from 
the T-piece (180-deg. Y-piece) to the smaller angle 
Y-piece. Furthermore, as will be seen below, the 
assumption of a triangular area involves pressure- 
strength ratios greater than unity for Y-pieces of 
angles greater than about 45 deg. 

Consider first the Y-piece in which all branches 
are of the same diameter and thickness. Let the 
included angle be «. Area A to be reinforced will 
be d xh (Fig. 53). By analogy with 90-deg. 
equal T-piece (180 deg. Y-piece) in which S = 0-07 
and the area of the zone requiring reinforcement 
= d*, 








d? d ad? 
PSR. = 8y= 87 = 0-77 = 0-775 
d 
h= es = d (cosee $ — 4 cot 5) 
sin= tan . 7 
2 2 











Therefore, S = 1 — 0-3 B, and 
1—0-3B 
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or, the strength of any branch piece or Y-piece is the 
strength of the corresponding 90-deg. branch (i.e., S) 
multiplied by the ratio of the rectangular area for 
the 90-deg. branch to the actual area of the zone 
renuiring reinforcement ; that is, 
dd’ 
strength = 8s 
On this basis, the triangular area would give twice 
the P.S.R. obtainable from thg rectangular area 
basis, that is, 1-4 for a 90-deg branch (180-deg. 
Y-piece) It is obvious, therefore, that the tri- 
angular area should not be used, but tests, details of 
which are given below, were carried out to confirm 
the correctness of the rectangular basis 
Two Y-pieces of 60-deg. and 30-deg. angle, made 
from the usual tube, 6} in. outside diameter and } in. 
thick, were tested in the unreinforced condition. 
Table IV, herewith, gives an estimate of the P.S.R. 
values both on the rectangular area and on the 
triangular area assumptions. 
The results of the tests were given in Table III, 
on ages 218 and 219, ante, (see also Figs. 54 
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and 56, herewith) and the P.S.R. values obtained 
at the yield point were 0-63 and 0-34 for the 
60-deg. and 30-deg. Y-pieces, respectively, which 
are almost exactly the values caloulated on the 
rectangular area assumption. It should be noted 
that, while ‘agreement is still good in the case of 
the 60-deg. test at bursting where the P.S.R. was 
0-65, the agreement in the case of the 30-deg. test 
piece at bursting is not so good (P.S.R. = 0-48). 
This is undoubtedly due to the fact that the 30-deg. 
Y piece, having a large and extended junction, 
deformed very greatly after yielding and ballooned 


Fig.52. c= 





Fig.53. 



















Fig. 55. UNREINFORCED 30-Dec. Y-Prece, No. 28, Arrer BuRSTING. 
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out before bursting, the distribution of stress being 
considerably modified by such action. Even s0, 
the P.S.R. value of 0-46 is much below the value 
theoretically required on the triangular area basis, 
namely, 0-7. It was obvious, therefore, that the 
rectangular area assumption was the correct one. 


TABLE IV.—Tests on Unreinforced Y-Pieces. 





P.S.R., Taking as Basis :— 





Included Angle 


of ¥-Piece, deg. Rectangular Area, | Triangular Area, 
ah. ida. 








60 
30 0-35 0-70 


. 





0-62 | 1-24 





Two 60-deg. Y-pieces and one 30-deg. Y-piece, all 
reinforced, were next prepared for testing. The 
previous reinforcement tests had indicated the 
relative unimportance of the position of the junction 
point of the shoes. As a further check on this, one 
60-deg. Y-piece had an unbalanced arrangement of 
the shoes (that is, their junction point was over the 
intersection of the centre lines of main and branches), 
while the other two test pieces had balanced shoes 
meeting in the middle of the zone requiring reinforce- 
ment. 

Details of the reinforcements are given in Figs. 56 
to 58, herewith, and their calculated strength to- 








gether with the test results are given in Table III (see 
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also Figs. 59 and 60, above) from which it will be seen 
that all of them were adequate as regards reinforce- 
ment up to the yield point; but that the 30-deg. 
Y-piece failed at a comparatively low P.S.R. of 
0-77, the failure occurring in the crotch, a type of 
failure not previously encountered with a triform. 
It was noticed that, after an appreciable amount 
of yielding had occurred, very complicated systems 
of Liiders’ lines appeared on this test piece and the 
comparatively low P.S.R. at bursting would seem 
to be due to the great distortion of the junction after 
yielding had taken place, which presumably so 
alters the stress distribution that failure soon 
occurs. In this connection, it should be noted that, 
in practice, such acute angles as 30 deg. between 
the legs of a Y-piece are not likely to be used, the 
inclusion of a 30-deg. Y-piece in these tests being 
principally to provide a relatively weak example 
so as to show up the effects of reinforcement in a 
more pronounced manner. In the case of the 60-deg. 
Y-pieces, the bursts occurred well clear of the 
reinforced area and the calculated load on the shoes 
was almost exactly the same as that actually 
observed. 

These tests not only confirm the previous assump- 
tions with regard to triform reinforcement, but 
indicate that the reinforcement is applicable to 
Y-pieces as well as to branch pieces. They also 
show that the new type of junction piece, consisting 
of a bar to which the shoes are welded, is more satis- 
factory than the previous arrangement. 

The method of reinforcing by means of horse- 
shoes, placed round the branches in this manner, 
can be extended to cover any type of junction, not 
necessarily consisting of merely three pipes. Obvi- 
ously, with a greater number of pipes forming a 
junction, it may be necessary to have more than} 
three horse-shoes. Figs. 61 to 63, on this page, show 
examples of reinforcements applied to complicated 
junctions. The first of these illustrations shows 
an unequal cross which is at present in service and 





performing satisfactorily, whilé the other two are 
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taken from Patent No. 519,027, which has been 
taken out to cover this type of reinforcement. It 
must be remembered that, in complicated and special 
cases, the area requiring support and the dimensions 
of the shoes will have to be given individual con- 
sideration, and that, generally, the most suitable 
method is to obtain the information from a scale 
drawing of the junction piece rather than to attempt 
elaborate calculation. Furthermore, it is advisable 
to make the shoes somewhat stronger than the 
theoretical requirements for such special cases. 

Conclusions from Internal-Pressure Test Results.— 
The test results show that, within the limits set by 
commercial tolerances, the P.S.R., both for equal 
and unequal branches, can be calculated sufficiently 
accurately from the dimensions. With reinforce- 
ments other than triform type, single horseshoes are 
practically useless, even with quite massive shoes. 
Two-crotch horseshoes (or bent ring) are somewhat 
better, but are wasteful of material and no complete 
reinforcement is obtained. A compensating ring is 
better than a bent ring, but is wasteful of material. 
Straps, gussets, rings, etc., are not much use, even 
with wide straps. The provision of gussets in all 
cases considerably reduces the strength as a result 
of the stress concentrations induced. None of the 
types tested gave complete reinforcement, and all 
bursts occurred in the reinforced zone. 

With triform reinforcements, no difficulty has 
been experienced in making them of sufficient 
strength to raise the P.S.R. to greater than unity, 
and to cause final bursting to occur well clear of the 
reinforced zone. The first few examples tested were 
unnecessarily strong, but the results of these and 
later tests on branch pieces and Y-pieces aniply 
confirm the assumptions made regarding the strength 
of horseshoes and the design of the reinforcement. 
In actual fact, of the 13 triforms tested, only one 
showed a P.S.R. of less than unity at the yield point 
(and this one was expected to be of insufficient 
strength). Only four showed ratios of less than 
unity at the bursting point, one of these being the 
insufficiently strong one mentioned above, which 
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ment and the comparative ineffectiveness of the 
other reinforcements. It will be seen from Table IIT 
that there is close agreement between the actual 
loads withstood by the reinforeements and the cal- 
culated loads, also between observed and calculated 
P.S.R. after reinforcement. 

Method of Designing Triform Reinforcements.— 
The method of calculating the size of the reinforce- 
ment required for branch, Y-, or multiple-junction 
pieces may appear, from the foregoing, to be some- 
what elaborate, but in practice, provided that a 
step-by-step method is employed, the correct design 
can be arrived at comparatively simply. It must 
be remembered that the steps involved are the 
determination of the pressure required to yield the 
corresponding straight pipe, the P.S.R. of the unre- 
inforeed branch piece, the load to be sustained by 
the reinforcement, and the dimensions of the rein- 
forcement required to sustain this load. The first 
item can be determined from a knowledge of the 
dimensions of the corresponding straight pipe and 
the yield point of the material, Barlow’s formula 
being a sufficiently accurate one for purposes of 
calculation, although the Haigh strain-energy 
formula is more strictly correct. For purposes of 
calculation with the type of mild-steel tube con- 
sidered in these tests, the yield point, if not known 
accurately, may be taken as 18 tons per square inch 
and the yield pressure (Ib. per square inch), there- 


fore, becomes 80,600 D 


As regards the second step, this can be determined 
either from theoretical formule or, more easily, for 
the usual branch and Y-pieces, by means of a series 
of graphs. The individual factors involved are all 
capable of simple calculation from the known 
dimensions of the branch pieces. The determina- 
tion of the load can also be made either from the 
formula or from graphs, utilising the theoretical 
pressure to cause yield. In complicated cases, the 
area on which this pressure acts is best obtained 
from scale drawings. 

The determination of the reinforcement required 
to sustain the load is the most difficult aspect of the 

ign, since certain assumptions have to be made 


failed due to faulty junction welds. Fig. 64, on} design 


page 510, shows diagrammatically the improvement 
in’ P.S.R. brought about. by, the 'triform reinforee- 





with regard to the disposition of the shoes, and their 
ratio of thickness. to width.. The disposition of the 
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shoes affects the effective arm at, which the load on 
the shoes acts; and, while formule or graphical 
methods can be used conveniently for normal types 
of branch and Y-pieces, the calculations for com- 
plicated junction pieces are best made from drawings 
of trial dispositions of the shoes round the junction 
piece, the values of X being determined by measur- 
ment. As regards the ratio of width b to thickness t, 
no hard and fast rule can be laid down, but this 
ratio should not normally exceed 8 and the thickness 
of the shoe should usually be about 14 times the 
thickness of the branch. The radial width of the 
three shoes should be kept the same, so that they 
may meet at the same level at the junction piece. 

There is generally no need to make the shoes any 
stronger than is necessary to ensure that the rein- 
forced zone is as strong as the rest of the pipe. Even 
when calculated in this way, the true strength of 
the horseshoes is likely to be of the order of 10 per 
cent. more than the calculated value, since no account 
has been taken of the effect of the weld metal which 
is added at the sides of the horseshoes. Full details 
of calculations on the basis outlined above, together 
with the necessary graphs for determination of the 
P.S.R., dimensions of reinforcements, etc., as well 
as worked examples, will be given in an appendix. 
Very many reinforced branch and Y-pieces have now 
been made on this system, from the very large 
hydro-electric branch pieces for which the scale- 
model tests were made, to 2 in. diameter high- 
pressure hydraulic branch pieces, but the most 
general ‘application for such work has been in con- 
nection with steam mains. In no case has any 
pressure failure occurred. 

IlI.—Reinforcement against Externally Applied 
Forces.—As a result of the research and development 
work previously described, the patented triform 
reinforcement has for some time been installed in a 
number of pipelines, including high-temperature 
and high-pressure steam pipes in power stations 
and high-pressure water pipes in hydro-electric and 
other hydraulic applications, and has given adequate 
reinforcement against internal pressure. Where 
externally-applied forces are concerned, however, 
some additional method of attachment is often 
insisted upon, such as straps or brackets. The 
advocates of triform reinforcement, on the other 
hand, have always considered that, by preventing 
radial movement of the reinforced zone, a triform 
reinforcement must automatically reduce the high 
concentrations of stress produced by externally- 





applied forces. Previous tests indicate that gusset 
plates or brackets generally cause a reduction in 
strength, and the use of straps alone does not give 
a sufficiently high pressure strength ratio. It was 
decided, therefore, that an investigation should be 


with unreinforeced branch pieces and triform re- 
inforcements. Not only must the effect of extern- 
ally-applied forces be considered, but also that due 
to vibrations, which, although of relatively small 
amplitude, may, by their persistence, cause failure. 
The ability to withstand externally-applied forces 
is not necessarily increased by a type of reinforce- 
ment which increases the stiffness of the connection, 
since such extra stiffness, if obtained, for example, 
by the use of gusset plates, may cause considerable 
stress concentration. A triform reinforcement, due 
to its extension all round the reinforced zone, does 
not cause such concentration. 

In the case of statically applied forces, it is suffi- 
cient for the reinforeement to make the branch 
piece as strong as the branch pipe connected thereto, 
but under vibration conditions, due to the more 
complicated nature of the stresses, it is more difficult 
to determine when adequate reinforcement has been 
applied. Various special test pieces were made to 
determine a suitable criterion for adequate rein- 
forcement under vibration conditions, but these 
were not very successful. As will be seen later, 
it is probable that the triform arrangement gives 
the greatest reinforcement possible, and in general, 
therefore, other types have been compared with it. 

The external forces which may act on a branched 
pipe may be any of the following: (a) an axial 
force along the branch tending to put it in tension 
or compression ; (6) a torsional force tending to 
rotate the branch about its axis and twist it off the 
barrel; (c) a bending force in the common plane 
of the barrel and branch, or at right-angles thereto ; 
or a combination of any of these. 

Neither pure twisting nor pure pull are likely to 
arise in practice, but the result of almost any ex- 
ternally-applied force on the branch is to cause some 
form of bending action at the junction point. It 
is considered, therefore, that the type of reinforce- 
ment necessary is one which will adequately 
withstand bending, although the other actions 
should not be lost sight of entirely. In view of 
this, it was decided to carry out. tests on these 
reinforcements by applying bending moments to 





made into the strengths of reinforcements designed | 
to withstand externally-applied forces in comparison | 





the branch in the common plane of branch and 
barrel, although in a few cases the bending moment 
was applied at right angles to this plane. In these 
circumstances, a branch piece can be considered as 
adequately reinforced if failure by bending occurs 
in the branch or barrel clear of the zone requiring 
reinforcement. In practice, since the bending 
;moment becomes less the greater the distance 
| between the point at which the force is applied and 
| the junction point, failure in an adequately rein- 
| forced branch will occur approximately at the point 
|at which the branch meets the barrel; that is, at 
the level of the crotch. The longer the arm at 
which the bending moment is applied, the less the 
rate of diminution of bending moment along the 
branch, and the more likely it is that failure would 
oceur a slight distance back from the level of the 
crotch due, for example, to variations in thickness 
of the tube. Practical considerations, however, 
limit the bending arm to a few feet, and generally 
the rate of diminution of the bending moment along 
the branch is then sufficiently great for failure in 
an adequately reinforced branch to occur close up 
to the crotch level, even though this may not 
actually be a point of minimum thickness of the 
tube. 

In addition to static pulls, twists and bending 
actions, branch pieces may require to withstand 
alternating stresses. In practice, these may arise 
in two ways, either by vibrations which are at 
relatively high frequency, or by the repeated appli- 
cation of bending stresses, possibly at relatively 
long intervals; due, for example, to heating and 
cooling actions, causing expansion and contraction 
of the pipework. As a rule, both these types of 
alternating stresses, and particularly the latter, 
involve constant deflections rather than constant 
applied loads, so that the substitution, at one point 
in the pipework, of a relatively stiff branch piece 
will not appreciably affect the amplitude of the 
expansion or contraction and hence the distance 
moved by the end of the branch. The amplitude or 
frequency of a vibration is also unlikely to be greatly 
affected by such an alteration, Consequently, the 
substitution of a stiffer branch piece may, in fact, 
involve higher concentrations of stresses at that 
branch piece than were previously involved, with 
resultant more rapid failure. The requirements for 
reinforcement against static externally-applied 
forces, and against vibration stresses are, therefore, 
somewhat mutually contradictory, in that, in general, 
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stifiening the branch is some advantage against 
static externally-applied forces, but may be a dis- 
advantage against a vibrational movement of con- 
stant amplitude. 

in general, the end of the branch is subjected to 
a definite movement caused, for example, by ex- 
pansion of pipework due to temperature changes, 
or to vibration effects which have built up to a 
fixed amplitude. Thus, a reinforcement which 
enables the branch piece to withstand a large bend- 
ing moment without yielding, but at the same time 
does not stiffen the branch unduly, is more satis- 
factory, both from the static and the vibration 
points of view, than one in which the reinforcement 
causes the branch to become stiffer without appreci- 
ably increasing the maximum load it can with- 
stand. 

One of the difficulties involved in devising suitable 
vibration tests was to establish the conditions corre- 
sponding to a fully reinforced branch piece to 
serve as a basis for comparison. It might be con- 
sidered that a straight unreinforced plain pipe could 
be taken as the criterion for 100-per cent. reinforce- 
ment. On further consideration it will be seen 
that such a criterion is an unnecessarily high one, 
since branch pieces, due to their shape being 
different from that of straight pipes, will always 
give rise to additional stresses compared with those 
produced in a straight pipe, no matter what type of 
reinforcement is applied to them. A special type, 
consisting of a blind branch welded to an unpierced 
barrel, was tried but proved to be unsatisfactory. 
It will be seen later, however, that the triform re- 
inforcement appears to produce the highest possible 
reinforcement obtainable, although, as mentioned 
above, its life under vibration is not as great as that 
of a straight pipe, and on the whole it is probably 
sufficient to consider the triform as representative 
of 100-per cent. reinforcement. As regards the 
other end of the scale, that is, the comparison with 
an unreinforced branch piece, no difficulty is en- 
countered in carrying out suitable teste. As far as 
static bending forces are concerned, however, the 
straight pipe appears to be a satisfactory basis of 
comparison for 100-per cent. reinforcement, since 
it is only in the case of rapidly alternating vibrations 
that the difference between the straight uniform pipe 
and the more complicated shape of a branch piece 
affects the results. 

The vibration tests which were carried out, 
although somewhat similar to fatigue tests, have not 
been so called, as genuine fatigue tests are under- 
taken to determine the fatigue limit, that is, the 
alternating stress which can be withstood inde- 
finitely. In these vibration tests, the stresses were 
appreciably higher than the fatigue limit in order 
to reduce the total time of testing, and failure 
generally occurred in less than @ million cycles. By 
maintaining the same deflection for all the test 
pieces, however, the relative life of different rein- 
forcements was obtainable. 

(To be continued.) 





Raw MATERIALS GuIDE.—The Board of Trade have 
published a revised Raw Materials Guide, which sets 
out the raw materials controlled by them and by the 
Ministry of Supply, and gives brief details of the types 
of control and the addresses to which inquiries should be 
addressed. The guide, price 1s. 6d., may be obtained 
from H.M. Stationery Office, Kingsway, London, 
W.C.1. 


CARRIER-FREQUENCY WIRE BROADCASTING.—A demon- 
stration of a carrier-frequency broadcasting system, 
which has been developed by the British Thomson- 
Houston Company, Limited, at the request of Multi- 
Broadcast (Engineering), Limited, 33, Chancery-lane, 
London, W.C.2, was given at Rugby on Friday, Novem- 
ber 22. In this system, the broadcast programmes are 
received over land lines at a central distribution station, 
where they are used to modulate carriers of selected 
programmes. After suitable amplification, these modu- 
lated carriers are transmitted over two conductors to 
reproducer units on the subscribers’ premises. These units 
each comprise a loud speaker, volume control and a switch 
enabling up to six programmes and a gramophone to be 
selected. It is claimed that in this way a wider choice of 
programmes with greater fidelity in reproduction can be 
received than with normal broadcasting, and that freedom 
from interference, combined with reliability and sim- 
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BORING MACHINE WITH PLANER- 
TYPE TABLE. 


Tue boring machine illustrated in Figs, 1 to 5, on 
page 516, is of an unusual type, having a travers- 
ing table similar to those on planing machines. 
It has recently been completed by Messrs. H. W. 
Kearns and mpany, Limited, Broadheath, near 
Manchester, on the firm’s system of assembling standard 
units together with special parts to construct machines 
to meet unusual requirements, though this particular 
design has been adopted as a standard product. The 
capacity of the machine can be estimated from the 
fact that the table has a working surface of 11 ft. 3 in. 
by 3 ft. and a traverse of 10 ft., while the horizontal 
boring spindle, which can be used either for milling or 
boring, os a vertical traverse of 5 ft. The column 
carrying the spindle head, which is balanced, has a 
transverse traverse of 2 ft. and the horizontal spindle 
has a traverse of 30 in. in the head, so that work even 
wider than the table surface can be dealt with, the 
column carrying the boring-spindle stay having also a 
transverse traverse of 2 ft. The general arrangement 
of the machine will be clear from Figs. 1 and 2. As 
will be seen, the bed is cross-shaped in plan, the main 
bed carrying the table being flanked by a pair of beds 
at right angles to it carrying the columns. The main 
bed is 20 ft. long overall by 2 ft. 6 in. wide over the 
sliding ways, the length ensuring that the table in 
either extreme position has an overhang of only 7} in. 
It may be observed that the small square table on the 
main table is a turntable which is detachable and is 
rotated by mechanism embodied in the main table; 
the mechanism lifts the turntable so as to reduce 
friction, and the small table is turned by hand. The 
lifting mechanism is actuated by a ball-ended pull rod 
on the left of the table. 
The position of the main table can be determined 
accurately, to enable it to be set for boring holes, 
without marking-off their position on the work, by 
means of the device seen in the lower part of Fig. 5. 
This consists of a bracket on the machine bed, extending 
for nearly its whole length, with a machined top and a 
longitudinal central T-slot. The slot serves for the 
attachment of a case for carrying a dial indicator, 
seen to the left, and also to support an end-measuring 
rod, one end of which abuts on the plunger of the 
indicator and the other on the spindle of a micrometer 
carried in a bracket attached to the table as seen on 
the right. The end-measuring rods used have no 
fractional lengths, which are provided for by adjust- 
ment of the micrometer. The dial indicator is not 
employed for measurement, but to provide a datum 
setting; for example, when repetition work is being 
done the dial pointer must occupy the same position 
as it did with the previous setting. A similar device 
is used for determining the precise height of the spindle 
axis relatively to the table surface, the supporting rod 
being attached to the spindle-head column, as can be 
seen on the right in Fig. 3. This method of measure- 
ment gives high precision, but measurement can be 
made by an alternative provision which is sufficiently 
accurate for most purposes; settings can be made 
with the latter to 0-001 in. This alternative method 
consists of full-length scales with verniers attached to 
both columns and to the table bed. The scales are 
adjustable so that the reading position most con- 
venient to the operator can be selected. The maximum 
vertical distance from the centre of the spindle to the 
surface of the main table is 5 ft. 6 in. 
The beds for the columns are each 4 ft. across the 
ways and great care has been taken in the method of 
attachment to the table bed to ensure permanent align- 
ment with the axis of the boring spindle. The three 
beds are, moreover, provided with a total of 30 levelling 
screws so that the whole base structure can be installed 
and maintained level. The saddles carrying the columns 
naturally differ in size and type. That for the spindle- 
head column, on the left in Fig. 1, is of much greater 
area, though of less depth, than that for the boring- 
stay column on the left in Fig. 2. The spindle-head 
saddle incorporates the spindle-driving motor, which 
is reversible and is rated at 5 h.p., and a 2-h.p. motor 
for rapid power traverse of the various motions. 
Transmission from the driving motor to the spindle 
saddle is through the constant-speed vertical shaft seen 
to the left of Fig. 3, the change-speed gear being con- 
tained in the saddle. The automatic switch is situated 
in a box at the back of the spindle-head column and 
is visible on the right of Fig. 2. It is controlled by 
the pendant-type push-button box to the left of Fig. 3. 
There are three buttons, for “ Forward,” “ Reverse ” 
and “ Stop,” respectively. Electric limit trips prevent 
over-traversing of the table, the spindle-head saddle, 
and the spindle slide, whether on automatic feed or 
rapid power traverse, by the opening of the motor 
circuits. The motors cannot then be re-started until 
the trip concerned has been released by hand and the 
excess travel corrected. Automatic plugging control, 
which is a form of electric braking. 


, brings the machine 


pressed. This control operates with both directions of 
rotation and embodies an electrodynamic switch having 
the non-reversing characteristic which is essential when 
using carbide-tipped cutting tools. It is stated that 
considerable production time is saved by this arrange- 
ment, particularly when a number of stops is involved 
in a sequence of operations, since the various motions 
have not to run down gradually. 

The spindle head is of the maker’s standard “0” 
type and Abe 16 changes of spindle speed through 
a range of 10 r.p.m. to 400 r.p.m. This is the normal 
range, but the head can be modified, if desired, to 
provide one of three ranges, from 15 to 600 r.p.m., 
20 to 800 r.p.m., or 25 to 1,000 r.p.m. The change- 
speed gears are mounted on splined shafts in the head 
and all main driving shafts are carried in ball or roller 
bearings to allow high speeds to be used continuously. 
Any one of the 16 spindle speeds is selected by means 
of a single lever working in the “ gate ’’ quadrant seen 
near the capstan wheel at the top of Fig. 3. The front 
of the quadrant bears a representation of the gate 
with the various speeds marked on. it, and also the 
angular position of the vertical lever visible near the 
dial indicator in Fig. 3, the function of this lever being 
to change the gears into one of the three groups into 
which the speeds are divided, the gate lever selecting 
the particular speed desired from that group. The 
speed changes are, therefore, readily and positively 
made. The feed motions are provided by the firm’s 
patent double-range feed unit, so called from the fact 
that it provides for the spindle eight rates of feed 
between eight cuts ‘and 96 cuts per inch (“ B ” range), 
and eight rates between 0-8 in. and 9-6 in. per minute 
(“M” range). The “M” range is entirely inde- 
pendent of the spindle speed, so that very fine boring 
can be done by combining a slow “M” feed with a 
high spindle speed. There is a similar feed arrange- 
ment for the longitudinal traverse of the spindle-head 
column, the vertical traverse of the spindle head on 
the column, and the main table traverse. It will be 
understood that the motion of the bearing for the boring 
spindle on the boring-stay column is synchronous with 
that of the spindle head. For all these motions there 
are eight feeds of from 24 cuts to 288 cuts perinch (“ B” 
range) and from 0-26 in. to 3-2 in. per minute (“M ” 
range). All the feeds are obtained by single lever 
operating in a gate on the top of a quadrant 
similar to the speed-change quadrant and situated 
above it. 

Hand feed is provided for all the traversing motions. 
As regards the spindle, the large capstan wheel seen 
at the top of Fig. 3 gives a rapid motion, while a 
smaller handwheel above it provides fine adjustment. 
The hand feed prominent in Fig. 4 is for the main 
table and the saddles of the two columns, the parti- 
cular part moved being determined by the appropriate 
movement of the levers near it, which move in gate 
slots. The rapid power traverse, which is independent 
of the feed motion, provides a motion of 60 in. per 
minute, to the main table, the vertical traverse of 
the spindle head and the boring-stay bearing on their 
respective columns, and the longitudinal traverse of 
the spindle-head column saddle. The boring-stay 
column saddle has no rapid power traverse. The rapid 
traverse, as already stated, is driven by a separate 
motor. This motor is direct-on started and its elec- 
trical contro] gear is included on the main driving 
motor panel. The application of the rapid power- 
traverse mechanism is effected by the single lever that 
governs the normal feeds so that, since one or the other 
can only be in use at a time, engagement on conflicting 
motions is impossible. As regards general details of 
construction, it may be noted that the spindle is 3 in. in 
diameter and is carried in a steel sleeve which, at its 
forward end, runs in a duplex roller bearing and, at 
the rear end, is supported in a duplex ball bearing. 
The final drive to the sleeve is situated close to the 
front bearing in order to reduce torsional deflection 
under a heavy load to a minimum. The sleeve is 
bored throughout its length and is fitted with a 
phosphor-bronze bush at each end, in which bushes 
the spindle slides but does not rotate; little wear 
of the bushes is anticipated, but should any develop 
it may be compensated for by an adjusting device 
to the front bush. The front end of the sleeve is 
flanged and arranged to take milling cutters up to 
8 in. in diameter. The spindle nose has a Morse taper 
cone and is cottered ; any axial thrust on the spindle is 
taken by ball bearings. 

All the sliding ways are hardened by chill casting ; 
those on the inner sides of the two column beds are 
protected from swarf by close-fitting covers attached 
to the saddles and sliding with them. The table ways 
are lubricated at ten points by a Tecalemit duplex 
hand pump attached to one end of the table. A single 
pump of the same type is provided on the saddle for 
the spindle-head column. This lubricates the sliding 
ways and the traversing screw, its nut and gearing. 
This pump is seen at the bottom left-hand corner of 
Fig. 4. Another single pump on the saddle for the 








plicity, are ensured. 


rapidly to a standstill when the “Stop” button is 


boring-stay column oils the sliding ways, the hand- 
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operated traverse mechanism of the saddle, and the 
vertical motion of the stay bearing. In each case a 
single stroke of the pump provides copious oiling. 
The gears in the spindle head, etc., are lubricated by a 
power-driven pump inside the head, the oil being 
filtered before discharge in cascade form over the 
parts; the level of the oil in the head is indicated 
by a window. All the usual range of Messrs. Kearns’s 
No. “0” tools and accessories can be used on the new 
machine if required, including the screw-cutting 
arrangement for the spindle. 





LINER-WEAR AND CRANKSHAFT 
ALIGNMENT INDICATOR. 


A METHOD of measuring the clearances in the bottom- 
end and gudgeon-pin bearings of internal-combustion 
engine connecting rods without disturbing any parts of 
the engine was described in ENGINEERING, vol. 153, 
page 6 (1942). The method involves the use of an 
instrument called the ‘‘ Play Indicator,” which was 
devised and patented by Mr. H. D. Adam, 
A.M.I.Mech.E., M.I.Mar.E., 85, Gracechurch-street, 
London, E.C.3. The scope of this instrument has 
been widened recently by the addition of certain items 
which enable it to be used for measuring cylinder-liner 
wear and checking crankshaft alignment as indicated 
by crank-web deflection. Before describing the addi- 
tional equipment, however, it may be advisable to 
give a brief explanation of the method by which 
bearing clearances are measured with this instrument. 
The clearances are measured by a 2-in. dial micrometer, 
which is attached to the connecting red by a special 
frame. When the bottom-end clearance is being 
measured, the frame and micrometer are arra: so 
that, with the crankpin at top dead centre, the anvil 
of the micrometer is pressed lightly against the peri- 
phery of the crank-web. With the crankpin at top 
dead centre, the weight of the connecting rod and 
piston is carried on the top of the crankpin and any 
clearance between the crankpin and the bearing will 
be beneath the pin. The dial of the micrometer is 
set to zero and a vertical force is then applied to the 
cap of the bearing, either by a lever or a lifting-jack, 
thus causing the bearing to move upwards until it 
contacts the underside of the crankpin. This means 
that the bearing has been moved upwards an amount 
equal to the clearance, and, as the dial micrometer 
is attached to the connecting rod, this also has been 
moved through the same distance and the reading 
of the micrometer will, therefore, give the bearing 
clearance. The same procedure is adopted for mea- 
suring the gudgeon-pin clearance, the micrometer 
being attached to the connecting rod in the same 
way, but in this case the anvil of the micrometer is 
pressed lightly against the base of the piston-skirt 
and the piston is raised instead of the connecting rod. 
The frame which carries the micrometer is clamped 
to the connecting rod by a simple chain-fixing device, 
which enables it to be used with any shape of con- 
necting rod. The micrometer is carried on the end 
of a steel rod, which, in turn, is attached to the frame 
by a sleeve and nipple clamp, which allows the effective 
length of the rod to be adjusted so that the anvil of 
the micrometer can be brought into contact with either 
the crank web or the piston skirt. 

‘When measuring the cylinder-liner wear, the same 
dial micrometer is employed but, in this case, in con- 
junction with a steel rod and a foot-piece fitted with two 
points, the length of the rod depending on the diameter 
of the liner to be measured. The micrometer and the 
foot-piece are secured to the ends of the steel rod 
by collet-type fixings and the assembly is inserted 
into the liner. It is shown in position in Fig. 1, from 
which it will be seen that the foot-piece a makes two- 
point contact with the wall of the liner, and as the 
point b is midway between the two points of contact, 
the rod c, which is at right angles to the foot-piece, 
passes through the central axis of theliner. To measure 
the wear, the instrument is first placed in the unworn 
portion of the liner, and the micrometer set to zero. 
It will be appreciated that, to measure the true diameter 
of the liner, it will be necessary to turn the instrument 
about the foot-piece, as illustrated in Fig. 2, the true 
diameter being indicated by the maximum reading of 
the micrometer. The instrument is then used in a 
similar manner to determine the wear of the liner at 
various points in the piston-swept zone. 

For checking crankshaft alignment, the dial micro- 
meter is used in combination with a short, pointed 
steel rod, the length of rod depending on the distance 
between the crank webs. The instrument is shown 
in position in Fig. 3. The point of the rod and the 
point of the micrometer anvil are placed in centre- 
punch marks made in the opposite faces of the crank 
webs and the instrument is held in position by the 
reaction of the micrometer spring. The ing of 


micrometer is obtained for various positions of the 
crank and the deflection of the crank-web measured. 








the | nical colleges and similar bodies, from the librarian of the 


The main advantage of fitting the instrument between 
definite centres is that any subsequent measurements 
are taken in the same positions on the crank webs, 
thus giving exact comparisons. Furthermore, the 
instrument can be rotated while in position without 
affecting either the adjustment or the reading, so 
that the micrometer can be read in all itions of 
the crank without the use of mirrors. e connect- 
ing rod has not been shown in position in Fig. 3, in 
order to make the diagram clear, but it should not be 
assumed that it has to be removed when the instrument 
is used. To obtain a true reading of the amount the 
crank webs deflect under working conditions, a load 
equivalent to the combustion pressure should be 
imposed on the piston when it is at top dead centre. 
Obviously, it is not possible to apply this load, but 
when measuring crank-web deflection it is advisable 
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to move the piston against the normal compression 
of the engine. 

Although designed for checking the condition of 
internal-combustion engines, the use of this instrument 
is by no means limited to this purpose. It can be used 
with equal facility to obtain similar measurements on 
practically any reciprocating engine and should prove 
a useful adjunct in any engine room, particularly where 
there is a wide range of machinery such as in the engine- 
room of a ship. 





TECHNICAL FILM ON ALUMINIUM ALLOYS.—A 
technical film on aluminium alloys, produced for the 
Aluminium Development Association by the Film Pro- 
ducers’ Guild, illustrates British technique in the heat- 
treatment of aluminium alloys and also gives a simplified 
explanation, with the aid of animated diagrams, of the 
mechanism of age-hardening, hardening by cold working, 
and annealing. The layout of furnaces and quenching 
tanks, and the rolling, heat-treatment and final flattening 
of aluminium-alloy sheets are then dealt with, and the 
film concludes with illustrations of modern applications 
of these alloys. The film runs for 18 minutes, and copies, 
in both the 35-mm. and the 16-mm. sizes, for sound pro- 
jectors only, may be borrowed, free of charge, by tech- 


Aluminium Development Association, 67, Brook-street, 


THE ‘* PYROREX’’ CO, INDICATOR 
AND RECORDER. 


THE instrument illustrated in Figs. 1 to 4, opposite 
is a CO, indicator and recorder of the mechanical] { pe 
and has been perfected after some 18 years’ experience 
with the original density type of instrument. 1 js 
known as the “‘ Pyrorex” mechanical CO, recorder, and 
is manufactured by Messrs. Dufty Engineering Com. 
pany, Limited, 166, Weir-road, Balham, London, 
8.W.12, at their works in Fleet, Hampshire. The prin. 
ciple of operation involved is similar to that employed 
in one type of hydraulic clutch, in which the transmis. 
sion of power is effected by rotating a vaned disc in oj! 
the resultant motion of which is transferred to a similar 
parallel dise not in contact with the driving disc, there 
being no rigid or elastic connection between, the driv ing 
and driven elements other than the oil. It is clear that 
if a gas were substituted for the oil in the hydraulic 
clutch, transmission of power from one disc .to the 
other would still take place though, owing to the great 
difference in density between gas and oil, there would 
be so much slip with gas and the torque transmitted 
would be only slight. 

Since angular displacement of a pointer is all that is 
required in an indicating and recording instrument, 
a gas can be employed with advantage, there being 
no moving parts which develop friction through con- 
tact. At the same time, the torque transmission js 
highly sensitive to a change in density of the gases 
concerned. In the mechanical type CO, recorder with 
which we are now concerned, the discs are immersed 
in flue gas and in the standard instrument, having a 
range from zero to 20 per cent, of CO,, the accuracy 
is within +1-5 per cent. of the maximum scale reading. 
This degree of accuracy works out to 0-3 per cent. of 
CO,, and is therefore satisfactory for all practical 
purposes. It should be remembered that the specific 
gravity of flue gas increases in proportion to its CO, 
content. Taking the weight of dry air as unity, the 
relative weight of CO, is 1-527, which means that the 
weight of dry air is increased by 0-4237 per cent. for 
every | per cent. of CO, present in the flue gas. Since, 
as already mentioned, transmission of torque across 
the gap between the driving and driven discs depends 
on the density of the gas in which they are immersed, 
it will be clear that any change in density occasioned 
by the decrease or increase of CO, in the flue gas is 
accompanied by a variation in torque on the driven 
dise and, in consequence, by a corresponding movement 
of the indicating and recording pointers. 

The reference made above to the relative density of 
dry air and the flue gas being examined shows that 
the instrument must have some “ datum ” from which 
to work, since the air in the boiler house must differ in 
density, owing to variations in temperature, humidity 
and barometric pressure from time to time. This 
“datum ” is provided by having two pairs of elements, 
one pair operating in air in a constant condition and 
the other in the flue gas corrected to agree as to humi- 
dity, etc. 

This use of double elements is not obvious in the 
general view of the instrument given in Fig. 1, although 
it may be inferred from the partly dismantled view, 
Fig. 2; it is clearly shown, however, in Figs. 3 and 4. 
In Fig. 3, a represents the control driven disc rotating in 
air, while 6 indicates the driven disc in the flue gas, to 
the axis of which disc the pointer for both the indicating 
scale and the pen for the recording arm are attached. 
It will be understood that the reference letters also 
indicate the two driving discs or impellers, both the 
impellers and driven discs of each pair having a common 
axis, though separate shafts, and facing each other 
with only a very small gap between the opposing 
surfaces. Two other points are evident from Fig. 3: 
firstly, that the two impellers rotate in opposite direc- 
tions and secondly, that the two driven discs are con- 
nected by a link c. Both impellers are driven at the 
same speed, normally about 3,000 r.p.m., by the totally- 
enclosed motor seen at the top of the instrument in 
Fig. 1. The motor is supplied wound for either alter- 
nating or direct current, as required, and the power con- 
re is approximately 200 watts. Both driven 
disc8 can turn through an angle of about 55 deg. The 
linkage system is such that the torque of the air- 
immersed disc is opposed by or added to that of the 
gas-immersed disc according to the conditions obtaining 
at the moment and, in consequence, the actual readings 
are corrected to the “datum.” The indications, as 
will be evident from Fig. 2, are on a clear scale, which 
is about 7 in. long. The record is made on a clock- 
driven chart of normal type. 

The construction of the instrument may now be 
considered. The impellers, seen in the left-hand view 
of Fig. 4, are circular discs with straight radiating 
vanes of rectangular cross section. There are 10 vanes 
extending from near the centre to the circumference 
and, in between them, 12 shorter vanes extending from 
the circumference to points about three quarters of the 
radius from the centre. The driven discs, seen on the 
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right-hand side of Fig. 4, are of the same size as the im- 
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pellers and have 12 straight radiating arms extending 
from a central boss to within a short distance of the cir- 
cumference. The arms have an L-shaped cross section, 
so that they each form a groove which gives the 
eddies set up by the impeller vanes a more positive 
“ grip” on the vanes of the driven discs. The impeller 
shafts run in ball bearings with floating outer races, so 
that expansion and contraction of the bearing housing 
does not affect the bearing adjustment, a contingency 
probable with the cup and cone type of bearing. A laby- 
rinth drum situated between the two ball bearings of 
the impeller shaft seals the bearings against leakage, 
felt packings with their inherent friction being avoided. 








The driven-disc spindles have oil-saturated bushes 
which protect them against rusting. The zero-adjust- 
ment mechanism, being placed on the air element driven 
disc, is protected against gas corrosion and, being spring 
loaded, cannot be displaced by vibration. Since the 
calibration depends entirely on the length of the link, it 
remains unaffected so long as the link is not tampered 
with. The pen-arm spindle is carried on a smal] ball 
bearing which, as the angle of rotation of the spindle is 
at the most only 60 deg., gives a frictionless and 
satisfactory support while eliminating the disabilities 
attendant on cone pivots and jewelled centres, or 
slender spindles. The pen arm is hung pendant- 
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fashion in order to avoid the risk of ink running down 
the pen arm and corroding the flexible joint between it 
and the lever on the disc spindle. It is stated that the 
pen gives a clear record with an almost complete 
absence of friction at the point. 

The box-like apparatus seen in Fig. 1, on a bracket at 
the bottom of the instrument frame, is a duplex humi- 
difier tank to ensure the same degree of saturation of 
both the flue gas and the control air. The flue-gas 
connection is made to the tank by the bulb-ended 
cock seen on the left, the air entering through the cone 
on the right. The tank contains water which, in 
addition to its humidifying function, absorbs the 
greater part of the SO, content of the flue gas, so that 
this gas has a negligible effect on the CO, readings. In 
the case of gases with a high SO, content, the tank water 
is changed automatically at frequent intervals by a 
self-acting syphon. The temperature of the air in 
the control-disc chamber is maintained at a constant 
figure by the tank water. The temperature of the 
gas is, of course, variable; it should not, however, 
exceed 750 deg. F. (400 deg. C.) at the sampling point. 
A flue-gas filter, to eliminate dust, should be provided in 
the last pass of the boiler well in the flue-gas stream, 
and it should be protected by metal shields ifsoot blowers 
form part of the boiler equipment. 

The accuracy of the readings is not affected by 
changes in the barometric pressure or by variations in 
the speed of the impellers, provided these do not exceed 
10 per cent. Several sampling points can be con- 
nected to the instrument by the use of a multiple 
manifold, so that CO, readings can be taken at will from 
different points of the boiler system, such as at the air 
heater, economiser and chimney base. The Pyrorex 
recorder is not, however, intended exclusively for boiler- 
house use; it is employed to give CO, readings on 
cement and lime kilns, for annealing-furnace contro] and 
gas density measurements, as a hygrometer and as a 
gas detector on board oil tankers, or may be of service 
in aircraft-carrier hangars. The instrument, more- 
over, can be used for measuring the specific gravity 











TABLE I. 
Specific Viscosity at 
Gas. Gravity. | 15 deg. C. 

Air oe ee o« 1-0 1-0 
Carbon dioxide . . - 1-52 0-81 
Oxygen .. ee - 1-11 1-08 
Nitrogen . ea 0-97 0-95 
Carbon monoxide ee 0-97 0-99 
Hydrogen ~ o 0-07 0-49 





of gases, though if these are soluble in water, the humidi- 
fier is replaced by a duplex silica-gel dehydration tank. 
When the gases to be examined are of the compound 
type, a different kind of sealing drum is used between 
the impeller-shaft ball bearings. This drum has plain 
cylindrical ends with a labyrinth-type central portion. 
The reason for its adoption is interesting, the principle 
on which the drum is constructed being that it is con- 
sidered that the flow through a capillary is governed 
by the viscosity of the gas, whereas the discharge 
through a nozzle or an orifice is primarily a function 
of the density. As will be evident from Table I, on 
this page, the viscosities of gases are not correlated to 














their specific gravities. It is, further, known that the 
viscosity of a gaseous mixture cannot be determined 
by adding the products of the percentage of each gas 
multiplied by its viscosity, although the density of a 
mixture can he ascertained by this process. For 
example, the viscosity of a mixture of 25 per cent. 
hydrogen and 75 per cent. carbon dioxide has been 
found, by E. Thomson, to be 0-83, which is 2 per cent. 
above the viscosity of carbon dioxide and approxi- 
mately 70- per cent. above the figure for hydrogen. 
In designing the sealing drum, therefore, the viscosity 
characteristic of the gas rather thanthe density has to 
be considered. 

It is claimed that the Pyrorex CO, recorder, when 
correctly installed and intelligently used in _boiler- 
house plant, can effect a fuel saving of from 10 per cent. 
to 20 per cent., and a smaller, though still substantial, 
saving in the power consumed in driving forced-draught 
and induced-draught fans. It must be admitted that, 
in spite of many years’ insistence on the value of the 
CO, content as an index to fuel combustion, the employ- 
ment of recorders in practice is not as extensive as it 
might be. The makers consider that the robust con- 
struction of the new instrument and its simplicity and 
reliability should appeal to both the boiler-house super- 
intendent and the stoker. 





RAILWAY TRAFFIC-CONTROL 
SYSTEM. 


Tue London and North Eastern Railway have recently 
modernised the telephone system whereby control is 
exercised over the movement of all trains in the area 
between the Forth Bridge in the north and Berwick and 
Carlisle in the south, from the district superintendent’s 
office in Edinburgh. This area includes the main lines 
from Edinburgh to Berwick and Carlisle, as well as 
large marshalling yards and locomotive depots, such as 
those at Portobello, Niddrie, Carlisle, St. Margarets 
and Haymarket, and the Lothian coalfields. 

The new system replaces one which was installed in 
1916 and provided for direct telephone communication 
between the control office and all signal boxes, yards 
and locomotive depots in the area. For reasons of 
economy, groups of signal boxes and depots were 
arranged on the same circuit, each box or depot be‘ng 
called by a code of rings through a manually-operated 
exchange. This multiplication of ringing, however, was 
distracting, and the use of manual operation tended to 
delays. On the new system, automatic telephony is 
employed, so that it is possible for the controller to 
dial each signal box or depot individually and the bell 
does not ring at other places on the same circuit. 
Similarly, any place on each of the 19 circuits wishing 
to call the control office does so by lifting the hand set 
and pressing a button if silence indicates that the line 
is clear. As a result, a lamp is lighted on a panel in 
the control office so that the ringing of bells is avoided. 

The system also includes an intercommunication 
circuit so that controllers who are supervising separate 
sections of the line can consult without talking across 
the room. Communication is provided with the neigh- 
bouring district-control offices at Burntisland, Glasgow 
and Newcastle, and with the central control office for 
the Scottish area. 





THE LATE Mr. C. W. BRIDGEN.—We regret to record 
the death of Mr. C. W. Bridgen, which occurred at With- 
ington, Manchester, on Monday, November 18, at the 
age of fifty-one. He had been connected with Messrs. 
Ferranti, Limited, Hollinwood, Lancashire, since 1913, 
first in the transformer department and then on the 
selling staff, where he acted successively as manager 
of the Cardiff ard Birmingham branches. He became 
general sales manager of the firm in 1934, and joined the 
Board in 1943. He was elected an Associate of the 
Institution of Electrical Engineers in 1931, and was 
transferred to the class of Associate Member in 1943. 
He served as a Member of the Council from 1942 to 
1945. 


THE JUBILEE OF THE ELECTRON.—Next year will see 
the fiftieth anniversary of the discovery of the electron 
by the late Sir J. J. Thomson, O.M., and to celebrate 
the event and to demonstrate the enormous influence 
this particular advance in pure physics has had on the 
life of the community, the Institute of Physics and the 
Physical Society jointly are arranging a series of meetings, 
and other functions, to be held in London on Septem- 
ber 25 and 26,1947. In connection with the celebrations, 
an exhibition will be held at the Science Museum, South 
Kensington, to illustrate the development, from the 
earliest experimental stages, of the vast range of indus- 
trial equipment in which the properties of the electron 
are utilised. The exhibition will be open to the public 
for some weeks, but further particulars of this and details 
of the celebrations will be announced later 





ENGINEERING. 


BRITISH STANDARD 
SPECIFICATION. 


Tue following specification of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of the paragraph. 


Lifting Tackle——On November 20, the Institution 
published British Standard Handbook No. 4, entitled 
British Standards for Lifting Tackle. During the past 
two decades, responsible committees of the Institution 
have formulated a series of standards for lifting tackle. 
While it is not claimed that, even now, these standards 
are either exhaustive or complete, their number and 
importance, it is considered, justify their collection 
and issue in a single volume. The handbook is divided 
into sections, dealing respectively with fibre rope, wire 
rope, chain, terminal attachments for wire rope and 
chain, the materials cited in the specifications included 
in the handbook, and the statutory requirements under 
the Factories Act applicable to the contents of the 
handbook. The first five sections contain the technical 
provisions of 21 published specifications shorn of 
extraneous matter and repetition. In an introduction 
to the handbook, Sir William Stanier, F.R.S., draws 
attention to the responsibilities devolving upon users 
of lifting tackle in regard to maintenance and renewal. 
Assuming the original seleetion of the tackle to have 
been correct, it devolves entirely upon the user to 
ensure that tackle for a given rated load is never sub- 
jected to a greater load. He recommends that one 
qualified and competent person in each works should be 
directly responsible to + management for the care, 
maintenance and renewal of al! the lifting tackle 
employed. The numbers of the specifications included 
in the handbook are as follows : fibre ropes, B.S. Nos. 
431, 908, 525; wire ropes, B.S. Nos. 302, 329, 621 ; 
terminal attachments for wire ropes, B.S. Nos. 461, 
462, 463, 464, 643, 716, 1290; chain, B.S. Nos. 394, 
465, 590; and terminal attachments for chain, B.S. 
Nos. 482, 529, 591, 781, 825. Extracts from B.S. 
Nos. 15, 18, 24, 84, 729, 762 and 858 are also given. 
The handbook contains 90 full-page tables and 70 
line drawings, and a detailed method for making a 
five-tuck wire-rope splice, based on information sup- 
plied by Messrs. British Ropes Limited, is published 
for the first time. The general editor of the handbook 
is Mr. A. L. Haas, I.S.0., M.I.Mech.E. [Price 12s. 6d.] 





BOOKS RECEIVED. 


Brisbane City Council. Seventh Volume of the Brisbane 
Statistics. 1945. The Town Clerk, Brisbane City 
Council, Brisbane, Australia. 

Department of Scientific and Industrial Research. Road 
Research. Bulletin No. 5. Recommendations for Open- 
Textured Asphalt Carpets. Issued in co-operation with 
the Ministry of Transport. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 3d. net.) 

The British Electrical and Allied Industries Research 


Association. Technical Report No. W/T10. Applica- 
tion of Small Automatic Hammer Mills. By C. A. 


CAMERON BROWN. Offices of the Association, 15, 
Savoy-street, Strand, London, W.C.2. [Price 3s. 6d. 
net.] 

The National Atlas Series of Maps. Printed in colour. 
Scale: 1/625,000, or about ten miles to one inch. 
Electricity. Statutory Supply Areas. Compiléd by the 
Ministry of Town and Country Planning, and the 
Department of Health for Scotland, from information 
in the possession of the Electricity Commissioners and 
the North of Scotland Hydro-Electric Board. Sheet 1. 
Scotland. [Price 5s. net.) Sheet 2. England and 
Wales. [Price 5s. net.] Maps Office, Ministry of 
Town and Country Planning, 32, St. James’s-square, 
London, S.W.1. 

The World of Industry. By A. P. Youne. George Gill 
and Sons, Limited, 67 and 68, Chandos-place, Strand, 
London, W.C.2. [Price 12s. 6d. net.) 

Power Transmission Trade Names Index and Directory, 
1946-48. Trade and Technical Press, Limited, 65 and 
66, Chancery-lane, Strand, London, W.C.2. [Price 5s.] 

Report of the British Council, 1945-46. Offices of the 
Council, 3, Hanover-street, London, W.1. 

Where Ships are Born. Sunderland, 1346 to 1946. A 
History of Shipbuilding on the River Wear. By J. W. 
SmiTH and T. S. HOLDEN. Thomas Reed and Com- 
pany, Limited, 184, High-street West, Sunderland. 
{Price 1s.] 

Logarithms Made Easy. By H. WEBB. University of 
London Press, Limited, Warwick-square, London, 
E.C.A. [Price 1s. 3d. net.] 

Acoustics for Architects. By Dr. E. G. RICHARDSON. 
Edward Arnold and Company, 41 and 43, Maddox- 
street, London, W.1. [Price 5s. net.] 

Furness Railway: Its Rise and Development, 1846-1923. 
By W. McGowan Grapon. W. McGowan Gradon, 





333, Corn Exchange, Manchester 4. [Price 15s. net.] 
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PERSONAL. 

MR. J. M. STOREY, managing director of Messrs. j:ew- 
rance and Company, Limited, has been elected chairian 
of the British Valve Manufacturers’ Association 32, 
Victoria-street, London, S.W.1, for the ensuing yar, 
Mr. Storey succeeds Mr. ROBERT A. BLAKEBORO GH, 
Mr. BRUCE BALL, of Messrs, Glenfield and Keniciiy, 
Limited, and Mr. NoEL NEWMAN, of Messrs. New): ::1n, 
Hender and Company, Limited, have been re-electe: to 
serve on the executive committee. 

Recent appointments to the staff of the ALUMINivy 
DEVELOPMENT ASSOCIATION, 67, Brook-street, Lonion, 
W.1, include that of Mr. G. R.L. WATKINS, A.M.I.N.\., 
as naval architect, and that of Mr. J. C. BAILEy, B.sc., 
as liaison officer to co-ordinate the work of the techiica} 
committees and senior technical staff. Mr. Bailey was 
previously information officer, which post, as stated on 
page 226, ante, has now been taken over by Mr. N. hk. 
VAUGHAN, M.Se., who is also the Association’s librarian. 
Mr. F. L. STAFFORD, A.M.I.Mech.E., M.I.Loco.E., whio 
until recently was chief mechanical engineer to the 
Paraguay Central Railway, has been made railway 
transport engineer to the Association. 

Sm JAMES SWINBURNE, Bt., M.Inst.C.E., F.R.S., has 
resigned from the presidency of the Old Cromptonian 
Association and has been succeeded by the Ear. or 
Mount EpGCUMBE. The name of the body has been 
changed to the Cromptonian Association, in order to 
include Crompton Parkinson personnel not previously 
eligible for membership. 

Mr. A. L. NICKERSON, who was chairman of the 
Vacuum Oil Company, Limited, until November 1, has 
been elected a member of the board of directors of 
Socony-Vacuum Oil Company, Incorporated, New York. 

Mr. W. W. HAcKETT, C.B.E., who has been i sctor 
of Tube Investments Limited, 3, Grosvenor-square. 
London, W.1, since 1922, has relinquished that position. 

Masor C. F. MCDONALD has been appointed to the 
Colonial Service as an electrical and mechanical éngineer 
in the Public Works Department, Gold Coast. Mr. J. E. 
MorGAN, B.Sc., A.M.Inst.C.E., has béen made an 
assistant engineer in the Public Works Department. 
Uganda. 

THE STANDARDS DEPARTMENT OF THE BOARD OF 
TRADE has left Boots Hotel, North Promenade, Black- 
pool, and is now in Chapter Street House, Chapter-street, 
London, S.W.1. (Telephone : VICtoria 7032.) 

Mr. R. A. Heywoop has succeeded Mr. G. H. Tiprer 
as Director of Mica. Mr. Tipper, who has resigned on 
health grounds, will act, however, as the Board of Trade’s 
consultant on mica. The address of the Directorate of 
Mica is now Lansdowne House, Berkeley-square, London, 
W.1. (Telephone: GROsvenor 4060.) 





ALUMINIUM CASTING ALLOYS.—Messrs. Alar Limited, 
35, New Broad-street, London, E.C.2, have sent us two 
further data sheets in their series relating to aluminium 
casting alloys. These deal, respectively, with the 
aluminium-copper alloy L.A.C.10 and the aluminium 
alloy D.T.D.428. The information given for each 
includes chemical composition, mechanical properties, 
strength at elevated temperatures, physical properties, 
machinability, corrosion resistance, casting characteris- 
tics, heat treatment and typical applications. Copies of 
the data sheets may be obtained on application to the 
firm. 





PLANNED INSPECTIONS IN THE ROYAL AIR FORCE.— 
Demobilisation, with the consequent return to civil life 
of highly trained mechanics and the lack of recruits to 
take their places, has made it necessary for the Royal 
Air Force to review its system of maintenance so as to 
ensute that full use is made of available manpower. 
Increasing attention is being paid, therefore, to time 
and motion study, particularly on major inspections. 
Hitherto, during inspections, each mechanic was given a 
list of the jobs he had to carry out on a particular air- 
craft, and to a large extent he pleased himself regarding 
the’ manner and order in which this work was completed. 
As a number of mechanics of varying trades are em- 
ployed on the inspection of a single aircraft, this system 
resulted in a lot of waste of time due to the mechanics 
getting in each others way and waiting to gain access 
to such places as gun turrets and cockpits. In order 
to prevent this, the Air Ministry have instituted a 
scheme of planned inspections in which the work is 
arranged in a definite sequence so that the mechanics 
do not hinder each other. Furthermore, each operation 
has been studied by a team of experts and a definite 
time has been allocated, thus ensuring that so long as 
each operation is completed within the given time, the 
inspection progresses smoothly. The new methods are 
being taught to all ranks of the Royal Air Force, from 
aircraft apprentices to chief technical officers, by means 
of specialist courses. A film shown recently at the Air 
Ministry sets out clearly the main essentials of the new 
scheme. 
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NOTES FROM THE. NORTH. 


GLasaow, Wednesday. 


Scottish Steel.—There is heavy pressure for supplies 
from all branches of the home market, and the makers 
have to apportion output as fairly as possible to avoid 
as far as feasible any consumer having to lay off men 
or bold up orders. Plates and sections are moving in 
heavy quantities to the shipbuilding and engineering 
industries, and order books are sufficient to keep makers 
fully employed for six months without taking further 
orders. Sheets are also very scarce, and new business 
cannot be accepted for less than about eight months’ 
delivery. The recent strike of bricklayers involved the 
industry in the loss of more than 100,000 tons of steel 
ingots. The weekly outputs of ingots are still considerably 
below capacity owing to the accumulation of furnace 
repairs, but recovery is proceeding steadily, and by the 
beginning of next year full normal output should be 
restored. Messrs. Shotts Iron Company are reported 
to be ceasing pig-iron production at their three small 
furnaces. It is understood that the Shotts units, which 
turn out some 1,200 tons a week, will stop production 
after the New Year holidays. Messrs. William Dixon, 
Limited, on the other hand, ar® engaged in preparations 
to blow-in one of their Dlast-furnaces at Govan Iron 
Works, and in many cases the men released from Shotts 
will find employment there. 

Scottish Coal.—Outputs have continued at the improved 
level of approximately 460,000 tons a week, and the 
supply programme is being maintained fairly satis- 
factorily. Industrial stecks may be expected to fall 
next month unless the weather proves to be exceptionally 
mild. Electric-power companies are operating at a high 
rate of consumption, but so far stocks have been kept 
intact. The shortage of doubles for gas-producer 
plants remains acute ; other nuts have been scarce also. 
Large coal has been in fair supply to meet the basic 
programme requirements, but no reserve margin remains. 
The blowing-out of the Shotts furnaces, it is estimated, 
will ease the coal situation in the West of Scotland 
appreciably. The 1,600 tons to 2,000 tons now used for 
smelting pig-iron will be a windfall for local industry. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 

The Welsh Coal Trade.—It. is expected that the 
American coal strike will result in an increased demand 
for bunkers on the Welsh steam-coal market for delivery 
at the principal overseas coaling stations. The bunker 
trade has been busy for some time past, but ordinary 
export trade has been almost completely in abeyance. 
Deliveries under the month’s quota, which amounted to 
only 7,000 tons of coke breeze, had been completed 
some time ago. During the whole of this year, it is 
expected that deliveries of coal and coke from the six 
leading South Wales ports will amount to only 5,000,000 
tons. This figure includes all coal shipped, both as cargo 
and bunkers, to foreign and home destinations. In 1938, 
the last complete pre-war year, the ports dealt with over 
19,000,000 tons of coal and coke. The demand from 
inland sources was active throughout the past week for 
practically all grades. Most collieries state they are 
fully engaged until well into January, and the position 
ahead is not much easier. Outputs, although main- 
taining their recent improvement, are still insufficient 
to meet all requirements and producers are consequently 
still making careful allocations in order to secure an even 
distribution. The only coal being shipped as cargo to 
ordinary overseas consumers is a limited quantity of the 
very poorest sorts, which are being sent to Eire. There 
is a sustained demand for bunkers, both for shipment 
at the South Wales ports and for delivery to the Mersey. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, while there was a slight reduction in the 
volume of busi tr cted in tin-plates, the strong 
home and export demand showed no signs of relaxation. 
Makers can readily dispose of the increased production, 
which, in recent weeks, has been greater than it has been 
for some considerable time. The export market is 
quiet as, owing to home users’ unsatisfied requirements, 
makers have only very limited quantities to sell. Steel 
sheets are unchanged and as makers are heavily com- 
mitted for some months, they are only able to accept 
new business of high priority.. The iron and steel scrap 
market is not active. . 








OZONE GENERATORS.—An i!lustrated leaflet describing 
the “‘ Viscozone ” generators manufactured by Messrs. 
Visco Engineering Company, Limited, Stafford-road, 
Croydon, has been issued by that firm. The generator, 
which is electrically operated, is made in a number of 
types, both fixed and portable, and is recommended for 
use in situations where sterilisation and deodorisation 
is desirable, such as refrigerators and: food stores, can- 
teens, ships’ holds, and for industrial processes which in- 
volve unpleasant odours, and sewage pumping stations. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. ~“ 


Tron and Steel.—Manufacturers in the steel-consuming 
industries are hopeful that, as a result of negotiations 
now being conducted, imports of high-carbon steels from 
the United States will be resumed on a sufficiently large 
scale to provide the additional sheets and bars required 
to keep their departments fully employed. Order books 
are well filled, but production is retarded by a shortage 
of materials and the indifference of some of the younger 
men to their duties. Fuel supplies are very short; 
steelmakers who have had to submit to a 15-per cent. 
curtailment in supplies of gas, have pow been asked to 
cut down their consumption still further. Makers of 
stainless steels have a great deal of work on hand, and 
are behind with deliveries. Transport delays haye 
increased with reduced hours of daylight and bad 
weather, combined with a shortage of wagons. - 

South Yorkshire Coal Trade.—It has not been possible 
to make the best of the greater willingness of some 
miners to produce more coal, because the weather has 
impeded the working of empty wagons back to colliery 
screens. Some of the most modern coal-cutting and 
loading machinery has arrived at the South Yorkshire 
collieries, so that production should be stepped-up con- 
siderably before long. Great pressure for supplies is 
being experienced, and it is impossible to comply with the 
urgent demands. Public-utility undertakings are pressing 
for deliveries to enable them to cope with the increased 
consumption of gas and electricity. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Existing obstacles fo the transac- 
tion of new business are depriving iron and steel producers 
of any benefit from the present sellers’ market. Order 
books are greatly congested and makers of nearly all 
descriptions of material are too extensively sold to 
entertain customers’ offers. The purchase of much- 
needed commodities, for anything like near delivery, is 
impossible, and in some instances waiting periods extend 
into the second half of next year. The shortage of wagons 
has checked the distribution of tonnage to a serious 
extent, but the matter is receiving close attention and 
hopes are entertained of an early relief of the block at 
the loading stations. In the interest of home industries, 
allocations of commodities to overseas buyers have been 
severely cut, but the total tonnage available for domestic 
needs still falls short of the demand. 

Foundry and Basic Tron.—The suspension of the output 
of foundry pig iron renders necessary the increased 
use of parcels from other producing areas, and the larger 
deliveries of Midland brands to North of England con- 
sumers are very welcome. Light-casting plants would 
welcome still larger supplies. The output of basic iron is 
passing promptly into use at the adjacent steelworks. 

Hematite, Low-Phosphorus and Refined Iron.—¥ast- 
Coast hematite is in fairly satisfactory supply, but, 
while the distribution is sufficient to cover requirements 
for home purposes, merchants are still unable to secure 
export licences. Makers of low- and medium-phosphorus 
grades of iron are able to meet. the increasing demand. 
The production of refined iron is steadily taken up. 

Manufactured Iron and Steel.—Firms turning out semi- 
finished iron have a good deal of work in hand and are 
satisfying the users’ actual needs, while manufacturers of 
finished iron are dealing adequately with most demands, 
but the position in regard to steel continues unsatisfactory. 
The insatiable demand for larger supplies against running 
contracts and the growth in arrears of delivery are per- 
turbing and the prespeets of much improvement in the 
situation in the near future are slight. Steel semies 
continue in seriously short supply and the scarcity 
of billets, blooms and slabs is threatening to interrupt 
operations at the consuming works. The rather better 
supplies of sheet bars are not sufficient to meet urgent 
requirements. Finished-stee] producers are increasingly 
disinclined to add to their heavy commitments. Makers 
of sheets and plates cannot keep pace with their custo- 
mers’ pressing requirements and plants manufacturing 
railway requisites have a great deal of work to execute. 
Orders in hand for all types of colliery equipment are 
substantial and pit props, arches and pit roofings con- 
tinue in strong demand. 





DisPosaL oF RESERVE ELECTRICAL PLANT.—In a 
written answer to Mr. P. Freeman, the Minister of Fuel 
and Power (the Rt. Hon. E. Shinwell), in the House of 
Commons, on Tuesday, November 19, said that the 
electrical equipment now standing in docks in South 
Wales was part of a reserve pool which had been built up 
for war purposes. Much of it was unsuitable for regular 
use and was now being sold to foreign combines, and some 
to U.N.R.R.A. None was being sold abroad which 
could be used to relieve the shortage of generating plant 





in this country. ! 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








SOCIETY OF ENGINEERS.—Monday, December 2, 5 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“Copper Alloy Resistance Materials,’ by Dr. H. G. Taylor. 

INSTITUTION OF MECHANICAL ENGINEERS.—WNorth- 
Eastern Branch: Monday, December 2, 6 p.m., Neville 
Hall, Newcastle-upon-Tyne. “The Model in Aero- 
nautical Research,” by Mr. W.. G.. A. Perring. South 
Wales Branch: Tuesday, December 3, 6 p.m., Mack- 
worth Hotel, Swansea. “‘ The Ljungstrém Turbine,” by 
Mr. R. Parker. Yorkshire Branch: Thursday, Decem- 
ber 5, 7 p.m., Royal Victoria. Station Hotel, Sheffield. 
**Methods of Measuring Torque,” by Mr. A. L. M. 
Douglas and Dr. H. Ford. Jnstitution: Friday, De- 
cember 6, 5.30 p.m., Storey’s- gate, St. James’s Park, 
8.W.1. * Free-Piston Compressor-Engines,” “by Mr. 
H. O. Farmer. East Midlands Branch: Friday, Decem- 
ber 6, 7 p.m., Technical College, LincoIn. ‘“‘ Radar,” by 
Dr. O. G. Sutton, 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre : Monday, December 2, 6 p.m., James Watt 
Institute, Birmingham. ‘“ Extinction of Ares in Circuit 
Breakers,” by Messrs. A. Allanand D.F. Amer. ‘“ Design 
of High-Voltage Oil Circuit Breakers,” by Messrs. H. E. 
Cox and T. W. Wilcox. Mersey Centre: Monday, 
December 2, 6 p.m., Royal Institution, Colquitt-street, 
Liverpool. “ The Ghesters,”’ by Mr. EB. Leete. “‘ Gas 
Cushion Cable System for Highest Voltages,” by Mr. 
T. R. P. Harrison. North Midland Centre> Tuesday, 
December 3, 6 p.m., Corporation Electricity Dept., 
Whitehall-road, Leeds. ‘“ Power Supply for Generating 
Station Auxiliary Services,” by Mr. W. Szwander. Also 
at Tees-Side Sub-Centre: Wednesday, December 4, 
6 p.m., Technical Institute, Corporation-road, Middles- 
brough. Also at the Institution: Thursday, Decem- 
ber 5, 5.30 p.m., Victoria-embankment, W.C.2. Radio 
Section: Wednesday, December 4, 5.30 p.m., Victoria- 
embankment,. W.C.2.. “‘ Wave Propagation Using the 
Impedance Concept,” by Dr. H. G. Booker. Measure- 
ments and Transmission Sections : Friday, December 6, 
5.30 p.m.,; Vietoria-embankment, W.C.2. Discussion on 
“ Protective, Relays,” opened by Mr. C. Ryder. 

INSTITUTION OF PRODUCTION ENGINEERS.— Yorkshire 
Section : Monday, December 2, 7 p.m., Hotel Metropoie, 
Leeds. “Research and Production Engineering,” by 
Mr. W. Armstrong. Nottingham Section: Wednesday, 
December 4, 7 p.m., Victoria Station Hotel, Nottingham. 
** Modern Die Forging Practice,’”” by Mr. H. M. H. Fox. 

INSTITUTION OF CIVIL. ENGINEERS.—Tuesday, Decem- 
ber 3, 5.30 p.m., Great George-street, S.W.1. “‘ The 
Relationship of Runway Thickness and Undercarriage 
Design to the Properties of Sub-Grade Soil,”’ by Mr. H. Q. 
Golder. Yorkshire Association: Friday, December 6, 
7 p.-m., Royal Station Hotel, York. “Human Side of 
Engineering,’’ by Mr. J. Taylor Thompson. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
December 3, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. “* Nitric Acid Production,” by 
Mr. F. E. Warner. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday , 
December 3, 6 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. “ Powder Metallurgy,’ by Messrs. 
J. A. Judd and W.H. Tait. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
December 3, 6.30 p.m., 198, West-street, Sheffield. 
** Sheet Metal Drawing,” by Professor H. W. Swift. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, December 3, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. “* Resistance to Cavitation 

Erosion of Propeller Alloys,” by Dr. R. Beeching. 

Roya Soctrery or ArtTs.—Wednesday, December 4, 
5 p.m., John Adam-street, W.C.2. “ William Jackson 
Pope and His Times,” by Dr. L. H. Lampitt. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.— Wednesday, December 4, 6 p.m., Institution of 
Mechanical Engineers; Storey’s-gate, S.W.1. “ Chemical 
Descaling of Boilers,” by Mr. R. H. Burns. 

“RoyaL AERONAUTICAL SocieTy.—Thursday, Decem- 
ber 5, 6 p.m., Institution of Civil Engineers, Great George - 
street, S.W.1. “ Protection of Aircraft Against Ice,”’ by 
Mr. J. K. Hardy. 

Royvat Statistical SocieTy.— Industrial Applications, 
London Group : Friday, December 6, 6 p.m., 2, Savoy- 
hill, W.C.2. “ Statistics in America: Factory Organisa- 
tion,” by Mr. W. Bennett. 

JUNIOR INSTITUTION OF ENGINEERS.—Western Group : 
Friday. December 6, 7.30 p.m., Merchant Venturers’ 
College, Bristol. “ Engineering Aspects of Atomic 
Energy,” by Dr. Herbert Chatley. Institution: Friday, 
December 6, 6.30 p.m., 39, Victoria-street, S.W.1. Dis- 
cussion Groups. North-Western Section: Saturday, 
December 7, 2.30 p.m., 16, St..Mary’s Parsonage, Man- 
chester, “ Short Circuit Testing Stations,” by Mr. R. J. 
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(For Description, see page 511.) 
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MILES AIRCRAFT.—We have received a copy of a 
Magazine, entitled Milestones, published by Messrs. Miles 
Aircraft, Limited, of Reading, and principally intended 
for distribution overseas. The articles, written by 
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members of the staff and outside contributors, cover a 
wide range of topics, including British air power, a plea 
for the preservation of the fertility of the soil, a discus- 
sion on the design of small sailing boats, the firm’s produc- 
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Fig. 5. Enp-Rop Measuring Dervice. 


tion system and technical education system, and severa) 
others. Mr. Feliks Topolski has contributed some sketches 
of the factory. The magazine makes interesting reading 
and has a particularly attractive appearance, 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 





We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMr.ie Bak 3663 and 3664. 


All editorial ce should be addressed 
to the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The Nationa] Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


The price per copy of “ENGINEERING” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. At the same time, the 
edition printed on thin paper for foreign circu- 
lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 


Twelve months, including postage, for the 
United Kingdom and abroad £4 10s. 0d. 
and pro rata for six or three months. 


Canada, for twelve months, £4 5s. 0d. 


All current subscription orders will be com- 
pleted at the old rates. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour t, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch, 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counte for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
834 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS, 


——_—<——— 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 


received at least 10 days previous to the date of pub- 
Hoation, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves 
for advertisers’ blocks left in their possession 
than two years. 
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THE RATE FOR THE JOB. 


ALMosT any day announcements will be found in 
the daily Press inviting applications for vacant 
posts for which a lower salary is offered to women 
than to men. Examples taken at random a few 
days ago relate to assistants in the research depart- 
ment of the Foreign Office and a publicity assistant 
for the Electricity Department of the Borough of 
Fulham. Although the majority of these advertise- 
ments are concerned with occupations which do not 
lie within the field covered by this journal, a minority 
do, and in our advertisement columns of last week 
will be found an invitation for applications from 
men or women for posts as lecturers in building, 
commerce, engineering and science at a new training 
college for teachers to be opened in Huddersfield. 
There is not usually any suggestion that a man 
would be preferred to 4 woman, or vice versa, in 
connection with these appointments, and it may 
be assumed that the posts are filled by the appli- 
cants with the most satisfactory credentials, irre- 
spective of sex. In these circumstances, those who 
speak for women, and the interests of women, not 
unnaturally ask why, if a woman is appointed, she 
should not be paid the rate for the job. It is 
to be presumed that the work to be done justifies 
the higher salary offered to a man and the fact 
that a woman may be appointed is indication that 
she is adjudged capable of carrying out that work. 

This question of equal pay for equal work has 
been the subject of much discussion during recent 
years, and a number of organisations have been, 
and are, conducting agitations with a view to 
bringing about its acceptance and application by 
the Government, public bodies, and industry and 
commerce generally. The most active propaganda 
has been carried on in connection with what are 
conveniently known as “ black-coated” occupa- 
tions, but labour, 'in the collective sense, has given 
its official support to the claims which are put 
forward. The controversy, so far as it concerns 
salaried employees, tends to lay particular emphasis 
on administrative and teaching work, and many 
of the matters under discussion have but little 
relation to the engineering profession, but there are, 
none the less, some aspects of it which bear on the 
interests of professional engineers, and particularly 








on those who mein in some allied branches of 
applied science. 

Of the three adyertisements to which reference 
was made above, two emanated from public authori- 
ties and one from the Government. It is a fair 
assumption that bodies of the former type are 
inclined to follow the Government in this matter, 
and that the offering of different rates to men 
and women by local councils and similar bodies is 
based on Civil Service practice. According to the 
recent report* of the Royal Commission which 
has investigated the whole subject of equal pay 
for men and women, the reason given by the 

for the differentiation which is practised 
is that ‘‘ the pay offered to men and women, respec- 
tively, is judged to be ‘fair’ relatively to that 
received by men and women respectively in other 
occupations of similar difficulty and status.” In 
reply to this, the report states that several witnesses, 
representing both public and private bodies, con- 
tended that they were either unable or unwilling 
to institute a system of equal pay without a lead 
from the central authority. This deadlock is not 
likely to be resolved unless the Treasury changes 
its present practice, although some few bodies, of 
which the British Broadcasting Corporation is an 
example, have acted on their own initiative. 

The simple explanation given by the Treasury 
for what the report calls the “‘ pay-differential ” is 
probably incomplete ; historic causes and the whole 
story of what Mary Wollstonecraft and John Stuart 
Mill called “‘ The Subjection of Women ” obviously 
have much weight. It is of interest to note, 
however, that, as far as it goes, the Treasury explana- 
tion has a purely opportunist basis. As the business 
of a government is to practise justice and foster the 
interests of its country, it might reasonably be 
required that its practice should also be fair and 
economically sound. On an abstract basis, it is 
clearly not just to differentiate between individuals 
doing similar work by reason of some extraneous 
circumstance which has no relation to the duties 
which they are paid to carry out, and economically, 
it would not appear that the best woman candidates 
are likely to be attracted by salaries which they 
know to be less than those offered to men for 
the same job and which, presumably, represent the 
value of the services required. 

The whole matter, however, is not so simple as 
the Treasury explanation of Civil Service practice 
would suggest. There are factors which, quite 
apart from any question of ability, lower the econo- 
mic value of women. They have a higher sickness 
rate than men, their absenteeism for other causes is 
greater and the average length of their career of 
employment is shorter. In the Bank of England, 
60 per cent. of women leave before completing ten 
years’ service. In many salaried occupations, the 
employer is not only concerned with the work being 
done in the earlier years of engagement but also in 
the training which is being received. This training 
is provided by the employer, who expects to benefit 
from it in later years. An employee who is to leave 
at a stage when his experience would enable him to 
take a position of greater responsibility is of less 
economic value throughout his whole career than 
one who remains with his firm. 

These disabilities probably carry greater weight 
in the case of wage earners than of the salaried 
class. Many works managers who have to cope with 
a large labour turn-over would be more than satis- 
fied with a rate anywhere approaching that of the 
Bank of England. No figures appear to be given 
in the report of either absenteeism or turnover of 
professional women in salaried occupations, but it 
is probable that they are lower than those of salaried 
women in the clerical classes. A biologist or chemist 
undergoes educational training for a specific type 
of occupation and, having obtained a post, is more 
likely to remain in it than is a clerk, whose experience 
can be applied in almost any business organisa- 
tions. It is in connection with women who have 
qualified in a scientific subject that the equal-pay 
controversy is of direct interest to professional 
engineers and allied workers. The very extensive 
research activities now being undertaken under 


* Royal Commission on Equal Pay, 1944-46. Report. 
H.M. Stationery Office, York House, Kingsway, London, 
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Government auspices are creating large numbers of 
posts for engineers, chemists and physicists. These 
are, in genéral, made available to men and women 
and although the latter will not be likely to compete 
for the engineering positions, they will and are doing 
so for thosé open to chemists and physicists. The 
present position, under which women are offered a 
smaller salary, is actually as unfair to men as to 
women. If two competitors, of opposite sex, 
have credentials so nearly equal that there is little 
to choose between them, there may well be a 
tendency to favour the woman unfairly because 
she is cheaper, not because she is better. It might 
appear that this condition could not be rectified 
without the adoption of equal pay throughout the 
Civil Service, which the report estimates would cost 
something between 51. million and 10/. million a year, 
but actually the principle of equal pay has already 
been conceded in the cases of women medical and 
dental practitioners. 

The question of the rate for the job is much less 
clear cut in the case of wage earners, and the position 
has been complicated by the dilution practised 
during the war. The Trades Union Congress has 
subscribed to the doctrine in general terms, but that 
has not altered the fact that individual unions have 
rules about what work a woman may, or may not, 
do. There seems little doubt that the disabilities, 
either natural or imposed, under which women wage 
earners work, lower their economic value. This 
question of the reduced economic value of indi- 
viduals with closely restricted overtime, who are 
not available for emergency night work, runs 
through the whole of manufacturing industry. In 
a memorandum to the report, dissenting from some 
of its clauses, three women members of the Commis- 
sion suggest that there is no medical evidence that 
night work is injurious to women, and, incidentally, 
night work is a commonplace in the nursing pro- 
fession. In spite of this opinion and fact, however, 
it is unlikely that the present practice and legal 
restrictions will be altered. 

In an appendix, the report gives a number of 
tables setting out the time lost, due to sickness 
and other causes, by men and women in a variety 
of occupations. As an example, one furnished 
by the Ministry of Supply, and evidently relating 
to the war period, shows that in light engineering 
17-37 per cent. of possible shifts were lost by women 
compared with 8-32 per cent. by men. No statis- 
tical information is given, however, about the 
respective labour turnover of men and women, 
although this has important relation to economic 
value. It is suggested that the higher figures for 
time lost by women are due to the fact that fre- 
quently they have to combine household duties 
with their employment, but that does not affect 
the fact that irregular attendance reduces their 
efficiency as units in a commercial organisation. 

In the engineering manufacturing industry, there 
are comparatively few cases in which men and 
women are doing the same work and in which any 
claim by the latter for the man’s rate for the job 
can be sustained. No doubt, in many shops, youths 
and women are engaged in similar repetition opera- 
tions, but usually, or always, these will be paid for 
on a common piece-work basis. This is not to say 
that arguments will never arise. A case of lens 
polishing is quoted in the report; the A.E.U. 
claimed that the men’s piece-work rates gave a 
yield of 2s. 23d. per hour and the women’s only 
ls. 6d. per hour. The employers reply was that 
men and women were not doing similar work; the 
men’s was either heavier or demanded a higher 
degree of accuracy. 

As far as engineering is concerned, the whole 
question of equal pay has been given a false emphasis 
by the dilution necessarily practised during the war. 
The dissenting memorandum, which has been 
referred to, points out that the experience gained 
during that period has shown that much work 
normally restricted to men can be done by women 
if special mechanical arrangements are introduced 
to compensate for their lesser physical strength. 
This is true, but it does not demonstrate that mea- 
sures adopted for an emergency in which costs of 
production were ignored can be profitably main- 
tained under a regime in which British manufactures 
have to compete in the world market. 
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THE REPLANNING OF HULL. 


THE city and county of Kingston-upon-Hull—or 
merely Hull, as it is more commonly known—is of 
a respectable antiquity and would be regarded as 
old if there were not so many towns and cities in the 
British Isles which. can trace an unbroken existence 
from. Roman or even pre-Roman times. Its civic 
history dates from 1299, when its first charter was 
granted by the then King, Edward I, and it has the 
unusual distinction of being planned from the outset 
to serve the purposes of a port for the north and east 
Midlands, serving not only as a centre for shipping 
(and, for many years, of a flourishing whaling 
industry) but also as a distributing centre for 
imported goods. The importance which it attained 
in this respect, by reason of its inland water com- 
munications, was increased by the advent of rail 
transport, so that the industries of the town main- 
tained a steady level of prosperity, which was helped, 
no doubt, by their diversity ; but modern methods 
of warfare clearly exposed the city (as it had become 
in 1897) to considerable risk of attack, and such 
fears were fully realised during the recent war. 
Though the built-up area of the municipality had 
expanded to some extent between the wars, and 
there had been some clearance of old property, the 
central district was very congested, possibly because 
of the restrictive effect of Hull’s rather peculiarly- 
arranged system of railway lines; and, in conse- 
quence, the successive air raids did a great deal of 
damage in a comparatively small space. Out of 
80,000 houses in the city, 3,324 were destroyed 
beyond repair, and there were nearly 115,000 
instances of reported damage. The industrial areas 
suffered severely, the milling industries (flour and 
oil seeds) being particularly badly hit; but the 
damage was so widespread among the city’s indus- 
tries that their post-war recovery has been con- 
siderably hampered. The total extent of the damage 
is probably comparable with that of Plymouth, 
although, individually, no devastated area of Hull 
is as great as those that Plymouth can show. 

The need for extensive reconstruction being evi- 
dent, it was only common-sense on the part of the 
municipal authorities to consider at the same time 
the possibility of improving the city’s amenities in 
various directions. They therefore consulted Sir 
Patrick Abercrombie and the late Sir Edward 
Lutyens, whose report and joint plans, completed 
by Sir Patrick, have now been published in book 
form.* Some years previously, the authors had 
visited Hull as members of the Royal Fine Art 
Commission and had reconnoitred the ground to 
some extent, though with no idea that they would 
so soon have an opportunity to apply themselves 
seriously to the development of a reconstruction 
scheme. The earlier visit, however, had aroused 
their interest in the possibilities of such a situation, 
and the result shows with what care and attention 
to detail they applied themselves to it when the 
opportunity came. 

In preparing the proposals, they have had regard 
to three main considerations, namely, the national, 
regional and local functions of the town as it is and 
as it may become in the future. Firstly, as the 
preamble to the report explains, it was necessary 
to ascertain or assume what place it must be expected 
to take in the national economy—for example, 
whether future developments would involve an 
expansion or contraction of specific industries or 
a change in the general character of the area; “a 
determination of the nation to eat fish as a staple 
diet instead of as an expensive luxury,” to quote 
the report, might introduce material changes. 
Secondly, there was the relation of the town to its 
setting ; and thirdly, there was the study of the 
internal economy of the municipality—“‘ a search- 
ing of the civic conscience’ to ascertain whether 
“all was well within, before the damage suffered 
from external violence.” 


So far as these considerations involve such: 


domestic questions as housing and the provision of 
adequate shopping facilities, they must be regarded 
as somewhat outside any discussion that can be 





* A Plan for the City and County of Kingston upon 
Hull. A. Brown and Sons, Limited, Perth-street West, 
Hull. [Price 15s. net; 16s. including postage.) 
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devoted to the report in these:columns ; but there 
are technical questions, also involved in the pro. 
posals, which may be accepted as this journal’s 
legitimate concern. Prominent, among these are the 
related subjects of industrial expansion, communica- 
tions, and such engineering works as these may 
necessitate. Taking first the broad view, Professor 
Abercrombie considers that the war is likely to 
accentuate trade with Russia and northern Europe, 
and there is little reason to expect that the trade 
which hitherto has belonged to Hull may be diverted 
to any other port on the east coast ; hence the port 
facilities will continue to be a significant economic 
feature, and can be readily extended downstream 
if necessary. A proposal of particular interest is 
that for impounding the waters of the River Hull, 
which flows through the town into the Humber, and 
to extend the industrial region northward along its 
banks, though it is recognised that any such develop- 
ment would introduce problems of drainage in the 
Hull Valley which would require careful study and 
treatment. It is proposed also that the channel 
of the Hull should be widened to accommodate 
vessels of 10,000 tons, though this would necessi- 
tate designing the new bridge, required to carry the 
Holderness-Hessle Road over the river, to give a 
clear height of at least 40 ft. above ground 
level. A minimum of 50 ft. would seem to be 
better. 

The rearrangement of communications is closely 
tied up with the proposed high-level bridge across 
the Humber; which, indeed, must dominate any 
schemes for the alignment of main roads, and, since 
it would offer an alternative route to the present 
areat North-road, might influence very greatly the 
industrial layout of a considerable area on both sides 
of the river. Proposals for a bridge at Hessle 
were before Parliament in 1930-31 and, with certain 
navigational reservations, were approved by a 
Committee of the House of Commons. Subse- 
quently, the scheme was dropped, but post-war 
conditions might easily influence its revival, and 
there is no doubt that Professor Abercrombie, at 
any rate, would welcome this, though he shows 
himself fully aware of the constructional magnitude 
of the undertaking; a suspension span of some 
4,500 ft. would seem to be necessary, as he points 
out, which would make it the longest suspension 
bridge in the world. 

The problems of road and rail communications 
are inter-related more closely than in some urban 
areas, because an essential part of the plan is to 
free Hull from some of its present transport handi- 
caps by doing away with the girdle of ground-level 
railway lines, and their associated level crossings, 
which cause unusually numerous and troublesome 
delays to road traffic. It is proposed to clear the 
whole of the central area of the town of its present 
network of street-level railway lines and to widen 
the high-level lines, where necessary, to carry all 
passenger traffic. The present Paragon station 
would be resited eventually at Wright-street. The 
removal of certain low-level railway tracks would 
release land for road developments, and this con- 
version from railways to roads is an essential part 
of the proposed road scheme. In a city of such a 
historical background as Hull possesses, the road 
layout is likely to be regarded by the inhabitants 
as almost sacrosanct ; they may welcome extensions, 
while objecting to major realignments if these involve 
the elimination of familiar thoroughfares. It is 
interesting to observe, therefore, with what skill the 
Hull plan utilises the lines of existing roads while 
incorporating new spurs and connecting links, 
easing curves, and removing sharp corners. Much 
of the property which might have been affected has 
been demolished already by enemy action and much 
more was scheduled previously for demolition ; the 
road proposals, therefore, present perhaps the least 
difficult part of the scheme to accomplish, always 
provided that the associated scheme for the rail- 
ways, and the abolition of a number of level cross- 
ings, can be carried through.. Nothing has been 
said here about the industrial zoning proposals, but 
these follow accepted lines and the industries would 
probably conform broadly to them in any case. 
In general, it may be said that the Hull plan is 
attractive in its comparative simplicity, and should 
be feasible without undue expenditure or dislocation. 
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NOTES. 


Tue Roya Socrery. 


UNDER the statute of the Royal Society providing 
for the election of persons who have rendered con- 
spicuous service to science or whose election would 
be of signal benefit to the Society, Dr. C. J. Macken- 
zic, President of the National Research Council of 
Canada, has been elected a Fellow. Approval has 
also been received from His Majesty the King of 
the recommendation of the Council of the Society 
that two Royal Medals should be awarded during the 
current year. One of these will be presented to Sir 
Lawrence Bragg, 0.B.E., M.C., F.R.S., for his dis- 
tinguished researches in the sciences of X-ray struc- 
ture analysis and X-ray spectroscopy. The other 
Royal Medal has been awarded to Dr. C. D. Dar- 
lington, Director of the John Innes Horticultural 
Institution. Other awards made by the President 
and Council of the Society include the Copley Medal 
to Professor E. D. Adrian, O0.M., M.A., M.D., F.R.S., 
the Rumford Medal to Sir Alfred Egerton, M.A., 
F.R.LC., F.R.S., the Davy Medal to Professor C. K. 
Ingold, A.R.C.Se., F.R.LC., F.R.S., the Darwin 
Medal to Sir D’Arcy Thompson, C.B., F.R.S., the 
Sylvester Medal to Professor G. N. Watson, F.R.S., 
and the Hughes Medal to Professor J. T. Randall, 
F.R.S. Professor Adrian has conducted much re- 
search on the fundamental nature of nervous acti- 
vity, while Sir Alfred Egerton has taken a leading 
part in the application of modern physical chemistry 
to many technological problems of pressing import- 
ance. Professor Ingold is responsible for much 
distinguished work in the application of physical 
methods to problems of organic chemistry, and Sir 
D’Arcy Thompson has made outstanding contribu- 
tions to the development of biology. Professor 
Watson has done much work in pure mathematics, 
in the field of mathematical analysis, and Professor 
Randall is responsible for distinguished researches 
into fluorescent materials and into the production of 
high-frequency electro-magnetic radiation. 


THe ImperiaL CoLtteGeE Union Vacation Work 
ScHEME. 


The scheme inaugurated by the Imperial College 
Union in 1934, for providing students with practical 
works experience during the long vacation, has made 
notable progress since we referred to it a year ago, 
according to the annual report recently issued. In 
1945, the number who availed themselves of the 
opportunities thus provided was 467, of whom 227 
were drawn from the City and Guilds College and 
132 from the Royal College of Science ; the remain- 
der consisted partly of students from the Royal 
School of Mines and partly of those who, though 
accepted by the College, had not begun their scholas- 
tic courses. In the year ended October, 1946, the 
total number increased to 586, 371 coming from the 
City and Guilds College and 167 from the Royal 
College of Science. The firms, etc., offering to 
receive the students as temporary members of their 
staffs numbered 266, an increase of 36 over the 
previous year; and the 586 students worked a 
total of 2,931 weeks, for which they were remuner- 
ated by their temporary employers at an average 
rate slightly in excess of 2/. 15s. per week. A new 
development during the year was an exchange 
system, whereby certain students were enabled to 
obtain works experience in other countries— 
Belgium, Holland, Norway, Sweden and Switzerland 
in the present instance—and students from those 
countries were similarly accommodated by British 
employers. In addition, two parties of students 
visited the Continent during 1946. One party, 
numbering 61 students and College staff, spent 
ten days of their Easter vacation in Belgium, 
under arrangements made with Professor van 
Eepoel, President of the University of Brussels, in 
the study of Belgian industry; and the second 
party, 23 in number, went to Switzerland for a 
fortnight during the summer vacation, their tour 
being arranged by Professor F. Tank, Rector of the 
Ecole Polytechnique Fédérale, Ziirich. The scheme 
is organised by Mr. J. Newby, secretary of the 
Vacation Work Committee, Imperial College, 
Prince Consort-road, London, 8:W.7. 
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Buiwtpine ConsTRucTION AUXILIARY INDUSTRIES. 


The annual luncheon of the Federation of Associa- 
tions of Specialists and Sub-Contractors was held 
at the Dorchester Hotel, London, W.1, on Tuesday, 
November 26, the chair being occupied by the 
President, Mr. J. L. Musgrave, M.Inst.C.E. The 
Federation now comprises 15 organisations dealing 
with the ancillaries of the building industry, includ- 
ing concrete, structural steelwork, heating, venti- 
lating and lighting, etc. In proposing the toast 
of ‘“H.M. Government,” Mr. Musgrave dealt chiefly 
with the function of the Federation in relation to 
building reconstruction schemes and referred to the 
delays arising from shortages of material. In 
replying, the Rt. Hon. George Tomlinson, M.P., 
J.P., Minister of Works, said that, since the previous 
luncheon had been held, the foundations had 
been laid for the full development of the reconstruc- 
tion programme. The labour force of the building 
industry was built up by the return of men from the 
Services and the training of new apprentices, 
though the target of 1,250,000 aimed at would not 
be reached for some time. The production of 
bricks had risen from 140,000,000 in January of 
this year to 443,000,000 in October. The output 
of cement had increased from 391,000 tons in Decem- 
ber of last year to 582,000 tons in September of this 
year. Steel windows and metal doors and associated 
items had increased in volume between these last- 
mentioned dates by 100 per cent., but the lack of 
suitable steel sections was causing difficulty. In his 
department, he made full use of the knowledge 
possessed by experts in it, but he acknowledged the 
useful advice received from the Federation. The 
toast of “‘ The Guests ” was proposed by Mr. W. R. 
Cowen, chairman of Council, who remarked that the 
operatives had contributed to the success of the 
Federation’s efforts by accepting the substitution of 
materials and methods for those to which they had 
been accustomed. Mr. Michael Waterhouse, M.C., 
vice-president of the Royal Institute of British 
Architects, responded, and dealt with some of the 
present difficulties in respect of labour and materials. 


Tue Unrrep States NationaL Museum. 


During the war years, the ordinary work of the 
United States National Museum, which is directed 
by the Smithsonian Institution at Washington, 
suffered much the same kind of interruptions that 
afflicted the British national collections, except that 
there was not the same urgent need to evacuate the 
more valuable exhibits to places of safety; hence 
the annual reports, while appearing in more or less 
normal format, were somewhat irregular in their 
spacing. In fact, the reports for 1944 and 1945 
reached us simultaneously and may be conveniently 
reviewed together. In the Department of Engineer- 
ing and Industries, the war has intruded to a limited 
extent, notably by the acquisition of a prototype 
** jeep ’’—officially an ‘‘ Army truck, one-quarter 
ton, 4 x 4.” It is one of the first order of 62 
similar vehicles built in 1940 by the American 
Bantam Car Company, and later standardised by 
the United States Army for mass production. 
Other interesting motor cars are the 1903 Winton 
which was the first automobile to be driven across 
the United States (by Mr. H. Nelson Jackson, in 
1903) and a 1902 Oldsmobile, one of 2,500 of this 
make produced in that year, an output much above 
that of any other contemporary manufacturer. The 
aeronautical section has received the first experi- 
mental jet-propelled aircraft to fly in the United 
States, the Bell Airacomet XP59A, which was flown 
by R. M. Stanley, the Bell Corporation’s chief test 
pilot, on October 1, 1942; it has two Whittle jet 
engines, constructed by the General Electric Com- 
pany of America. Another war-time engineering 
exhibit is a sectioned radial nine-cylinder Diesel 
engine, as used in the U.S. Army’s M3 light tank. 
Exhibits of earlier historical status, which have been 
acquired in the years under review, include a 
Marconi coherer and spark transmitter, as developed 
for aircraft use ; an original street electric fire alarm, 
as installed in Boston in 1851; original builders’ 
block models of boats used in the Florida sponge and 
shrimp fisheries; and from the late President 
Roosevelt, @ paraffin-burning brass bulkhead lan- 
tern which was formerly in the first-class passengers’ 





lobby of the first Mauretania. 








OBITUARY. 


MR. J. D: WATSON. 


OnE of the most important, but least publicised, 
benefits that engineers have given to the world in 
the past century is that of improved methods of 
dealing with sewage ; and it is with much regret, 
therefore, that we record the death of one of the 
most outstanding specialists in this field, namely, 
Mr. J. D. Watson, formerly engineer to the Bir- 
mingham, Tame and Rea District Drainage Board, 
and a past-president of the Institution of Civil 
Engineers. Mr. Watson, who was in his 87th year, 
died at his home in Birmingham on November 23. 

John Duncan Watson, who was born on March 7, 
1860, received his general education at Dundee 
High School and his technical training as a pupil 
of James Watson, M.Inst.C.E., of Bradford, who 
was at that time the Dundee water enginver. 
Eventually, he became Mr. James Watson’s chief 
assistant and, after occupying that position for two 
years, mainly in connection with extensions to the 
Dundee Waterworks, he was appointed burgh sur- 
veyor of Arbroath. As such, he was responsible 
for both water supply and drainage works, in 
addition to the mare general duties of the office, 
and, during his six years at Arbroath, he carried out a 
considerable extension of the water-supply system. 
In 1890, he was appointed county surveyor of 
Aberdeen and in that capacity was responsible for 
various public buildings and bridges, but it was 
not until 1899 that he could be said to have 
embarked on the main work of his life, when he was 
appointed engineer to the Birmingham, Tame and 
Rea Drainage Board. 

Mr. Watson’s service with the Board continued 
for 24 years and in the course of it some notable 
drainage and sewage works were constructed under 
his supervision. The Board was the result of the 
co-ordination of eight local drainage authorities, 
covering a district with a population of about a 
million persons. The first works for which he was 
responsible consisted of a large sewage farm, with 
many miles of sewers and culverts, a sludge-disposal 
scheme to handle daily 800 tons of sludge, to be 
conveyed over a distance of 3} miles from the 
precipitation tanks, and a number of septic tanks 
and: percolation bacteria beds, an innovation which 
has been widely copied since. These contracts were 
described by him in a paper, presented to the 
Institution of Civil Engineers in 1910, which was 
awarded the Watt Gold Medal of the Institution. 
Mr. Watson was a pioneer in the treatment of 
sewage sludge by digestion and, arising out of his 
work in this direction, he had the inspiration to use 
the methane gas, evolved by the sludge, as fuel 
for a gas engine. This development, initiated by 
Mr. Watson in 1919, proved to be very successful 
and, as is well known, the installation which he put 
in at Birmingham has been considerably enlarged 
by the present engineer to the Board, Mr. H. C. 
Whitehead, M.Inst.C.E. As the originator of this 
type of power plant, Mr. Watson was consulted by 
many drainage authorities in all parts of the world, 
but possibly the most important installation of the 
kind is the Mogden station of the West Middlesex 
Drainage Board. 

Mr. Watson had been a member of the Institution 
of Civil Engineers, in the successive grades, for 
nearly 65 years; a corporate member for 60 years, 
and M.Inst.C.E. for more than 41 years. He was 
president in 1935-6 and gave an authoritative survey 
of the technique of sewage disposal in his presidential 
address, which we reprinted on page 496 of the 
140th volume of EncrngErine. His earlier work 
on sludge digestion and the utilisation of the resul- 
tant methane was described in the address on 
‘** Power Gas from Sewage,” which he delivered to 
Section G of the British Association at their Edin- 
burgh meeting in 1921 ; this was reprinted on page 
456 of our 112th volume (1921). In addition to his 
presidency of the Institution of Civil Engineers, 
Mr. Watson was an active supporter of all the prin- 
cipal societies in his special field, being a vice- 
president of the Royal Sanitary Institute and a 
past-president. of the Association of Consulting 
Engineers, the Institution of Sanitary Engineers, 
and the Institute of Sewage Purification. 
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THE IRON AND STEEL 
INSTITUTE. 


(Continued from page 497.) 


CONTINUING our report of the annual autumn 
meeting of the Iron and Steel Institute, held in 
London on November 13 and 14, we deal below 
with the afternoon session of November 13. 


THERMAL CONDITIONS WITHIN THE OPEN-HEARTH 
FURNACE. 


When the members reassembled at 2.30 p.m. on 
Wednesday, November 13, Mr. M. W. Thring 
introduced Section II, parts 10 to 14, and Section 
Ill, part 2, of the special report No. 37, entitled 
“The Influence of Port Design on Open-Hearth 
Furnace Flames.” An outline of the report will 
be found on page 486, ante, and the sections pre- 
sented by Mr. Thring dealt with various aspects of 
the subject of ‘Thermal Conditions Within the 
Open-Hearth Furnace.” 

The discussion was opened by Mr. T. Land, who 
stated that during the past five or ten years metal- 
lurgists had developed satisfactorily the technique 
of measuring the temperature of liquid steel. They 
were now advancing to the stage of measuring the 
rate of change of that temperature and controlling 
the rate of heat input into the steel. They were 
faced with the problem of what were the logical 
measurements to make in order to determine that 
control within reasonable limits. It would be very 
helpful to develop the theory of radiation inter- 
change within the open-hearth furnace to a stage 
which was a little nearer to the actual without 
making too many assumptions. A very few 
preliminary calculations seemed to show that the 
same type of relationship held, namely, that the 
heat transferred to the steel could be stated in 
terms of the difference of temperature between the 
roof and the slag. Thus, roof-temperature measure- 
ment was of first-rate importance and was not merely 
a matter of saving the roof from damage. 

Dr. A. H. Leckie said that the authors had 
developed a very convincing and simple theory of 
heat transfer in the open-hearth furnace and had 
shown that a proper heat balance depended upon 
two factors, namely, that the gas and air must mix 
completely and that the heat must be released from 
the flame to the bath. It was to be questioned 
whether Mr. Thring was right in dismissing so 
rapidly the conception, mentioned by Mr. H. C. 
Armstrong during the morning discussion, of the 
time during which the flame or hot gases stayed in 
the furnace. It was difficult to give a reason why this 
should be significant, but there was no doubt that 
it was significant in the minds of a great many 
practical melters. No clear explanation had been 
given by Mr. Thring of the question of roof tem- 
perature and downward heat flow and he agreed 
with Mr. Land that roof temperature must come 
into the picture. It had come out repeatedly in 
the report that a most important matter was the 
correct control of combustion rather than getting 
the maximum amount of gas into the furnace. 
With a smaller amount of gas it should be possible 
to get the same amount of heat into the charge as 
was now done with a larger quantity of gas and 
fess control. 

Dr. E. H. Fehling thought that metallurgists were 
witnessing the opening stages of a great campaign 
towards improved furnace design. There were, at 
least, three reasons why, in his view, there had been 
no spectacular advances hitherto. The first was 
the obvious one of materials and slag; there was 
no need to dwell on that. The other reasons were 
not quite so obvious, but the second was that there 
had been a lack of really large-scale experiments 
such as those described in the report, and the argu- 
ment had always been that they were too expensive. 
It should be clear, however, that even if the most 
elementary of the recommendations made in the 
report were introduced, they would prove to be good 
paying propositions. The third reason was that for 
many years throughout the field of combustion and 
furnace technology, there had not been sufficient 


insight into the major importance of the physical 


application of what was now termed modern 
technique. The increase in the theoretical combus- 
tion temperature was the most important single 
factor to raise the bath output and thermal efficiency 
simultaneously. In this connection the authors had 
not mentioned the calorific value of the gas. Some 
years ago he was concerned with a report to the 
British Iron and Steel Federation in which it had 
been shown that it was possible, by preheating, to 
increase the calorific value of producer gas by about 
40 B.Th.U., and this resulted in the increase of the 
combined efficiency of the gas producer and furnace 
by 25 per cent., due to thermal factors alone. If, 
on top of this, the theoretical combustion tempera- 
ture were increased by increasing the calorific value 
of the gas, the melting time was shortered and the 
increase in overall efficiency would be much more 
than the 25 per cent. just mentioned. As regards 
roof temperature, the importance of developing new 
materials which would stand a temperature 50 deg. C. 
higher than the present roof materials would, was 
well appreciated. The question of the cost of the 
necessary research need not be considered. Someone 
should be given carte blanche to solve the problem. 

In a brief reply, Mr. Thring stated that it was his 
belief that in the ideal furnace the roof temperature 
and the flame radiation should be measured ; cer- 
tainly, however, the roof temperature must be 
measured first. The flame radiation measurement 
was a luxury, but it had a value. The first step 
was to get the roof temperature up to the desired 
figure, but before work in that direction could be 
carried out it was imperative for the necessary 
instruments to be installed on a number of furnaces. 
There were three categories of instruments. All 
furnaces should be fitted with instruments for the 
control of ordinary everyday operations ; this was 
the first category. In the second category were 
what might be termed “luxury ” recorders, which 
should be installed on at least one furnace in every 
melting shop; one such instrument would be for 
measuring the front-wall radiation. The third 
category of instruments included research tools, 
such as the heat-flow meter and the narrow-angle 
radiometer. Dr. Fehling had mentioned calorific 
value ; there was a table in the report which dealt 
with this. He felt, however, that it was necessary 
first to put the house in order as regards air infiltra- 
tion before calorific value could be regarded as a 
primary method of improving performance. 


GENERAL CONCLUSIONS. 


Mr. W. Geary, acting as rapporteur, dealt with 
the general conclusions arrived at as a result of the 
research. Mr. Geary’s remarks were based on 
Section II, part 9, and Section III, parts 1 and 2, 
of special report No. 37. In the course of his 
speech he emphasised that industrialists could be 
assured of a commercial return by adopting the 
type of equipment suggested in the report. 

The discussion on the general conclusions was 
opened by Dr. R. J. Sarjant, who stated that the 
busy man would wish that the report had been 
boiled down somewhat; nevertheless, the fact 
that so much information had been collected and 
recorded emphasised the value of plant survey 
work. Questions of preheat, excess air, draught 
conditions, etc., were of the greatest importance. 
There was far more fuel wasted in this country 
through improper draught in furnaces than, prob- 
ably, in any other way, and in the case of the 
open-hearth furnace, proper recording instruments 
should be used to prevent it. He would not like 
it to go out from the meeting, however, that nothing 
had been done in the matter of instruments. He 
knew of one works in the Sheffield area which had 
in use every one of the four instruments recom- 
mended in Section III, part 1, of the report, 
namely, a producer-gas flow indicator and recorder, 
roof-temperature indicator and recorder, roof-pres- 
sure recorder, and air-flow meter and recorder. 
Furthermore, three of these instruments had been 
in use for many years. At the same time, instru- 
ments should not be used as mere “clocks,” but 
as something from which records could be obtained 
and analysed. 

The only other speaker, Mr. J. 8. Wright, said 
that there were many factors which might affect 





aspect and, therefore, there had been a lack of 





of the gas ports and emissivity. It had heen 
suggested during the morning session that the metal. 
lurgical charge might be standardised, but he main. 
tained that this could not be accomplished. Varia. 
tions in the charge necessarily caused considerable 
differences in the results under practical conditions 
of operation. In this connection, it should be 
emphasised that the investigators in the present 
to|research had used the same type of metal scrap 
throughout their trials. Other factors of importance 
were the conditions in which the lime was charged 
into the furnace and the varying amounts of water 
vapour in the gas, which would affect the flime 
temperature. These and other factors of a practical 
nature could account for considerable increases or 
decreases in the rate of working. On behalf of the 
Committee, a brief reply was made by Mr. 8S. W. 
Pearson, in the course of which he stated that 
apparently Mr. Wright had had insufficient time 
to go through the report thoroughly, as most of the 
answers to his questions were to be found within its 


8. 

The President adjourned the technical discussions 
until the following morning, Thursday, November 14. 
On the evening of Wednesday, November 13, how- 
ever, a display of cinematigraph films was given in 
the lecture theatre of the Institution of Civil Engin- 
eers. The films shown included a record of flame 
characteristics, by Dr. J. H. Chesters, entitled 
** Open-Hearth Furnace Flames ”’ ; records of obser- 
vations made by Mr. J. A. Hall, of the National 
Physical Laboratory, on “‘ A Photographic Investi- 
gation of the Brightness of Liquid-Steel Streams ” ; 
and “The Measurement of Liquid-Steel Tempera- 
tures”; and one entitled “The Control and 
Prevention of Distortion in Arc Welding,” released 
by the Lincoln Electric Company, Limited. 


(To be continued.) 





LETTERS TO THE EDITOR. 


“ ENGYNES..’’ 


To THE EprTor oF ENGINEERING. 


Smr,—In reference to Mr. J. F. Perrin’s letter of 
November 1, on page 448, ante, wherein he refers 
to the passage in Ecclesiastes (xii, 6) as a possible 
argument for a greater antiquity of the sakyeh 
than I indicated in my article, I would say that 
Biblical scholars are fairly well agreed that Eccle- 
siastes was written much later than Solomon’s 
time, possibly as late as 200 B.c.; and that there 
is no known reference to waterlifters other than 
the shadoof in Egyptian inscriptions or papyri 
until quite late dates. 

Ewbank (History of Hydraulic Machines, New 
York, 1841) appears to be the originator of the idea 
that this Biblical passage refers to the sakyeh ; but 
there are several other possible interpretations, and, 
even if it does refer to a waterlifter, this may 
equally well have been a cherad or even a simple 
sheave hoist. The older wells in the Arabo-Syrian 
areas were probably simple rope lifts without head 
gear of any kind. The famous wells at Beersheba 
now have camel-driven sakyehs, but somewhat 
farther east cherads are more frequent. 


Yours faithfully, 
HERBERT CHATLEY. 
4, Belgrave-road, 
+ Grosvenor, Bath. 
November 13, 1946. 





To THE Eprror oF ENGINEERING. 


Sir,—I always associated the “ silver cord ” with 
the very ancient arrangement of rope or cord 
running on a lower wheel, in the water, and an 
upper wheel. It raises a remarkable quantity of 
water. The entrapped air makes the cord glisten 
like silver. 
Yours, etc., 
JaMES WEIR FRENCH. 


Barr and Stroud, Limited, 
Anniesland, Glasgow, W.3. 





heat transfer, other than flame temperature, design 





November 13, 1946. 
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Nov. 29, 1946. 


THE INSTITUTION OF 
MECHANICAL ENGINEERS. 
(Concluded from page 499.) 


Ws conclude below our report of the discussion on 
the paper on “ Feed Distribution and Hunting in 
Marine Water-Tube Boilers,” presented by Mr. H. 
Hillier at an extra general meeting of the Insti- 
tution of Mechanical Engineers, held in London 
on November 8, 1946. 

Commander (E) H. Farquhar Atkins, D.S.O., 
D.S.C., R.N., said that he had been thinking on the 
same lines as Commander Brandreth. Rear-Admiral 
Dight had said that the boilers must be treated 
gently, and there could be no doubt about that ; 
but when one was suddenly attacked by aircraft, 
it did not seem to matter so very much about the 
boilers. In such a case, one usually tried to accele- 
rate as rapidly as possible, and he doubted very 
much whether hand operation would meet the case. 
The man concerned to screw down rapidly 
on the feed-check valves so that the boiler water 
did not go straight into the superheaters, but 
whether he would be quick enough was doubtful, if 
one were putting on all the spares at once ; the feed 
regulators did seem to do the job. His last ship 
was hit by a Japanese suicide bomber, and a splinter 
from the bomb went down into the centre boiler 
room and caught a small steam pipe there, so that 
everybody had to evacuate; but that centre boiler 
room went on steaming quite happily with nobody 
inside. If it had not been for the feed regulators, 
he did not know what would have happened. 
Commander Baker’s criticisms of the theory had 
been somewhat shattering, but he would like to 
think over them a little more. He recalled one 
instance of a Foster Wheeler boiler which hunted 
and where they did not fit feed pipes; they fitted 
a feed trough. The feed pipe was in a trough, and 
the water was flowing over and being heated up in 
the steam space. That stopped the hunting. He 
suggested that, at least in naval boilers, the feed 
distribution along the length of the drum did not 
matter so much if the ship were pitching. Unless 
there were baffles, he could not see that it would 
matter where the water came in; in the Foster 
Wheeler boiler, little or no attempt was made to 
distribute the feed evenly, and it did not seem to 
affect the hunting at all. 

The author, in reply, protested that he was not a 
boiler designer; his paper was an effort to try to 
place the responsibility for a lot of things where it 
belonged. He had not.intended to suggest that the 
circulation augmentor introduced by Admiral Dight 
was responsible for hunting. Hunting was a problem 
which boiler designers had to face with forced circu- 
lation, natural circulation, water-tube or even 
Scotch boilers. He had seen Scotch boilers hunting 
at least 10 in. on the gauge glass, and a land boiler 
which could be operated only at one load. He was 
not certain that an even lengthwise distribution 
was required ; there had been boilers in which all 
the water was poured in locally without any effect 
on performance. On light loads, those boilers had 
something like an 80 times circulation, falling to 
eight times circulation at full load. There was a 
circulation in all sorts of directions, and the water 
would find its level with a very small difference in 
head from any point where it was put in. Perhaps 
4 in. to 1 in. would be sufficient to cause it to flow 
and take the general line of circulation. 

It had been suggested that, instead of a water- 
level control regulator, there might be what was 
known as a two-element control. In land power- 
station practice, regulators having two-element and 
three-element controls had been used, on large 
boilers in particular, and at high pressures. In a 
three-element control, steam pressure was measured 
and matched against the feed flow, and in two- 
element control steam flow was measured and feed 
flow matched against the characteristic of that 
measurement. Any variations from equilibrium 
were corrected by a water-level control. At light 
loads, those regulators had comparatively little 
force from the steam flow, because the force varied 
as the square of the flow, so that the control came 
back essentially to the water level on light loads. 
In all those cases, the feed regulators were indirectly 





connected to the points of measurement. An impulse 
was received which called for more or less water. 
That impulse set in motion some relay apparatus 
which controlled the regulation of the flow and gave 
more or less flow; but, because of the indirect 
connection, there was no inherent stabilising effect, 
and therefore-the time of operation of the regulating 
valve had to be restricted, so that the boiler could 
give a response which called for motion in the 
opposite direction. That device had to be set so 
that the minimum amount of overriding was 
obtained. He would suggest that an inherently 
stable regulator was to be preferred to one which 
required adjustment, and that adjustment could be 
correct for only one particular set of operating 
conditions. The greater number of boilers in land 
power-station work were controlled from water 
level only and gave satisfactory operation. In the 
marine field, almost all boilers were controlled from 
water level; there were very few examples of two- 
element or three-element cuntrol in service. In 
naval boilers, in particular, there were very large 
and rapid changes of loading; the water level 
could disappear out of sight at both ends of the 
gauge glass very quickly. Whatever regulator was 
provided for a naval boiler must operate off the 
water level, and any damping device in the regulator 
was likely to cause trouble, particularly if mis- 
handled. He suggested that, wherever it was possible 
to get a regulator which would control from the 
water level only, the simplicity of that regulator 
was preferable to the more complicated apparatus. 

It had been suggested that forced-circulation 
boilers were not subject to hunting trouble in the 
same way as natural-circulation boilers. He con- 
sidered that it was fundamental in the operation 
of the boiler, whether forced or natural circulation, 
that the volume of steam increased as the load 
increased, and that a forced-circulation boiler was 
subject to swelling and subsidence in the same way. 
The first La Mont boiler bought by the Admiralty, 
when on shore test, hunted from top to bottom of 
the gauge glass. The circulating pumps, two in 
number, had a comparatively small suction head. 
It was thought that the operation of those pumps 
would be assisted if the incoming feed water were 
directed into the suction pipes of those pumps, but 
the effect was rather the reverse. The pipe was 
removed and a single pipe put in, perforated to 
discharge the water close to the surface, and the 
hunting was completely eliminated. Im another 
case, a La Mont boiler operating with a turbo- 
generator had an appreciable hunt, which caused 
variations in the speed of the turbo-alternator. The 
pipe was taken into the steam space of the drum, 
and completely steady operation was obtained after 
that alteration. In the ships in which hunting 
occurred, every time a boiler was tried solo, com- 
pletely steady operation was obtained. It was 
thought, therefore, that single boiler tests on shore 
should also be free from hunting. In his opinion, 
that should be the case, but almost every type of 
boiler which they had had tested had been subject 
to hunting at the commencement on shore. In 
each case, the internal feed piping had been modified, 
and satisfactory operation had been obtained after 
that modification. 

The different arrangements of piping which had 
been made did not vary a great deal in the amount 
of resistance to feed flow; the maximum which 
they had allowed was about 5 lb. per square inch at 
maximum power across the perforations in the pipe. 
It was difficult to see how any such resistance to 
feed flow could have any appreciable damping effect 
on a boiler feed pump delivering water at 500 lb. 
per square inch. He could not agree, therefore, 
with Commander Baker that there was any damping 
effect in the arrangements which they had tried for 
feed distribution. He did agree with him that it 
was probable that the boiling point was not reached, 
but he thought that the argument put forward in 
the paper was sound, that if one could heat to 
boiling point one would not get hunting. The 
difficulty was in the space available and with 
the type of the apparatus fitted for atomisation of 
the water, to ensure that the water was heated 
sufficiently. It was quite probable that it was a 
considerable way from boiling point, but, in the 
various cases where there had been trouble, there 





was no doubt that the modification of the feed- 
distributing piping had made all the difference 
between a ship which could hardly be run and one 
which would operate quite satisfactorily. It would 
be interesting to have two boilers with the ‘‘ Cyclone”’ 
separator in operation with automatic feed regu- 
lators of the water-level type, to see whether they 
were not subject to hunting ; because, so far as he 
could see, the principles which he had outlined 
would hold as exactly for that type of arrangement 
as for any other. He did not consider that the 
“Cyclone” steam separator entered into the 
problem in any way. 

On the question of a thermostatic regulator as 
compared with a water-level regulator, it had been 
his experience that the float-controlled water regu- 
lator was much the quickest-acting regulator avail- 
able for marine work ; there was almost no time-lag. 
A number of experiments had been made with regard 
to the size of the pipes. With a pipe of 1-in. bore, 
there was an appreciable time lag or water-level lag 
as compared with the level in the boiler, of about 2 in. 
With a 1}-in. pipe, the lag was about $ in., and with a 
2-in. pipe, as commonly used, the lag was hardly 
measurable. In the case of the thermostatic 
regulator, there was a certain time lag in the 
temperature changing. Thermostatic regulators 
had been used on board ship, but they had not been 
successful, and there was no record of them having 
been used and retained in service. Where they had 
been fitted they ‘had usually been removed, and in 
general, throughout the world, the water-level 
type, operating from a float, was mostly used. 

He did not agree that the hunting described by 
Mr. Wood was comparable with the hunting 
experienced in ships before the war, which was a 
completely rhythmic hunt; it occurred between a 
certain range of load in each ship, and it did not 
matter whether the ship had just been put on load 
or was going up or coming down in load. If the 
load were maintained at that particular point, the 
hunting would go on for 24 hours a day. In the 
destroyers under consideration, on the other hand, 
the hunting, in his opinion, was much less in magni- 
tude and was very irregular in character. He would 
suggest that those boilers were probably more highly 
forced and that there was probably a certain 
indeterminate circulation which caused an accumu- 
lation of steam in the tubes, so giving an explosive 
circulation rather than a unidirectional one. When 
this problem was first considered, they built a glass 
boiler to scale for the Admiralty boilers, and found 
that there were two types of circulation from the 
tubes. In one case, the water flowed unidirection- 
ally at all times, and, in another, if the heating were 
rather more than the tube would carry, steam 
accumulated and blew the water back. 

He would like to make a very strong plea that 
some authority or some boiler manufacturer should 
put in hand a research on a single-tube boiler to 
determine the relationship between the factors of 
heat input, length of the tube, and diameter of the 
tube, at different pressures ; because, in his opinion, 
a great deal of information could be obtained at 
very little expense. It seemed a pity, in view of 
the tremendous amount of human effort which was 
being put into boilers, that more fundamental 
knowledge on the question of the circulation of water 
in water-tube boilers was not available. 





MANUFACTURE OF ELECTRIC CaRs.—It has been 
announced that the Austin Motor Company, Limited, 
and Messrs. Crompton Parkinson, Limited, have formed 
@ new compary to be known as Messrs Austin-Crompton 
Parkinson Electric Vehicles, Limited. The Austin Motor 
Company will assume the responsibility for the manu- 
facture of electrical vehicles and industrial trucks on 
January 1, 1947. 


War Acrivities ofr W. P. BUTTERFIELD, Loutrep.— 
We have received from Messrs. W. P. Butterfield, Limited, 
Shipley, an illustrated booklet entitled “‘ The Butterfield 
War Effort.” This shows that the firm were engaged 
during the war years mainly op variants of its pre-war 
products, some 21,000 mobile re-fuelling and water tanks 
having been delivered to the services. More specialised 
products were over 18,000 equipment containers for 
dropping by parachute from aircraft, 1,000 foam-pro- 
ducing tanks for aerodrome fire-fighting, smoke genera- 
tors, and bomb casings. 
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ROYAL TRAIN FOR SOUTH 
AFRICA. 


Tue train which will be used by the Royal Family 
during their tour of the Union of South Africa next 
year will consist of fourteen air-conditioned coaches, 
of which eight are now being built by Messrs. Metro- 
politan-Cammell Carriage and Wagon Company, 
Limited, of Saltley, Birmingham. The remaining 
six coaches will comprise a lounge car and a dining car 
for Their Majesties, two kitchen and staff cars, a dining 
car for the staff, and a composite baggage and passenger 
van, all drawn from the existing “‘ Blue Train ” of the 
South African Railways. The new coaches consist of 
one for H.M. the King, his equerry, doctor and valet ; 
one for H.M. the Queen and Lady-in-Waiting ; one for 
the Princesses and Ladies-in-Waiting ; one for secre- 
taries, ete.; one for the South African Minister; and 
three sleeping cars for the staff. Four other coaches 
are also being built at Birmingham, two of which will 
be used by Field Marshal, the Rt. Hon. J. C. Smuts. 
On completion of the Royal Tour the new coaches will be 
employed on the South African Railways, the two used 
by the King and Queen being transferred to the 
“White Train,” in which the Governor-General 
travels. 

We were recently given an opportumty of seeing the 
work in hand at the builders’ works. The coaches are 
being built to the general requirements of Dr. M. M. 
Loubser, Chief Mechanical Engineer of the South 
African Railways and Harbours Administration, under 
the supervision of Mr. H. D. Ward Smith, O.B.E., 
advisory engineer in London. At the time of our visit, 
four coaches were substantially complete and the com- 
pany hope to ship the first two from Birkenhead on 
December 12. The order was only placed in March, 
1946, and the work has therefore been carried out very 
rapidly in order to complete the coaches in time. 
Fig. 1 illustrates four of the coaches, and Fig. 2 shows 
the interior of the Royal Lounge in the Queen’s coach. 
Each vehicle is approximately 65 ft. in length and 
9 ft. 3 in. in width, and weighs 46 tons. The under- 
frames and bogies are of conventional design to suit 
the South African Railway’s 3-ft. 6-in. gauge. They 
are built of rolled-steel sections and plates riveted or 
welded together. The four-wheeled bogies are of the 
equalising-beam type, with helical springs over the 
beams and four elliptical springs under the bolsters 
at each side. One bogie of each coach is provided 
with a bracket to carry a gearbox which is driven 
by belt from an axle pulley and transmits the drive to 
a direct-current generator through a propeller shaft 
with universal joints. The body sides are riveted 
to the underframes, the combined structure being of 
sufficient strength to obviate the use of trussing, and 
this arrangement provides the maximum space between 
the bogies for auxiliary equipment. The exterior 
surface of each side is quite smooth, without mouldings 
or visible panel joints. The roof is similar to the 
monitor type in external appearance, but the raised 
part along the centre accommodates a duct for air 
conditioning. Slab cork is laid on the galvanised-steel 
floors, and the whole is covered with }-in. thick lino- 
leum and carpets. The coaches are entered through 
doors at each end, into a vestibule, and communication 
through the train is provided by corridors and inter- 
coach gangways. The design is notable for the special 
features to insulate the interior from the weather and 
noise. Apart from the air-conditioning equipment, 
which is referred to below, the double safety-glass 
windows are permanently sealed and rubber-cushioning 
is provided at several mounting points. 

Electric power, at 110 volts direct current, is supplied 
by the axle-driven generators above referred to. 
Accumulators are also carried on the underframes to 
maintain full services during normal halts, but provision 
is made for supplying either alternating- or direct- 
current from an external source. For this purpose, 
an alternating-current motor is mounted between the 
bogie gearbox and the direct-current generator, and 
a clutch disconnects the axle drive when alternating- 
current is being supplied. When the coach is connected 
to direct-current mains, the axle-driven motor and 
generator equipment is by-passed, the current being 
supplied directly to the several services. All com- 
partments and corridors are provided with fluorescent 
lighting. Each lighting tube is 2 ft. long and consumes 
20 watts. Messrs. J. Stone and Company, Limited, of 
Deptford, London, have supplied their “ Stone-Carrier ” 
system of air-conditioning equipment, which filters and 
heats or cools the air before admitting it to the coaches. 
The required temperature is selected on a switch in the 
corridor, and thermostats then ensure the maintenance 
of this temperature. The air enters each compartment 
through perforated diffuser panels in the ceiling and 
is exhausted through louvres in the door to the corridor. 

The air is changed fifteen times an hour. Electric fires 
are also provided for emergency use. Independent 
refrigerating equipment is used for food and wine 
storage. 4 
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Fig. 2. 


preceded by a pilot train which will carry further staff 
and the Press, and telecommunication arrangements 
in each train, from one train to the other, and to land 
stations, are provided. Each train will have an auto- 
matic telephone exchange and dial-type instruments 
made by Messrs. Automatic Telephone and Electric 
Company, Limited, Liverpool. The layout in the 
Royal Train will include sixty-nine telephones fitted 
with a special device to prevent the hand sets from 
rattling while travelling. During long halts the 
exchange on the pilot train may be coupled to that on 
the Royal Train and both may be coupled to the local 
exchange. The connections between coaches are 
designed to permit the train to be made up in any 
order without interfering with the telephone circuit. 
Communication between the two trains while in 
motion is provided by the General Electric Company’s 
frequency-modulated radio telephony. Both trains 
will also be fitted with broadcast receiving equipment 
and loudspeaker announcing apparatus; the Royal 
train will have an additional receiver for His Majesty’s 
personal use, and the pilot train will be provided with 
a high-speed short-wave wireless transmitter, keying 
equipment, and a short-wave receiver. The latter 
are for the transmission of Press reports and general 
communication purposes during motion or while 
stationary. The whole of this equipment has been 
supplied by Messrs. Marconi’s Wireless Telegraph Com- 
pany, Limited. One of the problems involved in fitting 
this equipment in the small space available is that 
of ensuring interference-free working for each appa- 
ratus. A system has been designed to enable a number 
of receivers to work on one aerial, a rejector and 





During the tour the Royal Train will always be 





splitter panel dividing the incoming roof aerial be- 











Roya LOUNGE. 


tween the several receivers, and an ingenious arrange- 
ment of filter and rejector circuits reduces the inter- 
ference between receivers to a minimum. In the pilot 
train, the wireless apparatus will be divided between 
two coaches, The first one will contain the broadcast 
receiving and announcing apparatus, the communi- 
cation receiver, and remote control equipment for 
operating the high-speed transmitter. A keyboard 
perforator for punching Morse characters into the 
high-speed tape will also be fitted in this compartment, 
together with a Wheatstone transmitter. With this 
equipment the tape is fed from the perforator into the 
Wheatstone transmitter, which, in turn, keys the main 
transmitter automatically and at high speed through 
the remote control desk. The communication receiver 
incorporates temperature-controlled cireuits to ensure 
negligible frequency drift, and the output is taken to 
headphones on the transmitter contro] desk or to a 
loudspeaker, so that one operator seated at the desk 
can deal with the whole of the communication traffic. 
Electric power for the Marconi equipment is taken 
from the axle-driven battery or external supply system, 
except in the case of the main transmitter, for which 
current is supplied from a 3-kVA Diesel-engine alter- 
nator set. 

The finishings, interior decoration and fittings of 
the whole train are of very high quality, although 
simple in design. Messrs. Waring and Gillow, Limited, 
have designed and supplied the interior panelling and 
furnishing of the State compartments. The panelling 
is of specially selected Empire timbers. The exterior 
surfaces of the coaches are finished in an ivory tint 
with gold lining, and the South African coat-of-arms 
has been hand-painted on the King’s saloon. 
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GAS-TURBINE LOCOMOTIVE FO 
GREAT WESTERN RAILWAY. 


THE Great Western Railway Company have placed: 
an order with Messrs. British Brown-Boveri, Limited, 
75, Victoria-street, London, 8.W.1, for a 2,500-h.p. 
gas-turbine electric-transmission locomotive. It is 
being designed and constructed by Messrs. Brown, 
Boveri and Company, Limited, of Baden, Switzerland, 
and will have a maximum s' of 90 miles an hour. A 
similar, but somewhat smaller, locomotive, of 2,000 h.p? 
was built by the same firm about five years ago for the 
Swiss Federal Railways, and was described in a paper 
by Dr. Adolf Meyer, read at a meeting of the Institution 
of Mechanical Engineers, held in London, on Friday, 
December 18, 1942. An abridged report of this paper, 
together with illustrations, was given in ENGINEERING, 
vol. 155, pages 138. 159 and 179 (1943). It was the 
first gas-turbine locomotive in the world, and iis still, 
we believe, the only one in regular service. 

The, following are the main particulars of the G.W.R. 
locomotive :— 


Continuous net output of the gas-turbine thermal 
unit, measured at the generator coupling, 2,500 


h.p. 
Tractive effort at the wheel rim : 

At starting 33,000 Ib. at 0 to 
20 m.p.h. 

Continuously 13,000 lb. at 60 
m.p.h. 

” oe Sew 8,800 Ib. at 90 

m.p.h. 

Maximum continuous speed 90 m.p.h. 


Weight in running order 
Weight available for braking > pe 
Weight available for adhesion about 75 tons, 
Length overall oo. $65 1. 6 in. 
Fuel ... =m = ... Furnace fuel oil. 

Trailing weight corresponding to tractive effort of 
13,000 lb. at 60 m.p.h. will be about 850 tons, 
but a trailing weight of 1,200 tons will be hauled 
at speeds up to 40 m.p.h. continuously, and up 
to 50 m.p.h. intermittently. 

The locomotive will carry sufficient fuel for 250 
miles, which will render it suitable for non-stop 
runs from Paddington to Plymouth. 


about 113 tons. 


The gas-turbine locomotive converts the heat con- 
tent of the fuel oi] directly into mechanical energy 
without employing an intermediary agent as water is 
used in the conventional steam locomotive. The 
mechanical energy thus produced is transmitted to the 
driving axles through an electric generator and motors, 
this being the most satisfactory form of transmis- 
sion for a gas-turbine locomotive so far devised. The 

as-turbine unit consists essentially of an axial- 

low air compressor, a heat exchanger, a combustion 
chamber and a gas turbine. The compressor is driven 
a turbine, and the air, which is compressed to 
about 45 Ib. per square inch, is fed to the combustion 
chamber through the heat exchanger, where it receives 
some heat. In the combustion chamber the fuel oil is 
consumed with only a small proportion of this air, 
the residual air by-passing the chamber and then 
mixing with the products of combustion to reduce the 
temperature of the to a maximum value of about 
1,100 deg. F., which is suitable for the heat-resisting 
steel turbine blades. This mixture of air and the pro- 
ducts of combustion is expanded through the turbine to 
produce useful energy. The exhaust gases then pass 
through the heat exchanger, where some of their heat 
content is transferred to the air being delivered to the 
combustion chamber, thus raising the temperature of 
the air to about 500 deg. F. The exhaust gases finally 
escape to the atmosphere through the roof of the 
locomotive. At full load, the turbine will develop 
about 10,300 h.p., the compressor absorbing about 
7,800 h.p., and the difference of 2,500 h.p. will be the 
useful energy which is transmitted through reduction 
gears to the generator set. 

The locomotive will be carried on two six-wheeled 
bogies, the outer axles of each bogie being driven by 
series-type direct-current motors, which will be sus- 
erg to reduce the unsprung weight to a minimum. 

ere will be a driver’s cab at each end to give an 
unobstructed look-out and render the locomotive 
equally suitable for running in either direction. One- 
man contro] and G.W.R. standard safety arrangements 
for co-ordination with line signals will be provided. 
The weight of fuel consumed per draw-bar horse-power 
hour is expected to be less than half that of a conven- 
tiona] steam locomotive. 





DISPOSAL OF CANADIAN GOVERNMENT-OWNED SHIP8.— 
According to a B.U.P, message, the Canadian Govern- 
ment had sold, by the end of October, 133 of the fleet 
of nearly 200 merchant vessels which it owned and 
operated during the war. 





ENGINEERING. 


LABOUR NOTES. 


At the ‘request ofthe two sides of the cotton manu- 
facturing industry, the Ministry of Labour and National 
Service has appointed Mr. R. Moelwyn Hughes, K.C., 
to be chairman, and Lord Lucas of Chilworth and 
Mr. John Brown to be independent members, of the 
Commission which is being set up to review the wages 
arrangements and methods of organisation of work in 
the industry. Mr. Moelwyn Hughes is chairman of 
the Catering Wages Commission, Lord Lucas is Presi- 
dent of the Motor Agents’ Association and chairman of 
the National Joint Industrial Council for the motor- 
vehicle retail and repairing trade; and Mr. Brown 
was, until recently, general secretary of the Iron and 
Steel Trades Confederation. The employees’ repre- 
sentatives will be Messrs. C. B. Clegg, E. W. Cockcroft, 
G. B. Fielding, J. D. Greenwood and R. W. Penning- 
ton, and those of the trade unions, Messrs. I. Bell, 
H. Earnshaw, J. Lee, A. Naesmith and J. Proctor. 











Mr. B. Janner, the Labour Member for Leicester, 
asked in the House of Commons last week if the legisla- 
tion which it was proposed to introduce to deal with 
working party reports would involve dealing with the 
cotton, footwear, hosiery, and pottery industries, 
together in one Bill. In a written reply, Mr. Belcher, 
Parliamentary Secretary to the Board of Trade, said : 
“The legislation will consist of a single Bill of a 
general character which will enable effect to be given 
to certain of the recommendations of the working 
parties, such as the establishment of central bodies for 
particular industries and the provision of funds for 
them by means of levies.” 





Mr. Shinwell, Minister of Fuel and Power, told 
Sir Gifford Fox, the Conservative Member for Henley, 
that About 530,000 persons connected with the coal- 
mining industry received free or concessionary coal. 
About 420,000 were directly engaged on coal pro- 
duction, the balance being other employees in coal- 
mining and its ancillary industries. Last year, the 
quantity of coal so supplied was 4,600,000 tons—about 
21 per cent. of the total quantity of saleable coal 
produced. The arrangements now in force would 
clearly fall to be considered by the Nationa] Coal Board 
and the National Union of Mineworkers, as part of a 
general review of wages and conditions of employment 
they had agreed to undertake. The Minister agreed 
with Mr. H. E. Holmes, the Labour Member for Hems- 
worth, that the cash value of the coal supplied was 
deducted from miners’ wages. It was quite a mistaken 
idea that miners received free coal. 





The application of the United Patternmakers’ Asso- 
ciation for a minimum basic rate of 3s. an hour—in 
support of which the working of overtime had been 
banned and strike notices given terminable last week- 
end—was discussed with representatives of the Engi- 
neering and Allied Employers’ National Federation at 
a meeting at the Ministry of Labour and National 
Service on Wednesday last week. The conference 
lasted for about seven hours, and, at its conclusion, it 
was stated that terms of settlement had been agreed 
to, the basis of which was an increased compensatory 
bonus for plain-time workers and an extension of the 
application of the principle of payment by results. 
The strike notices were accordingly withdrawn and the 
overtime ban lifted. It was understood that if a 
stoppage had taken place, patternmakers who are 
members of the Amalgamated Engineering Union 
would have joined it. 


The executive council of the Confederation of Ship- 
building and Engineering Trade Unions decided at a 
meeting in Sunderland, last week, to press their demand 
for a 40-hour, five-day week without loss of pay, 
but to accept, “ for the time being,” one of 42} hours. 
Reports received by the executive from the districts 
maintained, it was stated, that the reduction in the 
number of working hours would not result in a fal] in 
production, or otherwise injure the industry ; on the 
contrary, it was argued, the change would, in effect, 
improve the health and physique of the employees and 
would not increase the costs of labour. 





The Confederation has asked the Shipbuilding 
Employers’ Federation for a guaranteed working week 
when, at the end of next month, the Essential Work 
Order is withdrawn from the shipbuilding industry. 
The employers, it was reported, at last week’s Sunder- 
land meeting of the executive, had “ sympathetically 
received the application in previous negotiations,” 
but there were major difficulties to be overcome in the 
case of ship-repairing. 





In the debate in the House of Commons on the sub- 





ject of the “ closed shop,” the Minister of Labour and 
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National Service claimed that the evolution of the 
“large ’’ trade union had brought with it “a sense of 
responsibility, discipline and organisation which had 
off-set the many differences of the smaller unions.” 
The sense of responsibility of the railway workers at 
Paddington, who decided to “ go slow”’ as a protest 
against the “disciplining” of two of their fellow- 
employees, and defied the order of their executive to 
resume normal working, was not, -to say the least, 
very strong. Nor was that of the Manchester transport 
workers, who, as a protest against the “disciplining ” 
of a driver, brought the passenger road traffic of a 
populous industrial centre to a standstill. These are, 
unmistakably, unhealthy signs from the point of 
view of Trade Unionism, and they do not, by any 
means, indicate the growth of a new “ sense of respon- 
sibility, discipline, and organisation ’ in the rank and 
file. 


’ 





Mr. Isaacs, the Minister of Labour and National 
Service, replying, in the debate on the “ closed shop,” 
said that in no other country in the world was there a 
better relationship between employers and employees, 
or between industry and the Government, than that 
which existed in Great Britain. That relationship and 
co-operation between Government and industry had 
been there whatever the colour of the Government, 
and it would be there in the future whatever the colour 
of the Government was. 





A review of war-time developments in Trade Union 
organisation in India, published in an official publica- 
tion of the International Labour Office at Montreal, 
states that although registration is not compulsory, 
registered trade unions are afforded certain immunities 
and are required to submit regular returns, From 
1937-38 to 1942-43, the number of registered trade 
unions increased from 420 te 693, and the total member- 
ship of unions submitting returns from 390,112 to 
685,299. The membership figures, however, fail, it is 
pointed out, to give a complete picture of the strength 
of organised labour in India, as a large percentage 
(approximately 30 per cent. during the war) of regis- 
tered trade unions fai] to submit the prescribed returns. 





Furthermore, the writer of the article goes on to 
say, there are unregistered uniors for which member- 
ship figures are not available, except in the case of 
Bombay, where, in December, 1942, there were 100 
upregistered trade unions, with a membership of 
29,574, as compared with 89 registered unions with a 
membership of 155,782. Unregistered unions also 
exist among workers in the handloom industry in the 
larger establishments using power, and among workers 
on large-scale plantations, particularly tea gardens in 
Assam. Although between 1937-38 and 1942-43 trade- 
union membership increased in all branches of industry, 
the percentage increase was largest in the engineering 
group. During the period under review the number of 
women members of unions increased by 76-6 per cent. 


Indian trade unions, it is recorded, suffer from a 
paucity of funds which seriously circumscribes their 
activities and has an adverse effect upon their staying 
power. Membership dues, which, fore the war, 
amounted to one or two annas per month, or a day’s 
wage per year, are collected either in the office of the 
union or through specially-selected members. Both of 
these methods, however, involve difficulties and risks, 
and a considerable percentage of dues remain unpaid. 
The total annual income of trade uniors increased from 
693,444 rupees in 1937-38 to 1,596,984 rupees in 1942-43, 
or by 130-3 per cent. The total income, however, is 
not a sound criterion of the financial] position as unpaid 
dues are generally included in the assets. 





Exactly what is the root cause of the coal-miners’ 
trouble in the United States is left obscure by the cabled 
accounts of the strike but, whatever it is, considering 
the importance of the industry to American economy, 
it ought to be effectively dealt with with the least 
possible delay. Mr. Lewis is, on his record, a difficult 
negotiator, but there are good grounds for fear, on the 
part of the public, that less powerful leaders in other 
industries may follow his example. If ‘that happens, 
the outlook for American industry as a whole will be 
bleak indeed. 





As a result of talks held on November 26 between 
representatives of the Engineering and Allied Em- 
ployers’ National Federation and the National Engin- 
eering Joint Trades Movement a five-day, 44-hour week, 
to come into effect on January 1, 1947, was agreed upon 
for the engineering industry. In consideration of the 
reduction of hours from 47 to 44 it, was agreed that. the 
national ‘bonus of adult male employees should be 
increased and paid for the reduced hours in order to 








maintain the present wage levels. 
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THE DEVELOPMENT OF THE 
FLUORESCENT LAMP. 
(Concluded from page 501.) 

As mentioned earlier in this article, about 60 per cent. 
of the input energy of the low-pressure mercury-vapour 
discharge is radiated in the ultra-violet region at 
2,537 A and below. Since all the highly efficient fluores- 
cent powders, such as zinc silicate, zinc-beryllium sili- 





cate, cadmium chlorophosphate, cadmium borate an 
magnesium tungstate, are powerfully excited by these 
wavelengths, the use of fluorescent powders in con- 
junction with the low-pressure mercury discharge 
presents great possibilities of improved efficiency and 
colour. The first low-pressure fluorescent discha 
tubes were of the high-voltage type and found a wide 
field of application in this country for advertising and 
interior illumination. As it was obviously desirable 
to have lamps which would operate directly from the 
mains, research was next directed towards a lamp of this 
type, and the 80-watt mains-voltage fluorescent tube 
was first made available in 1940. This tube is shorter 
and of larger diameter than most high-voltage fluores- 
cent lamps. It also operates at a much greater current 
density than the high-voltage lamps and with corre- 
spondingly increased brightness. The design of this 
tube has been made possible by the employment of 
thermionically-emitting electrodes, which reduce the 
electrode potential drop so that the tube can be operated 
efficiently at mains voltages. By the employment of 
automatic mechanisms the discharge can also be 
started satisfactorily. 

The constructional details of the 80-watt fluorescent 
tube are shown diagrammatically in Fig. 8, in which 
the fluorescent coating is indicated at a and the arc 
length and length ‘of the light’ source are shown, 
respectively, at 6 and c. ‘The relevant technical data 
forthe tube were given in Table ITI, on page 501, ant-. 
It consists of a 1}-in. diameter glass tube, about 
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drawn from the Danner machine is satisfactory. The 
(es7.0) “ENGINEERING" glass foot used at each end of the tube can also be made 


to the ends of a coiled-coil metal filament, which is 
coated with electron-emitting material and forms the 
cathode. This enables the filaments to be heated 
independently during starting. Two metal plates, 
which are welded to the leading-in wires, function 
when the electrode acts as an anode by reducing the 
voltage drop and thus avoiding the overheating which 
might cause evaporation of the emitting material. 
The electrodes are mounted on short glass pinches 


dj|so that the mechanical construction is simpler than 


that of the high-pressure lamps. Owing to the low 
wall temperature during operation, it is possible to 
spread the fluorescent powder directly on the inside 
of the tube and thus to utilise fully the ultra-violet 
radiation generated. The tube has a maximum effi- 
ciency when the wall temperature is about 35 deg. C. 
To provide the maximum flexibility in the lighting 
fields now opening up, a new shorter form of the 
fluorescent tube has been introduced. This is rated 
at 40 watts and is 4 ft. long. It is less bright and 
somewhat more efficient than the 80-watt tube, as 
shown by the details given in Table III. Like the 
80-watt tube, the 40-watt model is supplied in two 
colours, “ daylight ” and “ warm-white.” The surface 
brightness is two candle-power per square inch. The 
tube is rated for a voltage of 200 to 250 and can be used 
on, either alternating or direct-current supply. The 
initial efficiency (after 100 hours) is 40 lumens per watt. 
For 2,500. hours burning the average efficiency is 30 
lumens per watt, and the final efficiency, after 2,500 
hours, is 26 lumens per watt. A new type of cap, known 
as the “ medium by-pin,” greatly simplifies insertion 
and removal of the lamp. The cap pins enter slots in the 
holders and are locked in position by a quarter turn 
of the lamp. The holder also provides a neat and 
compact mounting and, as most of it is behind the 
mounting surface, the tube appears as a plain bar of 
light. 
*The introduction of these new mains voltage tubes 
has greatly assisted the employment of normal methods 





5 ft. long, which is fitted at each endi with a’ bayonet 
lamp cap. The contacts of ‘each cap are connected 





in its ‘manufacture, It has beén found that tubing 


on standard lamp machinery. The electrodes are 
manufactured according to standard lamp and valve 
technique, and production methods for coating the tubes 
with mixed fluorescent powders have been developed. 

It is claimed that these tubes enable full advantage 
to be taken of levels of illumination of 30, 40 and 50- 
foot-candles without causing eyestrain, and that the 
“coolness ” of the light produces a sense of comfort 
which has encouraged their use for high-intensity local 
lighting. Moreover, the colour and low brightness of 
the source have made them acceptable for general 
lighting. 

Although the arc volts of an 80-watt tube are only 
about 108 during operation, the potential necessary 
for starting is well 02 the ordinary supply voltage. 
To initiate an electric discharge through such a tube 
it is therefore necessary to neutralise the grid effect 
caused by the presence of electrical charges on the 
walls. One way of doing this is to apply a brief 
voltage surge between the electrodes. To increase 
the life of the cathodes, and to facilitate the starting 
of the lamp on low voltage, the cathodes are also heated 
to a temperature at which they can emit electrons 
freely before the main discharge is struck. Research 
on circuits and into current economies, which were 
carried out independently in this country and in 
America, resulted in the adoption of a circuit in which 
a starter switch initially short-circuits the discharge 
path and joins the cathodes in series with a choking 
coil and the mains. The current heats the cathodes 
to operating temperature and the switch contacts then 
opra The resulting cessation of current through the 
choking coil produces a voltage surge between the 
electrodes and the discharge is thus started. 

In this country, two types of automatic starter 
switch are in use, both of which have bi-metallic 
elements. In one case—the thermal starter switch— 
the bi-metal element is heated by an auxiliary heater, 
and in the other—the glow starter switch—the heat is 
obtained from a glow discharge. The circuits for 
these two types of starter switches are shown, respec- 











tively, in Figs. 9 and 10, on this page. As will be seen, 
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Fig. 21. 


two condensers are used, one of which, a, is connected 
across the supply mains to correct the power factor. 
The other, 8, v hin is placed across the lamp, facilitates 
starting and suppresses the ripples which might cause 
radio interference. The choking coil gives the required 
voltage eo when the automatic starter switch 
operates. The standard auxiliaries—choking coil, 
starter switch and condensers—are designed for 
50-cycle 200 to 250-volt supplies. With suitably de- 
signed auxiliaries, the lamps can, however, be run on 
circuits cf any frequency. The use of higher frequencies 
is favourable both to the lamp, in that the wave form is 
improved, and to the auxiliaries, which can be greatly 
reduced in size, weight and cost, but as a special genera- 
tor is required, except in certain circumstances, the 
disadvantages outweight the advantages. 

Fig. 11, opposite, is a diagram of a thermal starter 
switch, which consists of two bi-metallic strips carrying 
contacts that are normally closed. One of these strips 
is placed adjacent to a heater coil, so that when the 
filament-heating current passes through the latter the 





MacuiIne SHOP WITH FLUORESCENT LIGHTING. 


strip bends, This causes the contacts to open and to 
set up a surge of about 1,000 volts which starts the 
discharge, the total starting time being about two 
seconds. Should the lamp be extinguished and imme- 
diately switched on again, it will often restart at once, 
as the electrodes are hot and no wall charges have accu- 
mulated. If the interval is longer, time is required for 
the starter switch to reclose and open again, an opera- 
tion which takes about four seconds. 

In the “ glow starter switch,” of which a diagram is 
given in Fig. 12, opposite, the contact tips are welded to 
two bi-metal strips. These tips are normally open and 
form the electrodes of a small glow-discharge lamp. 
With the switch connected as shown in Fig. 10, a nega- 
tive glow discharge forms round the bi-metal strips and 
heats them when the circuit switch is closed, 6 con- 
tacts therefore also close, so that the current passing 
through the filament is increased from about 100 milli- 
amperes to about 1-3 amperes, and they become hot. 
Meanwhile, the bi-metallic electrodes are cooling down, 
since the glow discharge between them has been short- 
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circuited by the closing of the contacts, After about 
two seconds the switch contacts re-open and the result- 
ing induced voltage across the tube causes the discha: 

to start. This is facilitated by the fact that the tu 
electrodes have become heated. The voltage across the 
tube, when it is running, is not sufficient to restart the 
glow in the switch. No energy is therefore consumed 
by the latter during operation. The starting voltage 
depends, to some extent, on the ambient temperature 
and increases slightly as the temperature falls. Trouble 
may, therefore, arise if the tube is placed in a position 
where the ambient temperature is likely to low. 
For this reason, the tubes are not recommended for 
use out of doors, unless they are screened from draughts. 

A variety of other circuits have been considered for 
operating fluorescent tubes. Among these is_ the 
auxiliary-electrode starting arrangement, which . is 
the same as that already in use for lower wattage 
floodlighting tubes. In this case, an auxiliary elec- 
trode is fitted close to each hot cathode, the two 
being connected by a high resistance. When the 
supply is switched on, the filaments are rapidly 
heated by means of a small transformer. The intense 
field set up across the small gaps between the filament 
and the auxiliary electrode then starts a glow discharge 
close to each filament, the current through which is 
limited by the resistance. This provides sufficient 
ionisation to enable the supply voltage to start the 
discharge. The filament ting is automatically 
reduced once the tube starts, since the voltage across 
the primary of the filament transformer falls to that 
across the tube. The objections to this circuit are 
the need for three-pin contacts on the tube and 
uncertain starting with the longer patterns, particu- 
larly at low mains voltage. 

Another arrangement is the resonance circuit, one 
form of which is shown in Fig. 13, opposite. When the 
supply is first switched on the two choking coils a and a, 
the capacitor b, and the filaments c are in series. The 
circuit is also in approximate resonance at the fre- 
quency of the supply so that the resultant high voltage 
across the tube starts the discharge when the filaments 
become heated. When the tube starts, the circuit is no 
longer in resonance and the voltage across the tube falls 
to the normal. It is claimed that starting with this 
ciruit is very satisfactory, the disadvantage being the 
high vol which remains across the tube if for any 
reason, such as an air leak, the latter fails to start. The 
gear required on normal frequency supplies is also 
rather bulky and expensive. 

The cold-starting circuit, which is similar to that 
already in extensive use for operating sodium-vapour 
lamps, is shown in Fig. 14, opposite. This consists of a 
leakage resistance auto-transformer a which steps-up 
the mains voltage to about 450 volts, this being sufficient 
to start the arc of a mains-voltage tube without any pre- 
heating of the electrodes. Since the electrodes are cold 
during starting, the cathode fall of potential is high and 
the positive ions, which are accelerated in the strong 
electric field near the cathode, disintegrate the emissive 
coating. Unless the cathode is specially designed to 
withstand bombardment, the life of the lamp is therefore 
greatly reduced. The high open circuit voltage, which 
is, of course, in itself a disadvantage, necessitates a rela- 
tively large transformer and a correspondingly large 
capacitor is required to correct the resultant power 
factor. 
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The twin-tube circuit, which is also employed, com- 
prises two tubes, one of which is controlled by a choking 
coil and the other by a capadiaitvel resisthinée. x 
two tubes operate independently. The current in the 
inductively-controlled tube lags behind the mains 
voltage while that in the capacitatively-operated tube 
leads by the same amount, so that the power factor is 
close to unity. Owing to the constant-current charac- 
teristic of the capacitative resistance, advantage 
cannot be taken of the higher saturation current of the 
choking coil to ensure quick heating of the filaments 
during starting. To overcome this difficulty an 
additional choking coil, known as a compensator, is 
sometimes used in series with the starter. This 
increases the starting current, since the system is then 
more nearly in resonance. The compensator is cut out 
of circuit as soon as the starter contacts open and the 
lamp starts. 

A cold-starting modification of this circuit consists of 
a tightly wound auto-transformer with an open-circuit 
voltage of about 450 volts, which operates two tubes in 
parallel circuits. As will be seen from Fig..15, page 524, 
the primary supply to the transformer a is fed through 
one tube holder of each tube. These holders are 
fitted with switches 6 which interrupt the transformer 
supply should one or other of the tubes be removed. 


This ensures that the rather high open-circuit voltage | P’ 


cannot occur across the holders except when both 
tubes are in place. The weight of the gear is heavier 
and more expensive than in the twin-tube circuit. 
Starting switches are not, however, required, as the 
voltage of the transformer is sufficient to start the 
tubes instantaneously. 

As the frequency of the supply used for fluorescent 
tubes is increased; the number of ions in the discharge 
at the erid of each half cycle becomes greater since the 
time for de-ionisation to take place becomes progressively 
ey ar of Sa residual per reg 
to ce t voltage necessary to restart the 
discharge each As a consequence, the tube 
voltage becomes more nearly sinusoidal and the 
effective tube voltage is mced. This, in turn, 
leads to an increased probability that resonance radia- 
tion ‘will be excited, and an improvement in the 
luminous efficiency of the fluorescent tubes will occur as 
the frequency increases. These effects become more 
marked at frequencies above 250 cycles, when a simple 
resonance circuit, as shown in Fig. 16, page 524, may be 
used, the values of the inductance and capacity being 
chosen so that the voltage across the latter is insufficient 


to start the discharge before the filaments are correctly ys 


heated. 

The power consumption of fluorescent tubes is depen- 
dent upon the tube voltage and the tube current, the 
latter being controlled by the stabilising choking coil. 
To define the resulting range of working conditions, it is 
nécessary to combine the changes introduced by the 
tube and by the choking coil and to add those Bae to 
mains-vo! variations. This is illustrated in Fig. 17, 
page 524, in which the choking coil and tube character- 
istics, @ and b, are plotted with co-ordinates of tube 
powerand tube voltage. Thelamplimits at an ambient 
temperature of 20 deg. C. are shown within the bracket 
at c and the choking coil tolerance at 230 volts within 
the bracket atd. From the mean condition of 80 watts 
with the choking coil set at its target value, the 
power consumption may vary about + 1-5 watts, 
owing to dimensional tolerances, with an additional 
variation of +3 watts, owing to variation of the 
tube voltage drop with temperature. A further + 3 
watts is n for man uring tolerance in the 
choking coil. It will be seen that changes of about 
+ 6 watts arise from a swing of + 6 per cent. in the 
mains voltage. 

The light output of a fluorescent tube is 80 per cent. of 
the normal at the end of the two seconds starting period, 
while stability and full light output is reached after 
about 15 minutes. The light output remains substan- 
tially constant with variations of the supply voltage, 
being 1 per cent., as against 2-3 per cent. for a high- 
pressure mercury-vapour Iamp and 4 per cent. for an 
incandescent lamp. Failure is generally due to failure 
of emission of one or both of the cathodes, and is 
usually preceded by severe end-blackening as well as 
by discontinuous discharge and “shimmering.” It is 
claimed that the average life of a fluorescent tube is 
about three times that of a general-service incandescent 
lamp, but is shortened by overrunning. An 80-watt 
fluorescent tube will give an average of 2,100 lumens 
throughout its life, compared with 1,960 lumens for a 
150-watt gas-filled lamp. The light output, however, 
falls appreciably during the first 100 hours, a pheno- 
menon which appears to be caused by a film forming on 
the surface of the fluorescent particles and preventing 
their full excitation by the discharge. This presents an 
outstanding problem in fluorescent-tube design, and its 
elimination will result in a valuable increase in effi- 
ciency. This initial fall is taken account of by the 
manufacturers and the rated efficiency is that attained 
after about 100 hours burning. 
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application of fluorescent lamps to industrial and other 
uses, nor with the fittings that are required for this 
tion may be called, however, to an 
experimental] installation of street lighting which has 
cbtatand fe jlbtentd Up the phstogragh segtubered in 
obtained is i otogra, in 
Fig. 18, on page 525. This installation, for which the 
British Thomson-Houston Company, Limited, Rugby, 
were responsible, consists of three 80-watt fluorescent 


lamps arranged in a specially. lantern, as 
shown diagrammatically in Fig. 19, This arrangement 
gives a good distribution of when the spacing | < 


to 100 ft. and the 


between the lamps is from 80 
i are shields are 


mounting height is 25 ft. ‘Anti 
provided to modify the normal parabolic distribution, 
the result being illustrated in Fig. 20. distribution 
is symmetrical in the cone containing the main beam 


and the is wide enough to ensure that the 
pathways and fronts of the buildings are well illu- 
minated and that good visibility is maintained at 


~— bor of the mapet 

e mecessary choking coil, starters and ca 

are built into the lantern, and replacements of the lamp 
or starter can be effected by removing one end. The 
fitting itself is weatherproof and is provided with a 
plastic enclosure which can be taken out for cleaning 
urposes by removing a toggle catch. The reflectors, 
which are of anodised aluminium, are located in cast 
frames with internal and external profile supports, so 
that the mirror form is satisfactorily maintained. Gas- 
kets, together with a deep beading, ensure that the 
fitting, which weighs about 65 lb. complete with acces- 
sories, is watertight. Fig. 21, on 525, shows a 
machine shop illuminated by fluorescent tubes supplied 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2. 





THE MACHINING OF STAINLESS 
STEELS.* 


From a machinability aspect, stainless steels may 
three . the 


, there are chromium steels whi “— 
to hardening and have an analysis range of 0-12 per 
cent. to 0-35 per cent. carbon and 12 per 
cent. chromium. These steels can 
tempered to give a wide range of mechanical properti 
and are called martensitic steels. In t 


os. 
Fi 


been developed. To give these properties, xs 
amounts cad, sulphur or say oe 
without zirconium, are added. The chips produced 
from free-machining qualities are of a discontinuous 
type mia break freely from the cutting edges of 
L. Drilling operations, particularly when usin 
small-diameter drills, are greatly facilitated, due 1° 
the readiness with which these short brittle chips clear 


the flutes. It is not the of this contribut 
to compare the relative maachinability of steels, pe 


strikingly shows the influence of this chip factor. 
A sta 18-per cent. chromium 8-per cent. nickel 
a in the jin die condition was used for the tests. 
i diameter 18-per cent. tungsten high. 
mei | of standard design, tests were ebudncted 
ata “aahing r.p.m. Me rare ye of 8 in. 
per minute, dri to a depth of ¥ in., with soluble. 
oil coolant. The norm without free cutting 
additions, at this hi penetration, gave a drill 
performance of four holes before breakage of the drill, 
the seizure of the chips in the flutes leading to drill 
breakage. The free-cutting type of the same general 
analysis gave a drill formance of 230 holes under 
the same conditions of speed, feed, etc., with the drill 
still — of further work. The broken chip given 
by the quality was entirely responsible for 
this excellent hel the maeiniee ¢ illust — the 
interesting point that the machining difficulties of the 
austenitic stainless steels are not entirely a function 
of their work-hardening characteristics, but can be 
related to the strong continuous type of chip which 
does not readily clear from the cutting edge of the 
tool. This strong continuous chip is common to all 
stainless steeis, whether austenitic, martensitic or 
ferritic, and while employing single-point lathe tools 
where little chip interference occurs, the martensitic 
and ferritic steels will give no machining difficulties ; 
some trouble may be experienced, however, in drilling 
or tapping, am the free yenewel Poe chips is 
necessary. It is apparent, refore, t the free- 
machining qualities will show their relatively easy 
machinability most markedly when drilling or tapping. 
Tool, pre hesitate to - a in trecom- 
mending speeds, etc., due to marked 
influence on tool life given by the machine tool condi- 
tool maintenance. This lies 
icati ide 


al 
rate 


These specialised applications cannot be dealt with 

















20 r cent, chromium, and 7 per cent. to 10 cent. | without detailed knowledge of the working conditions, 
nickel. These steels harden only by cold working and | and the a in this contribution is, therefore, to 
are referred to as austenitic. Tungsten, titanium, | indicate general characteristics of the steels under 
columbium, etc., may be added to impart special | review with regard to chip formation, work-hardening 
TABLE I.—Roves TURNING CUTTING SPEEDS. 
” Category 1. 2, Cutequey 3, 
Steels, Chromi Chromium- 
A Martensitie Type. wit bn, Austenitic ~~ 
Diameter 
of Work. Surface Speeds in Feet. per Minute. 
H.8.Steel. Carbide. H.S.Steel. _ Carbide. H.8.Steel. Carbide. 
lity 3%... 60-80 150-200 80-100 150-200 40-50 150-200 
ee 40-60 150 60-80 150 30-40 150 
10 in. 30-40 ‘80-100 “40-60 80-100 25-30 80-100 























properties, but in general the addition of these elements 
does not markedly affect machinability. Heat-resisting 
steels usually contain increased additions of chromium, 
nickel and bar args y but the machinability is in 
general line with that of the chromium-nickel steels of 
the 18-8 type in the third category. 

The machining difficulties of stainless steels can be 
related to two factors: the work-hardening charac- 
teristics of the austenitic steels and the difficulties of 
swarf or chip removal. These factors have been 
successfully accommodated for most machining opera- 
tions. The increasing application of tungsten-carbide 
tools for turning operations, etc., has given such a 
marked superiority of tool performance that, for such 
operations, these factors may be neglected, but the 

roduction of holes and threads is still an application 
or high-speed steel tools and this article will give, 
in more. detail, recommendations for these opera- 
tions. To meet the demand for easier machinability, 
stainless steels of free-cutting characteristics have 





* By Mr. W. H. Crisp, A.M.I.Mech.E., and Mr. W. 
Burnan, A.Met., of the Tools Division of Messrs. Thos. 





Space does not permit us to deal in detail with the 


Firth and John Brown, Limited, Sheffield. 





characteristics, etc., and the suggested means of modi- 
fying standard tools to accommodate these factors 
most satisfactorily. Recommended speeds and feeds will 
vary according to the characteristics of the steel— 
whether ferritic, martensitic or austenitic, and whether 
of normal or free-machining qualities—but these notes 
on vutting angles, etc., apply generally to all stainless 
steels. For rough machi and heavy-duty conditions 
where the depth of cut is not uniform and interrupted 
cuts may be present, tungsten-cobalt high steel 
tools are generally recommended. A tool of the type 
shown in Fig. 1, opposite, having a straight cutting 
edge provided with a plan approach angle of the order 
of 45 deg., cutting at a low speed with a heavy cut and 
feed has been found most suitable for this working. 
The heavy chip load on the face of the tool is well 
distributed along the cutting edge, giving a chip of 
uniform thickness with chip flow in one direction. 
The cutting edge of the tool must be given maximum 
support by avoiding excessive front and side clearance 
angles below the cutting edges, and the clearances 
should be sufficient to prevent the flank of the tool 
rubbing on the work, Any increased clearance beyond 
what is necessary merely weakens the cutting edge, 
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and when re-sharpening, under-cutting of the flank 
below the cutting edge should be avoided. The to 

side-rake and front-rake angles should be adj 

until the chip cavity worn on the face of the tool by 
the impingement of the chips is formed sufficiently far 
away from the cutting edge to give maximum life. 
The strong chips produced with stainless steels give 
a heavy pressure on the face of the tool, and providing 
the peripheral speed em: is not excessive, the 
wear of the tool is associ with a large chip cavity 
formation. To minimise this, the front top-rake angle 





should be kept to the order of 5 deg. to 8 deg., with the 
side top-rake angle increased to 10 deg. to 15 deg. 
f the chip across the 


This facilitates the free eye | oO 

tool face. The development of the tough steel cutting 

grades of carbide has led to a wide application for 

rough machining. Ape. the tool having a straight 
wi 


cutting edge provi th a plan approach angle is 
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recommended, and for heavy intermittent cutting, 
support to the cutting edge is given by a negative front 
top-rake angle. This may vary from —5 deg. to —15 

., depending age the severity of the conditions. 
In conjunction with the negative front top-rake angle, 
a positive side top-rake of 15 deg. has proved most 
effective. The d of cut and feeds employed depend 
primarily on the diameter of material being machined, 
the horse-power available, and the shank section of 
the tool, and the recommended cutting rates, in surface 
feet per minute, are given in Table I, opposite. 

When machining martensitic type steels, which have 
been heat-treated to the any yen range poe approxi- 
mately 50 tons per square i over, cutting 
rsa feat be reduced by about 20 per cent., but the 
peripheral speeds for free-machining qualities of stain- 
less steels may be increased up to 25 per cent. For 
finish machining, employing -cobalt high- 
speed steel tools, the nose radius the front top-rake 
angles are in and the side top-rake angle is 

luced. The ferritic and martensitic chromium steels 
are effectively finish turned with a front top-rake angle 
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of 15 deg. to 20 deg., with a side top-rake of approxi- 
mately 5 deg. For the austenitic chromium-nickel 
steels, a front top rake of 10 deg. with little or no side 
top-rake, has been found most satisfactory. The 
finish machining of stainless steels gives an ideal 
application for carbide tools,.and good finish and tool 
ife is obtained with tools having an approach angle of 
10 deg. to 15 deg., with 5 deg. to 8 deg. side top-rake. 
A a nose radius is recommended for commercial 
fini but if a high finish is required, this nose radius 
should be reduced, with a reduction in feed. _ Peripheral 
ee may be 50 per cent. higher than 
t' given for rough machining. 

For all stainless-steel preg a high-speed steel twist 
drills must be used, and the following hints apply par- 
ticularly to the drilling of the austenitic t of stain- 
less steels. When drilling with the ler sizes of 











drills, up to’ # in. in diameter, the flute length of the 
Fig.3. 


Fig.2. 
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drills should be reduced to the shortest practicable 
length compatible with the particular conditions 
the work, in order to give maximum rigidity to the 
drill, and when using hand feed, the drill must not be 
allowed to dwell without cutting. Drilling pressure 
should be uniform and continuous, and when periodic- 
ally relaxed to permit the chips to clear the flutes, the 
drill should be re-started at the bottom of the hole with 
a positive feed. When drilling to depth, the drill 
should be withdrawn at intervals to minimise clogging 
and seizing of the flutes.. A eral guide for deep 
hole drilling is to extract after times the diameter 
of the drill for the first insertion ; after 1} diameters 
have been drilled for the second ; and } diameter for 
succeeding depths. A centre punch should not be used 
for locating a hole before drilling, as this work- 
hardens the surface, and if centring is necessary, it 
should be done with a centre drill Drill-jig bushes 
ble, to enable the 


be experien 
stresses, the standard point angle of 118 deg. 
should be flattened to 130 deg. r type, or stub, 
drills, with a flute length approxi 'y two-thirds of the 





standard length and with an increased core taper, have 
proved very successful in minimising breakage when 
drilling sheet material. A lip clearance angle of 12 deg. 
is suitable for the ferritic and martensitic stainless 
steels, but for the austenitic types, this clearance should 
be increased to 15 deg. For deep holes the crankshaft 
drill is reeommended. This drill is of a quicker helix 
than standard and has a heavy reinforced cote to give 
maximum rigidity, and the suggested method of point 
grinding is shown in Figs, 2 and 3, herewith, the point 
being designed to provide cutting edges on the chisel 
point, thus reducing, drilling pressures;. Soluble-oil 
coolants are recommended, for large-diameter drilling, 
and tallow or turpentine are the most suitable forsmall- 
diameter working. The feed and speed* drilling chart, 
Fig. 4, on this page, refers to drilling to normal depths, 
and for the drilling of deep holes, in relation to. drill 
diameter, the should be, reduced. Curve 1 
indicates the drilling speeds for martensitic and ferritic 
types of stainless steel ; curve 2 the drilling speed for 
chromium-nickel steels of the austenitic type ; and the 
straight line, 3, gives the feed for the different sizes of 
drill. For the machining qualities of steel, par- 
ticularly in the smaller range of drill sizes, the penetra- 
tion may be increased up to 50, per cent. 

For general reaming applications, high-speed steel 
reamers with helical flutes are recommended. Hand 
reamers should have the standard 2-deg. included- 
angle taper lead; the machine type having 45 ; 
chamfer or lead. The cutting faces of the teeth sho 
be provided with 3.deg. to 5 deg. positive rake. The 
reamers be kept shatp, removing from 0-006 in. 
to 0-010 in. of material with a feed of 0-005 in. to 
0-008 in. feed per revolution. The hand tapping of 
stainless steel should be performed with care to avoid 
snipping of the cutting edges. The strong tenacious 
chips produced necessitate care in reversing the. tap, 

frequent reversal should be avoided to minimise 
snipping. The back face of the lands should be radial 
or Tightly undercut, to break the chips on reversal. 
High-speed steel, form relieved, ground-thread taps 
are recommended and the only modification normally 
required to standard taps is to increase the rake angle 
or undercut to 8 deg. to 12 deg. In normal circum- 
stances, the tapping of stainless steel should not be 
attempted with a drilled hole giving a full thread, as 
this considerably overloads the tap, arid a drill giving a 
maximum of 75 per cent. full thread should be used. 
In view of the necessity for adequate chip clearance, 
it is desirable to use three-fluted taps, and for small 
sizes, two’ flutes may be used with advantage. To 
give the increased chip space necessary for deep hole 
tapping, thin the lands by grinding the heels. While 
the tapping of ferritic and martensitic stainless steels 
can be effected, particularly on through holes, with 
standard taps, that is, taper, second and bottoming, 
more satisfactory results can be obtained with seria! 
taps on the austenitic work-hardening type of stainless 
steels. Serial taps have the taper and second taps 
under size, and Fig. 5 shows the balanced distribution 
of work obtained when using serial taps. For the 
tapping of long through holes and all blind holes, the 
use of serial taps is particularly desirable. A suitable 
lubricant should always be used, and results may 
be obtained with white lead and tallow in equal parts, 
white lead and sulphurised cutting oil, or sulphurised 
cutting oil. 
» For successful machine tapping, the tap and the 
component being machined should be maintained in 
correct alignment, and the tapping machine or attach- 
ment should be of a sensitiveness proportional to the 
size of tap being used. When ground-thread machine 
taps are used, the threads:and shank are concentric and 
the use of floating holders is unnecessary and is to be 
deprecated. A good flow of sulphurised cutting oil 
should be maintained as a lubricant, and where this is 


of | not practicable, a white lead and tallow paste should be 


applied to the cutting edges of the tap, and the chips 
cleared from the flutes after each machine A 
peripheral speed of 10 ft. to 25 ft. per minute should be 
used, the higher speed being for the free-machining 
grades. Good results = ated with spiral-point 
or gun-nosed taps on through holes, and their use is 
recommended for quantity production where a high 
output is required. Fig. 6, on this page, shows the 
special fluting of a gun-nosed tap as recommended for 
stainless steel, but in difficult cases reference should be 
made to the tap manufacturers so that. the most 
suitable taps can be supplied. 

For cutting external threads on stainless steels 
self-opening dieheads should be used wherever possible. 
For small sizes, spring screwing dies, either of the con- 
ventional type or the Acorn type, may be used, and 
satisfactory threads' can be obtained with circular 
screwing dies or button dies, as they are alternativel 
termed. The cutting edges should be sharpened with 
—— angle — the standard aieg 
the je being increased to a xima’ 1 ; 

dicheada, high 


For screwing with self-opening di -speed 
steel praca bona chasers are and 








normally two cuts are necessary, the finishing cut 
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ees ae ee on diameter. Radial type 
dies should be with + 5 deg. top rake for 
roughing and -+ 13 deg. top rake for ing. Tan- 
gential-type dies have + 15 deg. to 25 deg. top 
take, and circular-type dies should have +. 15 deg. top 


take. The throat on all types should be as long as 
possible up to 15 deg. chamfer or three threads. Cuttin 
speeds of 8 ft. to 20 ft. per minute are reco 

acco: to pitch, the slow speed being for the coarse 
pitches of about 6 t.p.i., and the high range for finer 
pitches of above 26 t.p.i: Sulphurised cutting oil is 
recommended as a lubricant, while for fine-thread 
working an addition of paraffin has shown some 


advantage. 

Milling cutters for stainless steels should be of 
18 cent. tungsten, or tungsten-cobalt high-speed | 4 
» Of modern design, having coarse or ae ae pitch 

of toothing, with a quick helix angle. 
shat howe '6'dan: to 10 deg. undercut or positive 
radial rake on the face, and in the case of cutters with 
teeth, such as end mills, etc., where the helix on 
peri the’ cutter has an influence on the cut- 
the end teeth, the hand of helix should 
give it er ta i a A ri 
should have peripheral teeth of 
The side is. face cutter types 
red tooth type, the side 
teeth and the roataanrher type of cutter having 
ia sien aur bethoaiden of Sie cutter dante 
alternate ye and left-hand formation of the 
periphery teeth. ives a balanced cutting action 
and limits chatter wom the work-ha of the 


un 


Ht 
g 


surface. When resharpening, as indicated by a in 
Fig. 7, on 527, the lands should be backed off at 
5 deg. to 7 . on the periphery, aceording to the cutter 


i , as shown at b. Up to 2} in. in diameter. 
ile. hah sen ca Sater ae on larger dia- 


decreas 
Repeated resharpening of cutter will 
pupal same: type my samy Abas c, which should 
be reduced to its original width by grinding a secondary 
clearance, d. This will prevent: back of the land 


rubbing on the work and minimise work-bardening 
effects: Milling cutters should be set true on the 
machine arbor and given maximum support to reduce 
overhang to a minimum. With the high cutting 

sooatenes giteh <iseny aniting ‘tililoes stenks, figs ant 


mise dwell on the work. Cutters must be kept sharp, 
as a dull cutter will lead to work-hardening and ——_ 


collapse. In cases where tooth sige Seas te oh 
work is excessive, cutting id be aitebiy 
notched to break up the les len, chor chip. Relatively low 
peripheral and moderate to heavy cuts are 
Segmental high-speed steel circular 
cold saws are for cutting stainless steels. 
For martensitic and ferritic types, peripheral speeds 
of 30 ft. to 50 ft. per minute, with feeds of 1 in. to 1} in. 
per minute, are recommended. For the austenitic 
chromium-nickel steels, a peripheral speed of 25 ft. per 
minute with } in. to 1 in. feed is most suitable. The 
segmental-type saw with a front cutting angle of 
approximately 15 deg., and a dames of 7 deg., 
has alternate high low teeth difference in height, 
measured radially, being of the order of 0-015 in. 
The low finishing tooth is kept square, and the high 
roughing tooth has a corner bevel of 40 deg. Attention 
should be given to ensure the effective removal of the 
chips from the teeth of the saw, and in the case of 
stainless steels, a sprocket-type chip remover is prefer- 
able to the conventional roller ac The cutting 
anal wtimaepeienae a 
removed in spirals, meee ye le, this 
should be used for the cold sawing of stainl Seen: 





L.M.S. LocomMorTiIve Srock.—Some interesting details 
of the London Midland and Scottish Railway Company’s 
locomotive position are given by the President, Sir 
William V. Wood, in the November issue of the L.M.S. 
staff newspaper, Carry On. He says that although the 
book stock of locomotives is 7,972, there are only 6,746 
available for traffic because 161 are still on loan to other 
railways companies and firms, and 1,065, or 13-6 per 
cent. of the operating stock, are out of service for repairs, 
ete. The company aims at having 90 per cent. of the 
operating stock available for service, and although the 
number of available locomotives is 6 per cent. greater 
than on September 1, 1939, it is not enough to deal with 
the increased traffic. In addition, war time construction 
was concentrated on 2-8-0 freight locomotives, so that 
their present stock, by types,is unbalanced. The 1946 
and 1947 building programme would reduce the book 
stock by 121, but the total locomotive power would be 
greater. The programme for converting 485 locomotives 
to oil-burning, at a cost of 900,0001., was depriving them 
of 80 locomotives for 12 weeks—the period required for 
conversion. Sir William also referred to the low quality 
of coal affecting locomotive performance and avail- 
ability, and to the time and labour saved by the adoption 
of black paint for painting locomotives. 
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579,747. Fuel-Pump Control. Joseph Lucas, Limited, 
of Birmingham, and R. J. Ifield, of Birmingham. (3 F'igs.) 


t- | May 12, 1943.—The invention is a simple contro] for 


automatically maintaining the ratio of the liquid fuel 
and air supplied by a variable-delivery pump and a 
blower. The pump consists of a rotary body a in a 
casing having a number of bores, in each of which is a 
plunger d. During rotation of the body, the plungers are 
moved in one direction by a swash plate e and in the 
opposite direction by springsin the bores. In the casing 
are the liquid-fuel inlet i and the liquid-fuel outlet p. 
Adjustment of the swash plate for varying the pump 
output is by a rod connected to a piston sliding in a 
cylinder 0. One end of the cylinder is connected to the 
outlet p of the pump by a passage, and to the other 
end of the cylinder by a restricted passage. The other 
end of the cylinder contains a spring urging the piston in 
the direction of maximum pump output, and has a pair 








(579,747) 


of vents closed by members u, v. When the vents are 
closed, the liquid pressures at the two sides of the piston 
are balanced, and the spring moves the piston to the 
position of maximum delivery, but when either of the 
vents is opened, the liquid pressure on the same side of the 
piston as the spring is relieved and the liquid pressure 
on the other side of the piston moves the latter to reduce 
the pump output. The closure member wu is controlled 
by a spring-loaded lever in a chamber y communicating 
with the pump inlet passagei. The chamber y is divided 
by a controlling diaphragm having an abutment, bear- 
ing on one end of the lever. Fluid is supplied to the 
outer side of the diaphragm at a pressure which varies 
with the speed of the pump. The diaphragm is loaded 
by an adjustable spring. The closure member v is in 
the form of a dise mounted on a diaphragm which divides 
the chamber 10 into two compartments. One compart- 
ment communicates with the chamber y through a port, 
and the other communicates with the air blower. The 
closure member v is subject to the opposed actions of the 
blower delivery pressure and the pump delivery pressure. 
The amount of opening of the vent which controls the 
rate of delivery of liquid fuel by the pump, depends on 
the difference between these two pressures. (Accepted 
August 14, 1946.) 


STEAM ENGINES, BOILERS, ETC. 


580,348. Stop Valve. Cockburns, Limited, of Car- 
donald, J. Rodger, of Cardonald, and T. Grant, of Car- 
donald. (3 Figs.) July 5, 1944.—Stop valves for use 
with steam at high pressures and temperatures are often 
fitted with an easily removable valve-seat ring secured in 
Position within the valve chest by means of studs or 
setecrews. The invention prevents any seat-securing 
stud, nut, or setscrew, from becoming loose within the 
valve chest, and damaging the high-pressure steam 
installation. The valve consists of a stop valve chest 10, 
a stop valve 11, and a valve-seat ring 12. The seat ring 
is ksi in position in the valve chest by studs 13 passing 
through the seat ring and fitted with nuts which abut 
on the seat ring. In the chest above the valve-seat ring 
is a safety ring 16 with spaced pockets, each of which 
holds one of the seat-securing nuts and prevents detach- 
ment of the nut from its stud. The safety ring 16 is in 
contact with the seat ring and is held in position by 
radial setscrews 18 through holes in the lateral wall of 
the chest. The setscrews engage in sockets in the peri- 
phery of the safety ring. The setscrew heads are a steam- 
tight fit with the chest. The safety ring 16 is machined 








_Nov. 29; 1946. 
from solid metal and has a flared bore Which is a divergent 
continuation of the orifice of the valve-seat ring. Tig 
pockets are cylindrical and are machined out of the safety 
ring to a ony slightly Sxccoding the maximum external 
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dimensions of the nuts. The safety ring is centralised 
in a cylindrical machined internal belt portion of the 
lateral wall of the valve chest. Each nut is imprisoned in 
@ pocket and cannot become loose. (Accepted Septem- 
ber 4, 1946.) 


MISCELLANEOUS. 


579,814. Wire-Tensioning Device. R. Graseby, of 
Itechenor. (4 Figs.) October 9, 1941.—The object of 
the invention is to ensure that wire paid out from a drum 
is maintained in constant tension and that the drum stops 
immediately the tension on the wire ceases. The drum 
on which the wire is wound is supported by trunnions 
mounted in bearings. One bearing is in the centre of a 
side plate of a brake drum 7 which is mounted on a 
bracket, and the other bearing is carried at the end of a 
rod ted on a d bracket. The plate of the 
brake drum near the drum on which the wire is wound 
has two diametrically disposed projecting pins 14, 15 
which engage holes in one plate of the drum. The wire 
passes from the drum over a first pulley mounted at the 
end of an arm 17, which is pivoted on the supporting 
plate. The wire passes through a direction device and 
is guided by it on to the pulley. One end of the brake 
band 20 is anchored to a pin mounted on the bracket 
carrying the drum, and the other end is connected to a 
lever pivoted on a second pin mounted on the bracket 
and connected by a rod 24 to the arm 17 on which the 
first pulley is mounted. From the first pulley, the wire 
is taken several times round a second pulley 25, and 
thence away. The second pulley carries counting 





mechanism 26 by which the revolutions of the pulley are 
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counted and the amount of wire passing over it and paid 
out is measured. A small plate 27, pivoted at one end 
on the supporting plate, has a hole, and when the appa- 
ratus is not in use the plate is turned down and the arm 17 
is raised so that a pin on the arm enters the hole, in which 
it is fixed by a screw, so that the arm is secured. The 
drum loaded with wire is heavy, and, to assist in centring 
its trunnions in their bearings, a carriage is provided con- 
sisting of a pair of rods. These rods are carried at their 
ends by levers pivoted on the bearing brackets. By 
mbdvement of a handle 37 the rods are brought together 
and raised to raise the drum resting on them. After 
the drum has had its trunnions mounted in the bearings, 
the handle is moved in the opposite direction and the 
rods moved away fromthe drum. During the paying out 
of the wire there is a small tension on it and the arm 17 on 
which the first pulley is mounted is maintained in a raised 
position against the action of the weight of the pulley. 
The brake band 20 is then free of its drum and the wire 
can be paid out. Should the tension on the cable cease as, 
for example, by the cessation of movement on the cable- 
carrying apparatus in a forward direction, the arm 17 
carrying the first pulley falls immediately and the brake 
is applied and the drum stopped. By a careful choice 
of the proportions of the levers, a powerful braking force 
can be applied to the brake drum by a relatively light 
pulley, the effect of which on the value of the tension in 
the wire during paying out is very small, making the 
apparatus sensitive to small changes in tension. (Accepted 
Auguat 16, 1946.) 
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REINFORCEMENT OF 
BRANCH PIECES. 
By J. 8. Buatr, B.Sc., M.I.Mech.E. 


(Continued from page 511.) 
In view of the considerations discussed in the 
preceding instalment of this report, on page 508, 
ante, it was decided to carry out two types of tests 


Fig: 65. 





moment at right angles to this plane. Since it was 
desired to reproduce working conditions as nearly 
as possible, the specimens were maintained under 
internal pressure during these tests. In addition, 
a number of static tests were carried out without 
internal pressure, since this condition may arise in 
certain cases. 

The test pieces consisted of 90-deg. branch pieces 





of the same type of tube, 6} in. outside diameter and 


branch to the barrel and the » slight building up of 
this welding probably provided a little reinforce - 
ment, although no account has been taken of this. 
Type Ui: Unreinforced, with branch “set in ” 
(test pieces Ui 1, Ui 2).—This was similar to type 
Uo, except that the branch was set inside the hole 
cut in the barrel. The making of the inside run of 
welding in this type is more difficult than in the 
set-on type which was used for all the other test 
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be P.S.R.= 1-0 | | 
on branch pieces with various reinforcements, | } in. thick, as had been used in previous tests, either | pieces. The P.S.R. for both of the above unrein- 


namely, static bending tests to determine the stiff- 
ness of the branch and the bending moment at 
which yield occurred, and vibration tests at approxi- 
mately constant amplitude for all types to deter- 
mine the life of the various reinforcements under 
these conditions. In both cases, the majority of 
the tests were carried out with the bending moment 
in the plane of the barrel and branch, but some 
transverse tests were carried out with the bending 





unreinforced or with various reinforcements. These 
are shown in Fig. 65, on this page, and details are 
given below. 

Type Uo: Unreinforced, with branch “set on” 
(test pieces Uo 0, Uo 1, Uo 2).—In these three test 
pieces (and in all others except type Ui) the branch 
was ‘set on,” i.e., not introduced through the hole 
out in the barrel. Here, as in all other cases, internal 
and external runs of welding were used to weld the 


forced types may be taken as 0-7. 

CR: Compensating-ring reinforcement, 
(test pieces CR 1, CR 2, CR 3, bursting test only).— 
This consisted of a bent circular ring slipped over 
the welded-on branch, the ring fitting partway round 
the barrel and being welded to it along both inner 
and outer edges. The P.S.R. for this type may be 
taken as 0-8, this being confirmed by previous tests 





and later by bursting test piece CR 3. 
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REINFORCEMENT OF BRANCH PIECES. 


TABLE VI. T-PIECE REINFORCEMENT TESTS: EXTERNALLY APPLIED FORCES (STATIC BENDING AND VIBRATION). 
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Details of Test Piece Static Bending Tests. . 
Calcu- ~ ne 
Assumed} Fs Conditions of Proportional Limit. Conditions at Yield Point. - 
i ecmeng to = 
Propor- | $tensth) Reach = 
tional wae) Propor- | riternal Longi- Maxi- | Approx- ' 
lise Branch | Limit. |‘*-°-*-)| tional | ‘DY%M®’! Bending] Deflec-| yy | tudinal| M¥™ | imate | Ratio. Bending] Defiec- 
es Typeof —_|Set “In” Limit. | fessUrel woment.| tion = | Bending) CO™- | Stress- | P Load. | Moment.| tion 
Piece Reinfo t (Radial). ‘ . é : NS! bined | Raising > ' ’ See 
No reement. or Stress. > Pp F “ 
. “On.” Stress | Factor Position of | Fig, 
(Haigh).| (8. R.F.). Luders’ Lines. | No. 
Sp- |SuorSr) Pop. P. M. é. So. F. fplF¥. Hy. My. by. 
Tons Ba Lb. Lb. + Tons| Tons . Per Tons 
per sq.in. per sq.in.|persq.in,| Pus In.) In, Tons. {per sq.in.|persq.in.| © cent. |persq.in.| 10" In. | In. | 
4 ‘Ailes 
UoO | Unreinforced .. 14-5 0-7 | 1,820 | 1,700 40-3 0-260 15. 5°3 15+1 1-0 93-4 1-4 62-6 0-510} Shoulder and | = 
+ face | 
Uol ws On 14:5 Ps 1,820 | 1,010 51-5 0-350 147 6:7 1l:4 1:3 55:5 1-4 62-6 0-485 | \ shoulder 
‘ 0 56-9 0-395 144 7-4 7-4 2-0 0 1-4 62-6 0-470 | 5° 7 
Uo2 9 15-0 ~ 1,880 | 1,460 40-3 0-245 165 5:3 13-5 1-1 77-7 1-4 62-6 0-500 | L crotch 
0 50-2 0-310 162 6-6 6-6 2-3 0 1-4 62-6 0-435 
Vil ss 15-0 t 1,880 980 47-0 0-230 168 6-1 10-8 1-4 52-1 1-4 62-6 0-470 | \ pace (barrel 74 
In 0 52-8 | 0-330] 160 6-9 6-9 2-2 0 1-4 | 62-6 | 0-430 ia 
vi2 r 13°5 1,690 | 1,430 | 44-8 | 0-265] 169 5-9 | 13-7 1:0 | 84-6 1-4 | 62-6 | 0-480 | Lirace 
0 53-7 0-330 163 7-0 70 | 1:9 0 1-4 62-6 0-410 
CR1 | Compensating 17-0 0-8 | 2,430 970 87-3 0-405 216 11-4 14-4 | 1-2 40-0 2-4 | 107-5 0-580 | Lcroter 
ring} On 0 2-6 | 0-290] 216 8-2 8:2 | Bed 0 2:0 | 89-5 | 0-475 ; | 
CR2 * ” 17-0 2,430 890 80-5 0-360 224 10-5 13-3 | 1:3 36-6 2-8 | 125-1 0-660 | L oroten | 
0 103-0 0-460 224 13-4 13-4 | 1-3 2-9 | 129-9 0-600 
T 1 | Triform 14-0 1-0 2,510 900 80-5 0-330 244 10°5 12-6 | 1-1 35-8 2-2 98-4 0-485 Crotch( branch) | 7 
3 My 0 73-9 0-330 22 9-7 9-7 1-4 0 2-2 98-4 0-545 and face 
T 2 » 16-0 ” 2,870 | 1,420 89-5 0-365 245 11-7 15-6 }- 1-0 49-5 3-0 | 134-1 0-635 | | Crotch(branch)| 70 
fy 0 85-0 | 0-360| 236 | 11-1 | 11-1 | 1-4 0 2-3 | 103-0 | 0-480 and face 
T 3 ” On 16°5 » 2,960 | 1,500 | 98-5 0-525 188 12-9 16-8 1-0 | 50-6 3-2 | 143-1 | 0-950 |” Crotch(branch) 
oe » 14-5 » 2,600 | 1,500 80-5 0-450 179 10-5 14:7 1:0 57-7 2-7 | 120-9 | 0-980 | Crotch(branch)| 69 
} | 
T 5 ” 14:5 » 2,600 | 1,500 76-0 0-330 230 9-9 14:1 1-0 57-7 2-6 | 116-3 | 0-750 Orvecti(branch)| 
T 5 | (Transverse) 14-5 ” 2,600 | 1,500 71-5 0-700 102 9-3 13-9 1-0 57-7 1-8 80-5 0-850 | Face(branch) | 
TE1 | Triform with 16-0 » | 2,870 | 980 | 89-5 | o-s95| 226 | 11-7 | 14-0 | 1-1 | 34-1 3-5 | 156-5 | 0-925 (1... me i 
extended shoe 0 | 109-5 | 0-440| 249 | 14-3 | 14:3 | 2-1 0 3-4 | 152-0 | 0-660 | Crotch (branch) 
TE2 ” a» a 14-5 - 2,600 930 | 100-9 0-390 258 13-2 15-3 | 1-0 35-8 3-2 | 143-1 0-650 | \. crotch (branch) 
0 80-5 | 0-330] 244 | 10-5 | 10-5 | 1-4 0 2-7 | 120-9 | 0-580 | 
TE2 | (Transverse) 14-5 *» 2,600 1,490 85-5 0-735 116 11-2 15-3 | 1-0 57°3 2-6 | 106-0 0-980 | | End of extend- 
0 94-0 0-760 124 12-3 12-3 | 1-2 0 2-7 | 110-0 0-940 | fed shoe (branch) 
TG1 | Triform with 17-0 a 3,050 | 960 | 98-0 | 0-405| 242 | 12-8 | 15-0 | 1-1 | 31:5 3-3 | 134-5 | 0-685 |\ Both ends of 
extended shoe 0 98-0 0-410 239 12-8 12-8 1-3 0 3-5 | 143-0 0-720 | gussets 
and gussets On 
TG 2 ”» ” 17-0 »» 3,050 910 | 102-0 0-400 255 13-3 15-3 1-1 29-9 3-5 | 143-0 0-645 | \ Both ends of 
0 104-1 0-460 226 13-6 13-6 1:3 3-2 | 130-6 0-650 gussets 
S$ 1 | Unreinforced 15-0 a 2,690 om az <2 “i etre 2 Ss eee we oP SS 
straight pipe | 
8 2 ss se _ 15-0 90 2,890 0 123-0 0-360 342 15-2 15:2 1:0 0 | 35 | 156-6 | 0-700 | Centre of span 
$3 | Fe a» 13-5 2,420 0 103-0 0-350 294 13-4 13-4 1:0 o | 27 | 121-0 | 9-640 | Centre of span 
BB 1 | Blind branch .. Que, 16°5 és 2,160 | 1,150 84-0 0-830 101 14-6 | 18-6 — 53-2 2-3 99-0 1-080 | Shoulder 
side | 
weld 
UC1 | Unreinforced — | 140 | 0-7 | 3,580 | 1,500 | 157-0 | 0-330| 476 | 9-2 _ ey 1-2 | 42-0 | 42 | 188-0 | 0-450] Crotch =| 
casting | 
| 
Notes on Tatle VI :-— 
1) Longitudinal Bending Stress: this is calculated for the tube acting as a beam, i.e., no allowance is made for secondary bending stresses. 
2) Correction for P.S.R.: in order to correct the hoop and longitudinal tension stresses for the effect of P.S.R.,they are divided by the P.S.R. 
3) Maximum Combined Stress: this is obtained by Haigh’s strain-energy method. 
4) Stress Raising Factor: this is shown rounded to two significant figures in the table, but exact values will be shown later plotted on the graph of stress-raising factor against the ratio ( 
of test pressure to proportional limit pressure. : 1 
(5) The conditions at the proportional limit are considered more reliable than those at the yield point and form the basis of the remaining calculations. 


(6) Load corresponding to Defiection in Vibration Tests: this is —-Y, 
(8) Longitudinal Bending Stress due to Vibration: this is obtained by multiplying the longitudinal bending stress at the proportional limit by the ratio of the vibration deflection to the pro- ; 


portional limit deflection. 


Type T: Triform reinforcement (test pieces T 1, | 
T2, T3, T4, T 5).—This reinforcement consisted 
of the usual three horseshoe arrangement encircling 
the junction of branch and barrel and united by 
means of a cylindrical boss at the junction point. 
The shoes which were used for these and later rein- 
forcements employing the triform as a basis were 
1} in. in radial width and nominally % in. thick, 
although actually the mean thickness was a little 
greater, being about 0-4in. The load which it was 
calculated could be withstood by these shoes was 
about 14 tons (yield load of crotch shoes, about 
4-3 tons each, and of barrel shoe, about 5-3 tons), 
while the unreinforced load to be supported was 
approximately 15 tons. The reinforcements were 
therefore somewhat on the light side, although 
when the slight additional strength supplied by the 
welding is taken into account there is no doubt 
that the P.S.R. for all the triform types, including 
types TE and Tw mentioned below, was at least 
equal to unity. 

Type TE: Triform reinforcement with extended 
shoe (test pieces TE 1, TE 2).—In this case, the 
shoe which encircles the barrel was extended at its 
open end so that it lay along the branch. The 
object of this arrangement was to hold the branch 


(7) The figures in italics relate to tests without internal pressure. 


TABLE V.—DIM™ENSIONS AND PROPERTIES OF TEST PIECES. 





























on to the barrel and prevent external forces tending 








Test Pieces. 
Dimensions, etc. 
82. BBI. UC. All Others. 
Mean outside diameter .. in. 6-5 6-5 7-0 6-5 
Maximum thickness - »» 0-340 0-210 0-750 0-303 
Minimum thickness a 0-223 0-175 0-440 0-234 
Mean thic ins J 0-28 0-19 0-57 0-26 
Mean 3 5-94 6-12 5-86 5-98 
K = 0.d./bore 1-094 1-062 1-194 1-087 
T/D -— 0-0431 . _0-0292 0-0815 0-04 
I ae” ger 26-4 18-7 60-0 24-9 
ine ee 8-12 5-75 17-15 7-66 
Hoop stress, Y= =O) 11-2P 16-4P 5-7P 12P 
Longitudinal stress, X = = 3— 5-1P 7-7P 2-37 P 5-5P 
Radial stress,Z =P .. Ee Pp P 4 P 
TG and 
TE Trans. Others. 

Bending arm in. 44-75 43-0 44-75 40-75 44-75 
to separate them. It is obvious that such an | shoe and gusset plates at crotch (test pieces TG 1, 
arrangement will have different properties depend- | TG 2).—This represented a further elaboration of 
ing upon whether the external forces are in line with | type TE, in which not only was there a triform with 
the barrel or transverse, and both types of tests | extended shoe, but triangular 45-deg. gusset plates 
were therefore carried out. were welded in the crotch on each side in an addi- 

tional-attempt to increase the strength. As it was 


Type TG: Triform reinforcement with extended 
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REINFORCEMENT OF BRANCH PIECES. 
TABLE VI. T-PIECE REINFORCEMENT TESTS: EXTERNALLY APPLIED FORGES (STATIC BENDING AND VIBRATION)—Continued. 
















































































ee 
ian Details of Test Piece. Vibration Tests, 
ee Defiec- Maximum 
tion as Longitu- Combined Stress 
Corr = of Bendi 
Internal | Defiec- on ng 
ponding | Propor- Stress | Frequency.| Duration. Life. Multiplied 
| See Test Pressure. | tion. Load. | tional | Due to by 
| Pig. Piece 7 PTR? (nd Limit Vibra- Position of See Fig. Net. 8.R.F. 
No, No. J Detiec- tion. crack. No. (C). 
tion. 
ed Se Hy. “3 Sy. n. h. i. Fy. OFy. 
| Lb. + Tons Cycles Kilo- Tons Tons 
Rares per sq. in. + In + Tons. | Per cent persq.in.| per min Hours cycles. per sq. in. | per sq. in. 
Uo O Unreinforced .. 1,700 0-19 0-66 73-1 3-88 1,580 0-33 31  ongg shoulder and 71, 72 14-6 14-6 
Uo 1 ae 1,010 0-10 0-33 28-6 1-91 1,560 5-30 496 Face +s i a 73 8-5 11-0 
7 Uo 2 = 1,500 0-10 0-37 40-8 2-16 1,820 4-75 519 Crotch (branch) .. 12-3 13-5 
vi 1 980 0-10 0-38 35-7 2-18 1,640 6-66 655 | Face Be 8-4 11-8 
q Ui 2 1,500 0-10 0-38 37-8 2-23 1,640 6-95 683 Crotch (branch) .. 12-3 12-3 
| 
| CR 1 | Compensatingring ..| 970 0-10 0-48 24-7 2-82 1,815 13-48 1,468 | Crotch (branch) .. rice 7-7 9-2 
=. CR 2 pS = 1,500 0-10 0-50 27-8 2-92 2,060 2-75 340 — (branch), both 68 11-2 13 -6* 
sides 
si T 1 | Triform ee 900 0-10 | 0-55 30-3 3-18 1,930 | 86-30 | 10,000 | Unbroken Laid) Lit, dou Baie 7-0 
1,420 0-13 0-69 35-6 4°16 1,986 5-47 652 Crotch (branch) .. 9-5 9-5 
69 Tiv3 a 1,500 0-10 0-42 19-1 2-46 1,890 14-30 1,622 Crotch(branch) . 9-1 9-1 
T 4 - = wa 1,500 0-10 0-40 22-2 2-34 1,980 6-67 793 Crotch (branch) .. 7 69 9-1 9-1 
T’.5 on 1,500 0-10 0-52 30-3 3-00 1,960 8-70 1,023 Crotch (branch) .. 9-4 9-4 
_ T 5&6 (Transverse) 1,500 0-19 0-42 27-2 2-53 1,400 15-60 1,310 Face (branch) 9-2 9-2 
TE 1 Triform with extended 9380 0-10 0-51 25-3 2-96 1,840 10-90 1,203 Crotch (barrel) 6-7 7-4 
TE 2 y 7 aie ba ae a 4 die at = ade ZS 
a TE 2 (Transverse) 1,500 0-19 0-53 25-8 2-89 1,380 3-00 248 End of extended shoe 75 9-3 9-3 
(barrel) 
TG 1 Triform with extended 960 0-10 0-594 24-7 3-16 2,000 1-90 228 Both ends of gusset , 76 6-7 7-4 
shoe and gussets 
: TG 2 rt ‘, 1,500 0-10 0-63 25-0 3-30 2,040 2-49 305 End of gusset (barrel) . 9-5 10-5 
Ss 1 — straight 1,400 0-10 ~~ 0-66 28-6 4-21 2,000 107-78 12,930 Unbroken 9-6 9-6 
pe | 
8 2 ‘ 5 1,500 0-15 | 1-15 41-7 6-34 2,000 13-75 1,650 Top 14 in. from centre .. 11-0 11-0 
s 3 ” ” 1,500 0-15 0-99 42-8 5-75 1,980 25-15 2,990 Top (centre) 11-0 11-0 
BB 1 Blind branch 1,150 0-20 | 0-47 24-1 3-52 1,800 1-58 171 Shoulder .. 9-9 9-9 
eS 
UC 1 Unreinforced casting ..{ 1,500 0-11 1-17 33-3 3-07 2,600 0-60 94 Crotch (branch) .. Be 77 6-9 8-3 
= 


itio 


ro- 












































obvious that this would behave in much the same 
way in the transverse test as the TE type, only 
in-line tests were carried out. 

Type 8: Plain straight pipe (test pieces S 1, S 2, 
S 3).—These three test pieces were plain unrein- 
forced straight pipes, without branches. 

Type BB: Blind branch.—This was an attempt 
to obtain, for comparison, a fully reinforced branch 
piece, by having no large hole cut in the barrel, the 
branch being welded over a solid block, itself welded 
to the surface of the barrel. No external reinforce- 
ment was applied, but the test piece was unsatis- 
factory due to great stress concentrations arising 
from the abrupt changes of section. 

Type UC: Unreinforced casting.—In order to be 
strictly comparable with the other test pieces as 
regards ability to withstand internal pressures, this 
unreinforced casting was made considerably thicker, 
in accordance with the requirements of B.S. 806. 

Since an internal run of welding had to be applied, 
it was necessary in all cases for the branches to be 
not longer than about 9 in. To make the bending 
arm sufficiently long, however, the branch had to 
be extended to a total length of 4 ft. and this was 
done by welding an additional piece of tube on to 
the short branch, the junction being made by means 
of an all-welded Dawson joint without flanges. As 
this joint was considerably above the point of 
maximum bending, it did not affect either the 
vibration or the static bending tests. The reason 
for using a welded joint here rather than a flanged 
joint was that difficulty might be experienced in 
the vibration test, due to slackening of bolts. 








* Stress-raising factor calculated. 


Table V, opposite, gives the principal dimensions 
of the test pieces. Most of them were alike, but the 
three exceptions, 82, BB1 and UC1, require 
individual treatment. The length of the bending 
arm given in the table is the distance from the 
point of application of the load to the crotch or to 
the first part of a reinforcement, whichever is less. 

Physical tests were made on samples cut from 
every branch piece and, while a certain amount of 
variation was noticed among the various test pieces, 
the average ultimate strength was approximately 
27 tons per square inch, which is comparable with 
the 28 tons per square inch found in the earlier 
internal-pressure tests on somewhat similar material. 
The most important physical property, however, 
from the point of view of calculation of stresses in 
these tests is the proportional limit, since it is well 
marked in the plotted curves of deflection against 
load in static bending. These curves, of course, 
represent a mean for the whole cross section of the 
tube and take account of such matters as variation 
in thickness or physical properties round the tube. 
In consequence, single spot readings of physical 
properties obtained from specimens cut from the 
tubes do not necessarily give a true representation 
of the average properties. Nevertheless, this is the 
only method conveniently available for determining 
the proportional limit of the material, and, in 
general, two specimens were cut from each barrel 
and from each branch prior to fabricating the branch 
piece. Occasional check specimens were cut after 
completion of the tests and these gave similar results. 
The accurate determination of the proportional 








limit of tensile specimens by means of extenso- 
meters is a slow and elaborate process, and although 
it was done in a few cases it was considered sufficient 
in the majority of cases to determine the lower yield 
point and also the point of departure of the stress/ 
strain diagram from a straight line on the auto- 
graphic record by a Hounsfield Tensometer, and 
from these values to assess the proportional limit. 
The point of departure from the straight line 
obtained with the Tensometer is more in the nature 
of a proof stress (of the order of 0-01 per cent.), and 
it should be remembered in this connection that the 
accuracy of determination of the proportional limit 
from the static bending deflection curves is much 
higher, being more of the order of 0-002 per cent. 
proof stress, that is, substantially a true proportional 
limit. In general, it was found from the accurate 
extensometer tests that the true proportional limit 
was approximately 2 tons per square inch less than 
the 0-01 per cent. proof stress obtained in the 
Tensometer, or, which is practically the same thing, 
2-5 tons per square inch less than the lower yield 
point. ‘The final values adopted for the propor- 
tional limit are shown in Table VI, on this and 
the opposite pages, for each test piece. 

If these pipes were specified to B.S. 806, the stress 
in them at high temperatures would normally be 
two thirds of the proportional limit at the working 
temperature. It was decided, therefore, to produce 
a combined stress equal to two thirds of the propor- 
tional limit at room temperature (13-2 tons per 
square inch nominal), i.e., 8-8 tons per square inch. 
Using the nominal dimensions of 64 in. outside dia- 
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meter and } in. thick, the pressure to produce this 
stress of 8-8 tons per square inch is approximately 
1,500 lb. per square inch, and thishas been generally 
taken as the pressure at which the tests should be 
carried out, although in a certain number of cases 
a pressure of 1,000 Ib. per square inch (corresponding 
stress = 5-9 tons per square inch) was used. The 
actual stresses produced both by internal pressure 
and by bending actions are, however, given in 
Table V for each test piece. 

A certain number of preliminary tests were carried 
out to determine the behaviour of the branch pieces 
and to establish a routine for the main series of 
tests. One or two special tests were also carried out 
after the main tests had taken place, and for con- 
venience these are grouped with the preliminary 
tests given below, namely, (a) tests to determine the 
deflection of various parts of the branch when under 
static bending ; (6) tests to determine the effect of 
various internal pressures ; (c) static bending tests 
to considerably beyond the yield point ; (d) a burst- 
ing test on one of the compensating-ring type of 
reinforcements ; and (e) observations on the mode 
of vibration of various parts of the reinforcement. 

Since a bending moment in line with the barrel 
will not only cause the branch itself to bend but also 
cause flexure of the barrel, some tests were made to 
determine the extent of this flexure and its influence 
on the measured deflection of the branch. Dial 
gauges were placed at various points along the top 
surface of the barrel and from their readings it was 
possible to determine the tilt at the base of the 
branch resulting from the bending moment on the 
barrel. Several ofthe reinforcements were tested in 
this way and, after suitable allowance has been made 
for this flexure, the deflection of the branch itself 
gives some indication whether the reinforcement is 
making the branch have a truly “ fixed-end ’’ con- 
nection to the barrel. A comparison of the stiffness 
of the branches resulting from the various reinforce- 
ments is given later in the discussion of the test 
results. 

A number of static bending tests with different 
internal pressures was carried out on test piece Uo 1. 
The results of these tests indicate that, as was to 
be expected, the greater the internal pressure, the 
stiffer the test piece and the lower the bending 
moment required to reach the proportional limit. 
The range of internal pressures considered here, 
however, has relatively little effect, although it is 
interesting to note from later similar tests that, in 
general, the more efficient the reinforcement, the 
less effective is a change in internal pressure. As 
a result of these preliminary tests, it was decided 
to carry out, usually, two static bending tests on 
each test piece, one at high pressure (1,500 lb. or 
1,000 Ib. per square inch) and one without internal 
pressure. All vibration tests were carried out with 
internal pressure, generally the same as that used in 
the static test. 

Three of the test pieces (Uo 1, Ui 2 and T 1) 
were subjected to static bending tests to consider- 


Fie. 66. Test Bev, SHowrne Test-Prece TG 2 UNDER 


Fic. 68. Test Prece CR 2, SHowine Crack 
In CROTCH. 


ably beyond the yield point after they had been 
tested to failure in the vibration test. Since they 
now each contained a small crack, it was not possible 
to carry out this static bending test under internal 
pressure, but the crack was not usually in such a 
position as greatly to affect the behaviour of the 
test piece under bending action. As is to be ex- 
pected, considerable lateral bulging occurred on the 
face of each side of the branch piece, the material 
moving radially outwards as the branch is bent. 
Both Uo 1 and Ui 2 were similar in this respect, 
but the triform T 1 showed no such bulging, the 
branch bending near the top of the reinforcement. 
Bending moment/deflection diagrams were plotted 
for these test pieces and, as is to be expected, that 
for the triform is of the type obtained from bending 
a straight pipe, while those from the unreinforeed 
test pieces show not only a lower yield point, but 
much more gradual extension after the yield point, 
due to the steady collapse and bulging of the 
material at the face on each side. 

Although similar reinforcements had already been 
tested under internal pressure and found to have a 
P.S.R. of 0-71, a check test was made by bursting 
test piece CR3. The burst occurred in the zone 
requiring reinforcement, having apparently started 
close to the edge of the compensating ring. 
P.S.R. at yield was 0-78, indicating that the re- 
inforcement was insufficient. Details are given in 








Table III, pages 218 and 219, ante, where the test 








Fic. 69. Test Prece T 4, SHowrxa VIBRATION 
Crack AND Ltpzrs’ Livgs. 


has been included under the earlier internal pressure 
tests. 

By watching a number of brightly polished points 
on various parts of the test pieces, both with or 
without the use of a stroboscope, it was possible 
to see the mode of vibration of the different parts. 
A particular study was made of the unreinforced 
type as compared with the triform and the gusseted 
types. It was noticed that, in the case of the un- 
reinforced test pieces, hardly any point of the zone 
requiring reinforcement was stationary and, in 
addition, that the middle part of this zone, and 
also the crotches, were alternately moving radially 
in and out. The amplitude of vibration here was 
also quite large, in spite of the fact that such points 
were a considerable distance from the vibrator itself. 
In the case of the triform, however, the fixing 
introduced by the reinforcement was of such 
efficiency that the actual junction point of the 
horse-shoes remained quite still, there being no 
tendency for in and out radial movements. In 
fact, this junction point formed the centre about 
which the branch vibrated. In the same way, the 
crotches were prevented from moving in and out by 
the stiff shoe, and the movement at any point was 
roughly proportional to its distance from the junc- 


The | tion point of the shoes. Each point moved along 


an arc, the centre of which was the junction point, 
thus indicating that all secondary flexure was sup- 
pressed and that the branch and barrel moved as 
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one solid piece. In the case of the gusseted types, 
however, the gusset was so stiff where it was applied 
to the surface of the branch or barrel that, while 
it hardly moved at all, the barrel or branch adjacent 
to it moved appreciably, with the result that con- 
siderable stress concentration and bending actions 
occurred round the toes of the gussets. As is to be 
expected, these were the points at which subsequent 
failure occurred. 

As a result of the preliminary tests mentioned 
above, it was decided that the main tests should 
consist of subjecting each test piece to static bend- 
ing tests, both with and without internal pressure, 
followed by a vibration test with internal pressure, 
on the same test piece. In these tests, the barrel 
was firmly clamped to the test bed and the bending 
moments applied by pulling the top of the branch 
either in-line with or transversely to the barrel, the 
load being measured by means of a spring balance. 
The deflection was measured by a dial gauge at the 
top of the branch. ing tests were not carried 
beyond the point at which the first Litiders’ lines 
appeared, to avoid stressing the test pieces unduly. 
The vibrational forces were applied by means of a 
small rotating out-of-balance vibrator attached to 
the top of the branch. Full details of thc method of 
testing and of the special methods of measuring the 
deflection during the vibration tests will be given in 
an appendix, while Figs. 66 and 67, opposite, show 
general views of the test bed with various types of 
test in progress. 

In a few cases, where the stiffening action pro- 
vided by the reinforcement was obviously different 
in the plane of the branch and barrel from that 
provided in the plane at right angles to this, trans- 
verse bending and vibration teste were also carried 
out. Such tests were particularly necessary in 
the case of the triform with extended shoe, type TE, 
which is practically a normal triform in the plane 
of branch and barrel, but when stressed at right 
angles to this becomes similar to a gusseted type. 
One of the plain triforms was also tested trans- 
versely to check that its properties were similar in 
all directions. The test results are shown in 
Table VI, in which reference is also made to the 
illustrations, Figs. 68 to 77, on the opposite page and 
on page 540, showing different stages of the tests. 

A certain number of the test pieces were cut up 
80 that the cracks formed during the vibration test 
could be examined. These cracks were found to 
be of the usual fatigue type and in all cases 
through the tube material, not through any of the 
welds. Many of the cracks started close to the 
edge of a weld connecting the reinforcement to the 
branch or barrel, since, although the bending 
moment in the weld itself may have been somewhat 
higher, the additional thickness of the weld caused 
the crack to occur in the parent metal alongside it. 
It is clear, therefore, that the welds were of ee: 


strength. 


(To be continued.) 
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Furness Railway: Iis Rise and Development, 1846-1923. 
By W. McGowan Grapon, B.A. Published by the 
author at 333, Corn Exchange, Manchester, 4. [Price 
15s. net.) 

Au who have ever worshipped at the shrine of * Old 

Coppernob” outside Barrow Central Station (and 

their name must be legion) will be grateful to Mr. 

Gradon for this detailed study of the Furness Rail- 

way, on which that ancient product of the famous 

firm of Bury, Curtis and Kennedy was one of the 
first four locomotives. The railway was incor- 
porated in 1844 and opened for traffic in August, 

1846, and, in the course of its 76 years of independent 

existence, absorbed several interesting little lines, 

until, at the date of compulsory grouping (January 1, 

1923) it operated over 430 miles of track. Mr 

Gradon deals fully with the associated ms, 

which included the Ulverston and Lancaster Rail- 

way, the Coniston Railway, theWhitehaven and Fur- 
ness Junction Railway, the Whitehaven, Cleator and 

Egremont Railway, and the Cleator and Workington 

Railways. He includes a generous selection of 

statistics and is liberal with illustrations, especially 

of locomotives ; and it is evident from the text, 
quite apart from his acknowledgment in the preface, 
that he has had access to a great deal of original and 
authentic material—for instance, he even quotes the 
names of the first engine-drivers on the Whitehaven 
and Furness Junction Railway and the Whitehaven, 
Cleator and Egremont Railway. So much detail is 
embodied, in fact, that the absence of an index, 
while regrettable, is easily understood, Thanks are 
due to the author, too, for exhuming such choice 
fragments as the plan of Mr. John Abel Smith, put 
forward in 1843, for a causeway “to connect Roa 

Island with the neighbouring island of Great Bri- 

tain”; those who know the approach to Barrow 

from Morecambe Bay will appreciate the hyperbole. 

Where there is so much to approve, it is a pity that 
there should be also a certain amount to deplore ; 
and doubly so when these blemishes might easily 

have been avoided. Apart from such mistakes as a 

reference to the map “ on page 8” when the pans on 

page 13 is intended, and various t 

which the proof-reader has missed—Kirkby is oul 

Kirby throughout, as it is —the author 

affects a colloquial style which is hardly appropriate. 

There is no need for the recurring “ didn’t, - 
“ needn’t,” “wasn’t” or the contraction “ N.B. 

Loco. Co.,” and it is equally pointless to write that, 

“in the following year (1868) the Furness got ‘ cold 

feet,’’’ or, of a shareholder’s meeting, that “‘ the 

motion was washed out,” or that “there were no 
special trips for Millom laid on from Carnforth ” ; 

such lapses are, to say the least, undignified in a 

serious historical work. If, however, he should be 

moved to protest that he was not writing serious 
history, but popular history, we can only say that 








he has “ builded better than he knew.” 





DEVONPORT DOCKYARD, 
1917-22.* 


By Enorvzzr Caprain Epean C. Smrrs, 
0.B.E., R.N. 


(Continued from page 507.) 


Many criticisms have been hurled at the Dock- 
yards and their ways, and a writer in ENGDYEERING, 
in 1887, described them as “the last stronghold of 
feudalism in Britain, in which rank or caste and not 
fitness rule.” Thirty years later, in 1917, another 
contributor to this journal, the proposal 
to build merchant ships in the yards, referred to what 
he called the unanswerable economic condition 
that the servants of the State can never work with 
the same desire for advancement as will employers 
themselves and those working for them. He 
added that “all experience goes to prove that the 
servants of the State are concerned with the main- 
tenance of tradition.” It would be strange indeed 
if tradition counted for nothing in national estab- 
lishments hundreds of years old, but it is often over- 
looked that the Dockyards are an integral part 
of the Naval Service and that their activities 
fluctuate, not with the state of markets, but with 
changing political views and Parliamentary votes 
of credit. As for traditions, there are traditions in 
many of the homes from which dockyard apprentices 
come, and traditions in the schools of all the Dock- 
yard towns; for it is well known that many men 
who have risen to the highest posts in the shipbuild- 
ing world came from those homes and schools. 
Any idea that the staffs in the Dockyards are in any 
way inferior to those in big commercial concerns, 
or that the officers and men are less keen im the 
performance of their duties, is an entirely false one. 
If any private shipbuilding and engineering firm 
has finer foremen and inspectors than those I have 
had the pleasure of working with, then they are 
more than fortunate. It is not suggested that every 
officer and man in @ Royal Dockyard can be ¢alled a 
progressive, for it would, be easy enough to give 
instances of conservatism in methods and practice ; 
but there is little in that—we are all conservative in 


*|one way oranother. The gist of the matter was well 


stated by the distinguished surgeon, Wilfrid Trotter, 
in his Hunterian Oration in 1932. “The mind,” he 
said, “‘ delights in a static environment and, if there 
is to be any change, to be itself the source of it.” 
Discussing our natural conservatism, he added : 
“Tt is also an old story that the reception of new 
ideas tends always to be grudging or hostile. The 
text is a favourite one and is apt to become the 
theme of exhortations which, in addition to having 
the dreariness of their kind, are pointless because 
they constitute a frontal attack on an ingrained 
quality of the mind.” 

In 1917, when I joined Devonport Yard, there 
were about 60 to 70 officers under the Admiral 
Superintendent, of whom some 20 were in the 
Constructive, Engineering and Electrical Depart- 
ments. W. T. Hockaday was Manager, Construc- 
tive Department, Z. H. Kingdon was the Electrical 
Engineer, and the Manager, Engineering Department 
was W. H. James, then an Engineer Captain on 
the Retired List. He had held the post sinoe 1911. 
Though his name does not appear in the Navy List 
in the “ List ee Officers who have 
through the Special Course of at the 
Naval College at Greenwich, Spy-| the Ball of 
Honour of the Dockyard School at Devonport, 
together with those of other able men. I was not 
a stranger to him, for we had faced each other across 
the tennis nets in Happy Valley, Bermuda, where 
he was Chief of the Yard and I ‘was 
cadets. It would be a mistake to say that he was 
as popular as old John Trickett, but he was a firm 
principal. In his office was a box of shavings, in 
which reclined a bulldog which accompanied him 
in his ions around the shops and docks. 
In build, gait and character, they had much in 
common. His skill in e was greater than 
his skill at tennis, but in both games he treated 
poachers and defaulters alike. With the hesitant 
he had little patience, and our weekly “ readings,” 


* The previous article in this series appeared on page 
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when the assistants and foremen, about a dozen in 
all, met in his office to progress, were not 
invariably festive occasions; but the bulldog slept 
through them all. In between the retirement of 
Trickett and the appointment of James, there had 
been seven heads of the ineering Department : 
G. H. Beaton (1879-85), David Robb (1885-90), 
R. H. Trubshaw (1890-92), who all rose to the rank 
of of Machinery ; Robert Mayston (1892- 
1902), R. H. Andrews (1902-07), who was the 
last civilian engi at Devonport, W. L. Wishart 
(1907-09), and W. J. Anstey (1909-11), who went 
from Devonport to the Admiralty to succeed May- 
ston as Assistant Engineer-in-Chief. On James’s 
retirement, in 1920, he was — by Engineer 
Captain (now Engineer Rear-Admiral) A. R. Grant, 
under whom I served till I also retired. 

Of my work as gun-mounting officer—or gunnery 
engineer Officer, as the title is to-day—I retain no 
very definite pictures. There were no outstanding 
or remarkable incidents. It was just the daily 
round of common tasks. Ships came and went, 
and through the office flowed pink and white defects 
lists, Admiralty Letters, lists of alterations and addi- 
tions, reports, telegrams, etc. If properly looked 
after, gun mountings and torpedo tubes seldom 
gave serious trouble. They were less complicated 
than they are to-day, well designed and thoroughly 
tested, and were’in actual use for a very small frac- 
tion of their time. Dirt and salt water were their 
enemies and of salt water some of them got more 
than their share. The lifting and examination of 
mountings had to be done while vessels were in dock 
or the basin, and cranes were available. At first, 
the gun-mounting section had to go cap in hand 
to beg the use of cranes, but one day we found a 
fine 10-ton travelling crane which, like the dog, had 
been given a bad name: it was unhandy, it ran 
off the rails, it caused trouble with the track. 
It was easily borrowed from its owners and, with the 
boiler. re-tested so that we should not blow up 
an , it was put into commission. Care was taken 
that it didn’t run off the rails, and the civil engineers 
were importuned to strengthen the tracks where 
required. The crane soon lost its bad name and 
often proved our salvation. 

Besides destroyers, patrol vessels and the like, 
Devonport saw many torpedoed vessels, and the 
outbreak of unrestricted submarine warfare in 
January, 1917, gave us plenty of work in arming 
merchant ships and fitting out the famous “Q” 
or “Mystery” ships. The entry of the United 
States into the war brought some of the United 
States Coast Guard cruisers into our hands. Two 
of them were the Manning and Seneca, commanded 
respectively by Captains Henderson and Gamble, 
both men of fine character who became great friends 
with my family. One of the peace-time jobs of the 
United States Coast Guard is the patrol of the 
Atlantic in search of icebergs. The photograph, 
reproduced in Fig. 4, on page 533, shows the Seneca 
with an iceberg such as caused the disaster to the 
Titanic in 1912. 

By 1917, many firms were making 12-pounder 
and 4-in. naval gun mountings. These were sent 
to the Dockyards, where they were fitted with per- 
cussion firing gear and prepared for dispatch to 
ports all over the country for merchant ships. All 
through the year, this section of our work continued 
to increase and when, in the spring of 1918, owing 
to the German push in France, makers of gun 
mountings were urged to increase their output, 
mountings arrived in the yard faster than our 
small section could deal with them. We had a fine 
gun-mounting store, with spare parts for anything 
from 3-pounder to 15-in. mountings, but this was 
full to the doors, so the Naval Store Officer secured 
large stores at Laira, on the east side of Plymouth. 
From a note I have preserved, I see that between 
November, 1917, and November, 1918, we received 
2,819 mountings, issued 2,038, and had in store 
1,375, of which 850 were awaiting final examination. 
No doubt, the majority of them have seen service 
in 1939-45. For transporting 12-pounder mountings 
in the store, we had introduced the platform and 
lifting-truck system and intended to try it out for 
the heavier 4-in. mountings. It was in connec- 


tion with this that, on November 11, 1918, I visited 


railway station that I heard the syrens and ships’ 
whistles announce the end of hostilities. 

As compared with 1917-18, the years 1919-21 
had not the same atmosphere of urgency and 
expectation, but peace brought its own problems. 
The gun mountings we had sent out came home to 
roost and all had to be put into a state of preser- 
vation. Then came the reduction of the Fleet and 
the disarming of scores of destroyers and other 
vessels. During the war, moreover, there had been 
continuous development and many new problems 
had to be tackled. Instead of armed merchant 
ships and escort vessels, we began to see more of 
bati ips and cruisers. It was in one of the 
battleships that, under direction from the Admiralty, 
we carried out some of the early experiments on 
fire control, the movements of the turret being 
regulated by a gyroscope. Much of the work was 
of a confidential nature. With a view to future 
requirements, in July, 1920, Engineer-Lieut. (now 
Engineer-Capt.) Stanley Hocken joined the staff 
and so began at Devonport his long association with 
gun mountings which has taken him to Hong Kong, 
Malta and Singapore. From the last he escaped by 
the skin of his teeth and with an injured foot, but 
that has not prevented him carrying on and earning 
the award by the United States authorities of the 
Legion of Merit. During his two years in Devon- 
port, he was engaged in the preparation of the 
Chilean battleship Almirante Latorre (ex H.M.S. 
Canada) and four destroyers, for return to their 
original owners ; the experimental work on director 
firing gear, the fitting of 30-ft. rangefinders, the 
introduction of new methods of loading 6-in. and 
7-5-in. guns, and the first employment of stainless 
steel for rollers and roller paths, a work which 
brought him into contact with the eminent metal- 
lurgist, the late Dr. W. H. Hatfield, F.R.S. The 
Marlborough was the first ship to have these stain- 
less-steel rollers and their manufacture gave the 
Devonport shops some nice problems in _heat- 
treatment. Before Hocken joined us, our foreman 
was A. Stephens, a fine representative of his class, 
but too near the age of retirement for war-time. 
We were well served, however, by his successor, 
‘“‘ Jimmy ” Craig, a hustler if ever there was one. 
Others who did excellent work for the Section were 
Acting Inspector Saunders and Chargemen Oldfield 
and Popham, while in the drawing office we were 
admirably assisted by A. E. Saunders for 
tube work, and for gun mountings by A. Collings, 
who has since risen to be Technical Assistant in 
charge of the drawing office of the Engineering 


Department. 
(To be continued.) 





BROACHING MACHINES, TOOLS 
AND PRACTICE.* 


By E. Percy Epwasrps, M.I.P.E. 
(Concluded from page 486.) 


One of the features of modern broaching machines is 
the increasing use of fabricated construction in place of 
castings. This gives cleaner lines, at the same time 
allowing of variation in design and in length of stroke 
without the necessity to maintain a multiplicity of 
expensive patterns. This feature is particularly evident 
in the design of surface-broaching machines. 

The use, on a surface-broaching machine, of a fixed 
worktable requires the removal of the component from 
the fixture before the return of the broach slide, or, 
alternatively, that mechanism should be built into the, 
fixture for withdrawing the component from contact 
with the broaches during the return stroke. This 
usually means that an automatic cycle cannot be 
provided, with consequent lower production. It is 
suitable, however, where capital cost is a serious 
consideration. A development of this type is a three- 
way machine, capable of use as a push-down or pull- 
down internal or surface-broaching machine of the 
fixed-table type. Shuttle-table machines, while higher 
in capital cost, are more generally used where a high 
rate of production is involved, as not only is time 
saved during the return of the broach slide, but often 
the movement itself can be used to clamp and unclamp 
the workpieces, Various methods of shuttling are used, 
some directly to and from the broach slide, others 





* Paper read at the Wolverhampton, Birmingham and 
Leicester sections of the Institution of Production 
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around trunnions in either the vertical] or horizonta| 
axes, or in transverse relation to the broach slide, 
all such cases, the slide, with fixtures, returns to the 
unloading positiou prior to the return of the broach 
slide, the complete cycle being entirely automatic. 

It is essential, with all types of moving work-tableg 
that, in its forward position, the table is held so that 
the broaching force will not cause it to move away. 
Movements as small as 0-0002 in. to 0-0005 in. an 
sufficient to produce bad results. A satisfactory means 
of overcoming this deflection is to hold the table forward 
against its mo with a pressure greater than that 
exerted by the broach, thus transferring the deflecting 
force from the table stops to the broach slide during 
the cutting portion of the cycle. 

In selecting the type of machine for a particular 
operation, the length of stroke required must first be 
established. This will be governed by the maximum 
stock removal, the rise per tooth, the tooth pitch, and 
the length of the component. To this last dimension 
must be added sufficient to clear the components and 
fixtures. The number of broaches to be used simul. 
taneously in internal broaching, or the choice of single 
or duplex slides in surface broaching, will depend on 
the output required and the number of separate opera. 
tions to be performed ; these having been determined, 
the power capacity of the machine can be established, 
A formula for arriving at the maximum force required 
in units of 100,000 Ib., is Force = N x C x W x K. 
where N = the number of teeth cutting at one time, 
C = the thickness of chip per tooth, W = the width 
of face, and K is a constant. The relationship between 
force and chip thickness for various materials is shown 
in the graph on the opposite page. It will be seen 
that the force required to remove meta] increases as 
the size of chip decreases, and when the chip is less 
than 0-005 in. a considerable increase of force is neces- 
sary. In considering this, however, the otber factors 
must be taken into consideration, so that it does not 
follow that the total power required is more at the 
finishing end of the stroke than in the earlier 
portion of the cycle. The use of calculated force is only 
practicable in the case of hydraulic machines, as there 
are no means of registering satisfactorily the pull of 
mechanically operated machines. It is good practice 
to have reserve power and excess length of stroke, as 
these can always be adjusted to suit conditions, whereas 
overloading can only be dealt with by increasing the 
number of internal broaches used per set, or the cycles 
of the broach slide in surface work. The extra capital 
cost of increased power and length of stroke is usually 
relatively small. 

The types and forms of broaches are infinite, but the 
main classifications are by the method of operation 
(push or pull); the type of operation (internal or 
external) ; the construction (solid, built-up or inserted- 
tooth) ; and the operation itself (hole, spline, serration, 
or combination of these, spiral or rifling, surface broach- 
ing, etc.). Most internal broaches are of pull type, 
particularly where broaching machines are used, the 
component frequently being completed in one pass by 
one broach only. Internal push broaches are useful 
for sizing operations and can be used where only 
pom of comparatively short stroke are available. 

mpared with pull broaches, the stock removal per 
broach is smal!. A good example of the use of push 
broaches is in sizing, correcting or burnishing holes in 
previously heat-treated components, such as gears. 

The essentials of a typical internal broach, other 
than dimensional accuracy, are a straight and suitably 
toothed tool having a pull or end, an entering 
pilot, roughing teeth, semi-finishing teeth, and finish- 
ing teeth—the latter sometimes followed by burnishers. 
In the case of heavy horizontal broaches, a following 
pilot is also necessary as a support for the weight, or 
as a guide, and this usually leaves the su after 
the last finishing tooth has passed through the work- 
piece. A following pilot or guide is also used on many 
vertical internal broaches, particularly where auto- 
matic broach handling is provided. number of 
roughing teeth is determined by the material to be cut 
and the amount of stock to be removed; of inter- 
mediate teeth, by the material and also the finish 
required ; and of finishing teeth, by the length of the 
work-piece, the finish, and the accuracy necessary. 

In tooth design, the front rake or hook angle is 
governed by the hardness and kind of material in the 
work-piece, the angle varying from approximately 
6 deg. in the case of cast-iron or hard steel, to as high 
as 20 deg. for very soft steel; aluminium may require 
10 deg. or more, depending upon any alloy content. 
In the case of hard brass, the front rake may vary 
from 5 deg. through zero to as much as 5 deg. negative. 
Pitch depends upon the length of the component to be 
broached, the nature of the material, and the size of 
chip removed, a good approximation being based on 
the formula: pitch = 0-36 +/length of cut. In con- 
sidering this in relation to components of shallow 
depth and to improve cutting conditions, attention 
should be given to the desirability of stacking the 
components whenever possible. 
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The straight land should be kept as short as possible, 
having due regard to the life of the tooth, conditioned 
by regrinding the front face; it may be more in the 
roughing teeth, but less in the finishers. Generally, it 
should of a length of 0-01 in. to 0-02 in. in the 
roughing teeth, decreasing to as little as 0-005 in, in 
the finishing teeth. Some slight backing-off of } 3 
straight is necessary, again varying 
cougindl and finishing teeth ; for the former it might 
be from 0-5 deg. to 2 deg. and the finishers 0-5 deg. to 
1 deg. If it is left quite parallel, there is always 


ance the straight land, intended to give maxi- 
mum support without imposing any frictional load 
The radius is extremely important and is necessary to 


L 


The depth 
governed by the pitch and chip space required, and 
be sufficient to prevent any crowding of swarf i 
space available. Careful attention be gi 
the proper positioning of the chip-breaker nicks 
that the succeeding teeth overlap the nicks i 
previous teeth. Obviously, there can be no 
the finishing teeth. Insufficient tooth spacing 
the chip, which may cause crowding and 
of the broach teeth. Built-up internal 
are rarely economical for bores less than 2} in. in 
diameter, because of the cost of production of the 
component broach shells and arbors, and the neces- 
sary provision of means of accurately lining them 
up with each other. It becomes even more difficult 
when dealing with serration, or spline, or irregularly 
shaped broaches. : 

Surface broaches or inserts are usually made up in 
short sections, 8 in. to 12 in. long, for three main 
reasons ; firstly, the ease and cheapness of replacement, 
secondly, the increased scope that short sections give 
the designer to work with the greatest efficiency, and 
thirdly, the ease of manufacture and control during 
heat-treatment. The blades are usually held in sub- 
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This has the advantage that 
can be removed quickly from the machine and replaced 
by a duplicate, thus ensuring continuity of production. 
While it is recommended that, under luction con- 
ditions, the entire broach-bar or should be 
changed, it is sometimes necessary to change a single 
broach blade, or, if fitted, a sub-bar. Consideration 
must be given to this when designing broach bars by 
allowing for the removal of any blade without disturbing 
the sub-holder or main holder, or any sub-holder without 
disturbing the broach blades and main holder. 

The t of the broach blades in the broach 
bar has to considered in the early design stage. 
When « broach is in operation, a multiple set of forces 
are at work, depending on the particular operation 
of each broach blade. The blades should be arranged 
in the bars in such a manner as to minimise as far as 
possible any high concentration of forces at any one 


point on the bar, icular care being taken to have 
the smallest possible force acting at the fini section. 
It is often practice, therefore, for the finishing 


broach blades to be entirely separated from the roughing 
broaches by leaving what is known as a de-stressing gap. 
The length of the gap should be at least equal to the 
length of the work, and if the machine is running at high 
speed a slightly greater gap may be advisable. It is 
desirable that the broaching force and the oe 
eutting forces should be kept as steady as possible, 
therefore, if more than one line of broaches are in 
operation together, they should be staggered. 

Careful attention should be paid also to the design 
of broach bars, since they have to transfer the cutting 
force from the machine to the broach blade and also 
to hold the blade rigid to prevent deflection under the 
multiple resultant forces. The maximum mass of 
material should be allowed in the broach holder to 
absorb any small vibration that might be transferred 
from the broach blades. Consideration must also be 
given to avoid the holders becoming too heavy to be 
reasonably handled for broach ing. 

Many methods of fixing broach blades to the holder 
have been used, but no one. method can be recom- 
mended for universal use. Wherever possible, methods 
of attachment requiring tapped holes in the broach 
should be avoided. It is preferable, where more 
metal is available in the broach holder, to have a 
counterbored hole in the broach, the tapping being 
in the holder. Holding the insert by a taper wedge is 
very satisfactory, and also the use of a clamp, but in 
these cases accurate fitting is essential. On some appli- 
cations, where a multiple set of broaches is used, it is 
advisable to provide certain broach blades with adjust- 
ment relative to one another. This allows for broach 
wear and also initial setting; the adjustment is 


| the life of high 


With all cutting tools, certain basic essentials must 
be observed to obtain satisfactory results; in this 
case, the materia] from which the broach is manufac- 
tured, the nature of the materia] to be cut, cutting 
, and coolant supply. Experience has shown 

t the most satisfactory material for broach manu- 
facture is an 18-4-1 tungsten-ch vanadi steel 
with a closely controlled carbon gontent, between 0-65 
and 0-75 per cent., keeping as close to 0-70 per cent. 
as possible. With r heat-treatment, such broaches 
should have a ha’ range of C 63 to C 65 Rockwell. 
‘When only small quantities of components are .re- 
quired, broaches can be made from case-hardening 
mild steel, which will function satisfactorily ; but they 
will require lighter cuts per tooth and will not have 
steel. When cutting steel, a 
finish will be obtained more easily on higher- 
tensile materials than on those which are too , as 
with the latter there will be tendency to tear. The best 
range is between 200 and 285 Brinell. Where tearing 
results, improvement can often be effected by heat- 


ee © hee 1 hard- 
ness. practice, material up to 320 Brinell 
or Rockwell C 35 is within the broaching range ; during 
the recent war, alloy steels having a Brinel] up to 444, 
or Rockwell C 46, have been successfully b: with 
broaches manufactured from the 18-4-1 material 
referred to. The life of broaches is much higher— 
usually not less than wf ow cent. and frequently over 
100 per cent.—on hydraulically-operated machines. 


Cuttin oe Se prac- 
tice should to keep these as high as possible ; but 
usually known factors affect a choice of speed, and most 
mild-steels, cast-irons and brasses can be machined 
up to 25 or 30 ft. per minute. On the other hand, some 
the higher-tensile alloys may require to be machined 
at as low a as 3 ft. to 4 ft. per minute to obtain a 
satisfactory finish and high tool life. Aluminium and 
magnesium should be cut at the highest range of apeed 
possible, due allowance being made for any alloying 
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constituents. The modern 
broaching machine, with its infinite range 


ideally suited for with various classes 
material, as a suitable speed can soon be easily ascer- 
tained. A valuable feature now being incorporated in 
some hydraulic machines is a variable cutting 
cycle, with which the ing portion of the cycle can 
be made at a high and automatically reduced 
hydraulically for the finishing portion of the stroke. 

As in other machining operations, the use of coolants 
in broaching is to keep the tool at a low temperature 
while cutting, and also to act as a lubricant, thereby 
reducing the power necessary for cutting. Chips are 
thus made to pass more easily over the cutting edge, 
so increasing tool life, and at same time minimising 
the freezing or sticking of the chips to the cutting edge 
of the broach—a factor more important, perhaps, in 
broaching than any other method of metal cutting. It 
may be taken as an axiom that the heavier the cut, the 
greater the viscosity of the fluid required ; normally, 
internal broaching requires a more concentrated fluid 
than external broaching. The usual “ straight” oils 
and soluble oils can be used, and sometimes a dilution 
of the former by paraffin may improve results. The 
best cutting oils for broaching are those known as 
“ sulphurised.” In dealing with materials of the stain- 
less class, the addition of carbon tetrachloride will 


tensile st and with brass and aluminium, a 


satisfactory. Cast iron can usually be cut dry, but in 


filtering. 


usually be found advantageous. ‘With steels of a lower 
soluble-base oil, suitably diluted, will be found most 


some circumstances a very light oil, or soluble oil, may 
be used with a mixture of paraffin if high finish is of 
importance. More frequent re-grinding will be neces- 
sary, however, when a cutting fluid is used for cast- 
iron. The volume and direction of the coolant are also 
important factors, as it is essential that the tool be 
completely and heavily flooded as close as possible to 
its points of contact with the work-piece. It is of course 
important that coolant fluids be kept clean by efficient 


Broaching tools cannot be considered inexpensive 
in themselves, although the cost per work-piece is 


in the heavier and more bulky sizes, and therefore 
special care should be taken to preserve their cutting 
. Often their effective life is reduced more by 
mis-handling than by actual cutting, and proper trays 
for carrying them, and racks for storage in the tool- 
room, stores, or adjacent to the broaching machine, 
should be provided. 

The golden rule in resha ing is to re-grind at an 
early rather than a late stage. It is not economical 
to continue using the broach after the edges have 
dulled, as the life will be greatly reduced because of 
the amount which will have to be removed from the 
front face or cutting edge in order to bring it back 
to a suitable cutting condition, On hydraulically- 
operated machines, the infallible test is the 

gauge fitted to such machines; as soon as load 
shows a definite and sustained increase, the time for 
re-sharpening has arrived, even though the cutting 
edges may appear satisfactory to the eye. Any con- 
stand increase in load of over 20 per cent. should be 
looked upon with suspicion. On mechanically operated 
machines, the cutting edges should be checked from 
time to time with a magnifying glass, 

Some hydraulic machines are now fitted with locks 
Seal bss haem ptenstainel ood the couanesiele Souene 
] ascertai and a riate 

setting made, the contro] can be lau Phe machine, 
when overloaded relatively to this setting, will then 
cease to pull, at once indicating that the broaches need 
re-grinding. This offsets the tendency of some opera- 
tors (particularly when on piece-work) to continue to 
use broaches which should be replaced or ak ge 
For round broaches, a broach-grindi ine is 


almost essential. Many surface b: , however, 
can be dealt with satisfactorily on ordi surface- 
grinding machines, jally if equi with a 


universal magnetic chuck ; and it is often an economy 
to employ simple bolsters or fixtures into which the 
broach — ei gee ee cep oy Lym the 
correct relation of the cutting edges to locati 
faces of the broach. _ 
It is most important that the original radius at-the 
root of the tooth should be maintained as nearly as 
pe it should blend perfectly with the front 
ace 


and the back of the preceding teeth, “ Steps ” 
must be avoided, otherwise chips will be +m gl 
tendency to crowd—a certain me of causing tooth 


breakage. In general, the front face is the only part 
that should be re-ground, and its original angle should 
be maintained. It should be completely cleaned up, 
but excessive re-facing should be avoided as this 
reduces fe senate life of the broach. The number 
of permissible re-grinds will vary from eight to 15. 
The top rake and clearance angle should not be inter- 
fered with unless the broach has to be reduced for 
another size of component, when the width of land, 
its angle and the clearance angle should be reproduced. 
When re-grinding round, splined or similar broaches, 


of | cup or saucer wheels should be used for face grinding, 


as face corrugations, due to wheel wear, are less likely 
to be produced than when using disc wheels. Alter- 
natively, if a disc wheel is used, it must be in a universal 
head so that the periphery does the cutting. 

In surface aay fixture design is equal in 
importance to broach design. To minimise the floor- 
to-floor time, great attention must be given to ease and 
rapidity of handling the components. With hydraulic 
machines, clamping can often be effected by hydraulic- 
ally actuating the moving members of the fixtures. 
The combination of hydro-mechanical operation is to 
be preferred to only a hydraulic circuit for clamping, 
because pressure drop might result in a loose com- 
ponent and damage to the broaches or other equip- 
ment. It is comparatively easy to ensure that final 
clamping is obtained by mechanical means, although 
put into operation by the hydraulic circuit. Hydraulic 
or electrical interlocks are usual to ensure that the cycle 
cannot be started until the components have been 
clamped satisfactorily. Hopper or chute feeds are used 
where a great number of components are produced per 
hour. If variation in the deflective forces during 
broaching cannot be avoided, an attempt should be 
made to minimise them as much as possible, otherwise 
low broach life may result. The ideal condition to be 
aimed at is to introduce forces in the component equal 
to the maximum broaching forces before the broachin 
operation commences, but this principle of shave sane 
clamping is not always practicable. The variation of 
the iy iy laser my acting upon the fixtures is the same 
as in the broach holder, and therefore it is essential 
that the maximum possible mass be built up into the 
fixture to absorb any small vibration. If the greatest 
consistency is to be obtained from a broaching opera- 
tion, the fixture clamping forces must be applied con- 
sistently. Automatic clamping conduces to production 
efficiency, since the only action the operator then has 
to perform is to load and unload the work-piece in the 
fixture, thus reducing fatigue. Where automatic clamp- 
ing or indexing fixtures are used, the operator can often 








usually effected by taper gibs, but lateral direct-reading 
micrometer adjustments are most useful. 


invariably much lower than with any ether form of 
cutting tool. Internal broaches are somewhat unhandy 


load the work-piece during the broaching cycle, the 
broached piece being automatically ejected. 
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MOUNTED PLOUGH FOR TRACTOR 


FARMING. 

For tractor ploughing, the mounted plough is gaining 
steadily in po “Tag this ae. the is 
coupled directly to the tractor and arranged so that 
it can be lifted clear of the ground by a hydraulic power 
unit, thus allowing the tractor and, therefore, the 
plough, to be bac into awkward corners. This 
system, however, is not confined to ploughing, as a 
variety of implements, such as harrows, ridgers, and 
cultivators, can be connected to the tractor in a similar 
manner. A working arrangement has been reached 
recently between Messrs. Ransomes, Sims and Jefferies, 
Limited, Ipswich, and the Ford Motor Company, 
Limited, Dagenham, for the joint production of 
mounted implements designed to operate with the 
Fordson Major hydraulic power lift and link assembly, 
and the first implement to be produced under this new 
atrangement, the mounted plough, was demonstrated 
recently at Dagenham. 

The general appearance of the plough is illustrated 
in Fig. 1 from which it will be seen that it is of the 
three-furrow pattern. The plough is connected to the 
tractor through three links arranged so that there is 
full flexib'lity between the plough and the tractor, 
thereby combining the advantages of both the trailing 
and mounted-type implements. The method of con- 
necting the plough to the tractor is shown clearly in 
he 2, from which it can be seen that the two main drag 
links run from points well below the centre line of the 
rear axle of the tractor to the frame of the plough. 
A third link, however, is carried on « tri ted 
bracket projecting above the main frame of the plough 
and is connected to the tractor at a point slightly above 
the centre line of the tractor rear axle. With this 
arrangement, the two lower links are in tension and the 
upper link in compression, and should the plough share 
strike any obstruction, there is a tendency for the rear 
wheels of the tractor to slip, thus giving a ‘‘cushion- 
ing” effect. 

The plough is raised from the ground by the hydraulic 
power unit previously mentioned. The unit is built 
on to the rear of the tractor and is arranged to rotate a 
transverse shaft, the casing of which can be seen just 
below the driver’s seat in Fig. 2. An arm is splined 
to each end of this shaft, both arms projecting beyond 
the rear-axle casing, and the free end of each arm is 
coupled to the co ing main drag-link by an 
adjustable link. One of the arms and the two adjust- 
able links can be seen in Fig. 2. When the transverse 
shaft is rotated by the hydraulic power unit, the two 
arms are raised, thus raising the drag-links, and, there- 
fore, the complete plough. The plough is guided 
during this operation by the upper link of the three 
connecting the plough to the tractor. 

The h alc , however, does not control the 
depth of ploughing; it is used solely for raising the 
plough, or other implement, clear of the ground. The 
depth of ploughing is controlled by a land wheel incor- 
porated in the plough, the height of this wheel being 
adjustable in relation to the frame of the plough. The 
land wheel is mounted, or trailed, at one end of a rigid 
steel beam, and the other end of the beam is pinned 
to the outer end of a horizontal transverse shaft secured 
to the frame of the plough by trunnion blocks. The 
land wheel, together with its beam and transverse 
shaft, can be seen in Fig. 1, and it will be obvious that, 
if the shaft is rotated, the land wheel will rise or fall, 
according to the direction of rotation of the shaft, thus 
altering the depth of furrow. The transverse shaft is 
rotated by a lever pinned to its inner end, the free end 
of the lever carrying a sleeve nut threaded over a 
serewed rod called the depth-control rod. This rod, 
which is fitted with a handle, can be seen in Figs. 1 
and 2; it is the left-hand rod of the two shown. It 
is located at the top by a bearing which swivels in the 
apex of the triangulated frame carrying the compression 
link of the plough to tractor connection assembly. 

The front furrow width for sideland operation is 
altered by slewing the complete plough about the 
tractor. The two main draglinks are coupled to the 
ends of a shaft extending across the front of the plough 
frame and held in position by two trunnion bearings. 
One end of the shaft, together with the associated drag- 
link, can be seen in Fig. 2, and it will be noted that the 
end of the shaft is cranked. Although not visible in the 
illustration, the other end of the shaft is cranked also ; 
the two cranks, however, are set at 180 deg. to each 
other. It will be realised that, if the cranked shaft is 
rotated, it will swing about the two crankp‘ns and dis- 
place the frame of the plough in relation to the two main 
drag-I'nks, the amount of the displacement being equal 
at each end but in o ite directions, since the two 
cranks are set at 180 deg. One side of the plough will, 
therefore, be pulled towards the tractor wh'le the other 

side will be pushed away from it, and the plough will 
thns be set at a slight angle to the long*tudinal axis of 
the tractor. The cranked shaft ‘s rotated in a manner 
similar to the depth-control shaft; the contro] rod, 
together with the sleeve nut and lever which connects it 
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to the cranked shaft, can be seen in Fig.2. The plough 
is levelled by alter'ng the length of the adjustable links 
which connect the hydraulic lift‘ng unit to the main 
drag links. To enable this to be done during ploughing, 
one of the adjustable links is rotated by a smal! hand- 
operated bevel gearbox, vis'ble in Fig. 2. 

Although designed as a three-furrow plough, it can 
be converted easily into a two-furrow pattern. It is 
equipped with 16-in. diameter disc coulters which 
work in conjunction with skim coulters adjustable 
over the width of the coulter disc. The shares 
are of the semi-d‘gger pattern and are fitted w'th 
replaceable share po nts, wings and cutters; general- 
Ve bodies will be available later. The d'stance 
rom the share tips to the underside of the beams 
is 2 ft., while the minimum clearance when the plough 
is in the fully-raised position is 84 in. Generally, 
the implement is of robust construction and represents 
the latest trends in the design of mounted ploughs. 





ATOMIC PARTICLES AND LIGHT QUANTA: ERRATA.— 
Our attention has been drawn to some errors which 
occurred in the translation of Professor H. Greinacher’s 
article on ‘‘ Atomic Particles and Light Quanta,”’ which 
appeared in our issues of November 15 and 22. The 
name of the collaborator with Curie is, of course, Joliot, 
and not Joly, as printed in the first column on page 480, 
line 17, and also in the third column on page 502, line 27 ; 
also, on line 20 of the second paragraph in the first column 
on page 480, the word Mesonen should be mesotron. 
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DiIsPOsAL OF LIBERTY SHIPs.—According to a B.U.P. 
message from Washington, the Italian Merchant Marine 
Mission has acquired 40 Liberty ships out of the total 
of 50 which the Mission hopes to purchase before the 
end of this year. 





GaP-FILLING ASSEMBLY ADHESIVES.— Bulletin No. 47, 
for November, 1946, issued by Messrs. Aero Research, 
Limited, Duxford, Cambridge, gives an interesting 
account of experiments made to determine the suitability 
of various adhesives for use where the joint faces may be 
separated by a gap over a millimetre in width. A new 
cleavage test, as well as the more conventional shearing 
test, was used. The general conclusion reached was that 
a straight urea-formaldehyde resin adhesive is unsuit- 
able for joints having a considerable gap, but that Aerolite 
300 used with certain hardeners is satisfactory. 





GENERATION OF ELECTRICITY.—The official returns 
rendered to the Electricity Commissioners show that 
3,773 million kWh of electricity were generated by the 
authorised undertakings in Great Britain during October, 
1946, compared with 3,179 million kWh during the 
corresponding month of 1945, an increase of 554 million 
kWh, or 17-4 percent. During the ten months of 1946, 
the total electricity generated was 32,930 million kWh, 
compared with 30,145 million kWh during the corre- 
sponding period of 1945, an increase of 2,785 million kWh, 
or 9-2 per cent. The total quantities sent out were 
3,526 million kWh during October. 1946, and 31,060 
million kWh during the first ten months of the year. 
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THE “MARINER ” INBOARD 
PROPULSION UNIT. 


THE compact 4-h.p. p ion unit for small craft 


illustrated in Figs. 1 2, is the equivalent, for 
inboard installation, of the popular outboard propelling 
unit. It has been developed by Messrs. British Motor 
Boat Manufacturing Company, Limited, Britannia 
House, Ampton-street, London, W.C.1, and is manu- 
factured by the firm at their Banbury works. The design 
is based on a version of the unit which, we understand, 
was used as a standard means of propulsion in the 
airborne lifeboats employed during the recent war. 
Since the overall dimensions are only 14 in. high by 
14 in. wide by 11 in. long, and the tota! weight only 
52 Ib., the unit is very suitable for installation in 
small craft, such as launches and dinghies, in which 
is limited ; in such craft it can be fitted either in 
the stern or underneath the cockpit. The peace-time 
design described below is available in two forms. The 
first of these is the standard pattern shown in the 
illustrations, from which it will be evident that the 
carburettor and controls are on the propeller side of 
the unit, This necessitates the provision of a certain 
amount of s aft of the unit for access which may 
not always available. In the second form. of the 
unit, therefore, the cylinder component is reversed 
so that the unit can be installed close up to the stern, 
and starting and maintenance work can be carried 
out from a point farther forward. The unit is operated 
on petrol on the two-stroke cycle. 
The engine proper has two opposed cylinders driving 
@ vertical crankshaft, which is surmounted by an 
enclosed magneto flywheel, and drives, through bevel 
gearing, a horizontal propeller shaft. Attached to the 
cylinder block is a silencer, above which is the petrol 
tank. The cylinders are 50-5 mm. bore by 41 mm. 
stroke, the piston displacement being 165 c.c. At a 
speed of 3,000 r.p.m., the output is 4 h.p. As can be 
seen in Fig. 2, the c , or rather an extension 
of it, carries a. bevel pinion™b meshing with a bevel 
wheel c on the shaft d to the end of which the propeller- 
shaft coupling is fitted. The gearing, which runs in 
an oil bath, gives a speed reduction to the propeller 
shaft of 2to 1. The cylinders are cast in close-grained 
nickel iron and are bored, ground and honed to very 
fine limits. The pistons are of aluminium alloy to 
= 5! — ——— have two compression 
ngs and case ground gudgeon pins. 
The connecting rods are of phosphor-bronze. "The 
.erankshaft is of Nitralloy steel, and its lower web is 
formed to function as a rotary valve. The crankcase is 
cast in an aluminium-co: alloy, and the main 
bearings are of solid phosphor-bronze with ample 


Fcoupling to the propeller shaft should be used. The 
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oilways. The transmission shafts a and d are of stain- 
less steel and run in oy ow Rae bushes, with a 
ball bearing on the latter Z 

The cylinders are water cooled by discharge from the 
gear-type pump lettered ¢ in Fig. 2, and prominent 
in the bottom right-hand corner of Fig. 1. In this 
view the suction p'pe from outboard is seen at the 
bottom of the pump while, at the top, two pipes lead 
to the cylinder jackets, The water, after i 
through the cylinder jackets, is led by the pipe } to the 
silencer cooling jacket and is di overboard by 
& pipe con to the silencer outlet at the point g. 
The exhaust outlet from the silencer is indicated 
at h. The enclosed flywheel-magneto, seen at i, is 
ag with a rope starter at - py bong has been 

esigned to give an intense spark at low speeds in 
order to ensure easy i MY ag Aged Das 
a capacity of 5} pints ; its connection to the carburet- 
tor is seen on the right in Fig. 1. The carburettor & 
is of the float-feed type and has a choke to facilitate 
starting; adjustable jets have been avoided, since 
these may confuse an inexperienced attendant. The 
reduction-gear casing is furnished externally with a 
flat flange forming a bedplate, which is bolted to the 
engine bearers. As the output shaft is at right angles 
to the crankshaft, the propeller shaft must be horizontal 
if the engine is mounted vertically. If, however, the 
construction of the craft requires an inclined propeller 
shaft, the engine can be inclined to any angle up to 
10 deg. from the vertical; beyond this limit a flexible 


unit is non-reversible, which means the fitting of 
independent reversing gear; the manufacturers, 
however, can supply a 10-in. reversing propeller. 
Complementary equipment comprises a 5-ft. fength of 
3-in. bronze propeller shaft with a yoke and lever 
reversing gear, a 12-in. length of bronze stern tube, a 
bronze stuffing box, and an outboard bearing. 
auxiliary silencer and 5 ft. of copper exhaust pipe 
with all necessary fittings can also be supplied if desired. 





CuemicaL Soctety FakaDAY LECTURE.—Sir Robert 
Robinson, D.Sc., P.R.S., has accepted the invitation of 
the Council of the Chemical Society to deliver the 
Faraday Lecture, during the Society’s centenary cele- 
brations, on Thursday, July 16, in the Central Hall, 
Westminster, London, 8.W.1. The lecture wil] con- 
stitute the principal scientific event of the celebrations. 
The Faraday Lectureship was founded in 1867 to com- 
memorate Michael Faraday’s association with the 
Society, and, in normal times, the lecture is delivered 
every three years. The Lectureship is the highest honour 
which the Chemical Society has in ita power to offer. 





PRODUCTION AND UTILISATION 
OF ELECTRICAL ENERGY. 


Tue discussion at the first informal meeting of the 
1946-47 session of the Institution of Electrical Engineers, 
on Monday, October 28, was opened by the President 
(Mr. V. Z. de Ferranti), who recapitulated the salient 

ints of his inaugural add and, in particular, 

irected attention to the extrapolated curves, which 
were reproduced on page 43], ante, and invited com- 
ment on them. The majority of the contributions to 
the discussion referred to alternative sources of energy 
which, by their development, might diminish the need 
to rely on coal reserves and so tend to invalidate the 
curves, which were drawn on the assumption that coal 
would continue to be the source of the nation’s electrical 
energy. One member hoped that wind power might 
make a substantial contribution towards the national 
energy economy. Water power developments, especi- 
ally in the Scottish Highlands, were also the subject of 
comment, and the President was asked if, in preparing 
the curves, allowance had been made for the growing 
contribution of hydro-electric power. The possibilities 
of using tidal and solar energy received brief mention, 
and attention was also directed to the gas turbine 
and atomic energy. 

Returning to the question of the efficient utilisation 
of coal resources, reference was made to the favourable 
consideration now heing given to district heating. 
It was suggested that, although this would not further 
the all-electric idea, it would result in the more efficient 
utilisation of the nation’s coal resources. Attention 
was also drawn to the potential ey requiremefts of 
the agricultural industry. Unlooked for developments 
of this kind, it was suggested, might set up the all- 
electric target in the coming years. 

In his reply, Mr. de Ferranti pointed out that most of 





An| the speakers had dwelt on the possibility of saving 


coal by utilising other sources of energy, whereas he 
had sought to lay emphasis on the necessity of obtaining 
the maximum ible amount of electrical energy from 
the coal supplies. It was the primary task of the 
profession to ensure that electrical energy, economica! 
in cost and adequate in quantity, should be available to 
the community, and that no arbitrary curb, based on 
present-day practice or economics, should be placed on 
its utilisation. 





INSTITUTION OF HosPiITaL ENGINEERS.—Mr.. R. E. 
Rogers, 17, Park-road, Whitchurch, Cardiff, honorary 
secretary of the Institution of Hospital Engineers, has 
asked us to announce that, after December 31, all hospital 
engineers seeking admission must have pagsed.the Insti- 
tution’s examination or possess exempting qualifications. 
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InsTtTUTE OF Marine ENGUnzERs. 

Member.—Henry Wilfrid Botting, Liverpool ; Albert 
Edward Commins, Glasgow ; Alexander Cocker Cruick- 
shank, Johannesburg; Norman Harold Denholm, 
Tulse Hill; Frederick William John Gaile, Ruislip; 
Albert Cecil Gooder, Harrogate ; Herbert Joseph Hall 
Hornsea, E. Yorks. ; William Lonsdale Hughes, Ilford ; 
Gordon Frederick Mytton, Southport ; Lt.-Cmdr. (E.) 
Arthur H ng ae Radley, Laws R.N.R., i“ 
ampton ; Jo! oseph Ridley, Lagos, Nigeria; Jo 
Biddlestone Snowdon, Elsecar. near ful: Rudolf 
Johan Van Dam, Algiers. 

Associate to Member.—Thomas Morton, Singapore ; 
Stanley Rowland, Colchester ; Herbert George Thorip- 
son, Rutherglen ; David George Webster, Maidenhead. 

Associate Member.—Thomas Allan Rush, West 
Hartlepool. 


Associate to Associate Member.—Roy Arthur North- 
cot. Cooke, New York ; Santhanam Kasthuri, Bombay. 
Rng! to — a Gray, 

; Tem ieut. (E) Warwick H Gregory, 
DSC, B.A., RN. Sydney ; enbabethas Swamin- 
atha » Bombay. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ CyRENA.”’—Single-screw cargo vessel built by 
Messrs. Smiths’ Dock Company, Limited, South Bank- 
on-Tees, to the order of Messrs. Anglo-Saxon Petroleum 
Company, Limited, London, E.C.3. Main dimensions : 
360 ft. by 49 ft. 6 in. by 28 ft. 9in. to upper deck ; dead- 
weight capacity 5,900 tons on a draught of 23 ft. 4 in. 
Four-cycle single-acting Harland and Wolff-B. and W. 
six-cylinder engine. Launch, November 10. 

M.S. “‘ CRosBIAN.”—Twin-screw cargo vessel built by 
Messrs. William Gray -and Company, Limited, West 
Hartlepool, for Messrs. Ellerman Lines, Limited, London. 
Main dimensions: 255 ft. by 42 ft. by 25 ft. to shelter 
deck; deadweight carrying capacity, 1,800 tons on a 
mean draught of 17 ft. Two 960-brake horse-power Polar 
Diesel engines supplied by Messrs. Atlas Diesel Company, 
Limited, and fitted by the Central Marine Engine Works 
of Messrs. William Gray and Company. Launch, Novem- 
ber 11. 

M.S. “ Port NaPIER.”—Twin-screw refrigerated and 
general cargo vessel built by Messrs. Swan, Hunter and 
Wigham Richardson, Limited, Wallsend-on-Tyne, for 
Messrs. Port Line, Limited, London. Main dimensions : 
525 ft. by 70 ft. by 43 ft.; deadweight capacity, 11,500 
tons on a draught of 29ft.3in. Two Wallsend-Doxford 
opposed-piston two-cycle six-cylinder engines supplied by 
Messrs. The Wallsend Slipway and Engineering Company, 
Limited. Launch, November 12. 


M.S. “ BririsH _EARL.”—Single-screw tanker built by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
Neptune Works, Walker-on-Tyne, for Messrs. British 
Tanker Company, Limited, London. Overall length: 
490 ft.; deadweight carrying capacity, 12,250 tons on a 
mean draught of 27 ft. 7 in. Swan, Hunter-Doxford 
opposed-piston four-cylinder engine, supplied by the 
builders. Speed of over 12 knots obtained on recent 
trial trip. 

M.S. “‘ MorBInAN.”—Single-screw general cargo vessel, 
built and engined by Messrs. Harland and Wolff, Limited, 
Govan Shipyard, Glasgow, to the order of the French 
Gover it, and allocated to Compagnie Dolmas Viel- 
jeux. Main dimensions: 395 ft. by 55 ft. by 33 ft. 6 in. 
to shelter deck ; gross tonnage, about 4,450; draught, 
loaded, 22 ft. 3 in. Harland-B. and W. two-stroke 
single-acting ten-cylinder Diesel engine. Launch, 
November 21. 

8.8. “ TABARISTAN.”—Single-screw cargo vessel, 
built and engined by Messrs. John Readhead and Sons, 
Limited, West Docks, South Shields, for Messrs. Frank C. 
Strick and Company, Limited, London. Deadweight 
carrying capacity, about 10,000 tons on a light draught. 
Triple-expansion engine with Bauer-Wach turbine; 
poppet valves fitted to high-pressure cylinder. Launch, 
November 21. 

8.8. ‘‘ CAPITAINE JEAN FOUGERE.’’—Single-screw collier, 
built and engined by Messrs. Smith’s Dock Company, 
Limited, South Bank-on-Tees, to the order of the French 
Government, for the managers, Messrs. Union Industrielle 
et Maritime. Main dimensions : 359 ft. 8 in. by 48 ft. 3 in. 
by 25 ft. 3 in. Deadweight carrying capacity: 5,040 
metric tons on a mean draught of about 20 ft. Triple- 
expansion engine combined with a Gétaverken turbo- 
compressor unit. Launch, November 23. 

S.S. “ ELLIDI.”—Single-screw steam trawler, built by 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby, Yorkshire, to the order of the Government 
of Iceland, for the village of Siglufjordarkaupstadur. 
Main dimensions: 175 ft. by 30 ft. by 16 ft. Triple- 





expansion engine supplied by Messrs. Amos and Smith, 
Limited, Hull. Launch, November 25. 





Tue following specification of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Vietoria-street, London, 
S.W.1, at the price quoted at the end of the paragraph. 

Aerodrome Lighting.—A guide to. aerodrome fighting 
was issued by the Institution in 1932, and was fo! 
in 1934 by a British Standard Specification. The latter 
was revised in 1937, but both guide and specification 
have been rendered Lay obsolete by subsequent 
developments in aircraft ing technique, the use of 
runways or landing strips on aerodromes, and changes 
in the principles of air-traffic control. It has not yet 
been possible to prepare a new specification to super- 
sede B.S. No. 563-1937, but a revision of the guide 
has now been published as B.S. No. 1332-1946. It is 
issued with the approval of the Ministry of Civil 
Aviation and contains a description of the probable 
future requirements of aerodrome lighting equipment 
to provide adequate assistance to the pilot of an aircraft 
in all conditions in which it is anticipated that opera- 
tions can be carried out by day or night. The recom- 
mendations embodied in the guide are based on present 
knowledge and opinions, and may be subject to revision 
in the light of future international ent. The 
air t world is essentially international, and, 
therefore, standardisation of ground lighting and other 
facilities is desirable. It is Gaeed to achieve this, as 
far as aviation requirements are concerned, throug 
the Provisional International Civil Aviation. Organisa- 
tion, and, as far as equipment is concerned, through the 
Aviation Lighting Committee of the British Standards 
Institution. This committee also acts as a sub-com- 
mittee of the National Illumination Committee of 
Great Britain, which is the British Committee of the 
International Commission on [Ilumination. The 
advent of radar and greatly improved blind-approach 
radio aids, to a certain extent, have made seniiite the 
operation of aircraft in any weather, but it is still 
essential that ground lighting should be provided, and, 
even if completely automatic blind , ot ae were 
feasible, the provision of visual checks would be 
desirable. The guide is limited to such visual aids; 
it gives a general explanation of the lights the pilot 
of an aircraft will see, so that the functions of ground 
lighting and the changes which have taken place since 
the last issue of B.S. No. 563 may be appreciated. 
[Price 2s., postage included.] 





BOOKS RECEIVED. 


Electricity Commission. Electricity Supply, 1938-39 to 
1942-43. Return of Engineering and Financial Statis- 
tics Relating to Authorised Undertakings in Great Britain 

Sor the Five Years 1938-39 to 1942-43. H.M. Stationery 

Office, Kingsway, London, W.C.2. [Price 40s. net.] 

The Transport Situation in Europe. No. 11. August, 

1946. Compiled by the EUROPEAN CENTRAL INLAND 

TRANSPORT ORGANISATION. Offices of the Organisa- 

tion, 79, Avenue des Champs Elysées, Paris (8e), and 

40, Grosvenor-square, London, W.1. [Price 5s. net.] 

Cutting Tools for Engineers. By A. H. Sanpy. Crosby 

Lockwood and Son, Limited, 20, Tudor-street, London, 

E.C.4. [Price 5s. net.] 

State of ~Victoria; Commonwealth of Australia. State 

Rivers and Water Supply Commission. River Gaugings. 

Compilation of Results from 1st January, 1937, to 31st 

December, 1942. The Secretary, State Rivers and 

Water Supply Commission, 100-110, Exhibition-street, 

Melbourne, 0.1, Australia. 

Reference Data for Radio Engineers. By W.L. MCPHER- 

son. Standard Telephones and Cables, Limited, Oon- 

naught House, 63, Aldwych, London, W.C.2. [Price 
5s. net.) 

The Institute of British Foundrymen. Atlas of Defects 
in Castings. Series I. The Secretary, Offices of th> 
Institute, St. John Street Chambers, Deansgate, Man- 
chester 3. [Free to members and associate members 
of the Institute. Price 5s. to associates and 10s. 6d. to 
non-members.) 

United States Bureau of Mines. Miners’ Circular No. 50. 
Coal-Mine Accident-Prevention Course—Section 4. 
Explosions and Fires in Bituminous-Coal Mines. 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington 25, D.C., U.S.A. [Price 25 
cents.) 

Ministry of Transport. Railway Accidents. Report on 
the Accident which Occurred on the 25th July, 1946, at 
Balmuckety Level Crossing on the London, Midland 
and Scottish Railway. [Price 4d. net.] Report on the 
Collision which @ccurred on the 27th July, 1946, at 
Edgware on the Northern Line of the London Passenger 
Transport Board. [Price 4d. net.] H.M. Stationery 
Office, Kingsway, London, W:0.2 

The Principles of Technical Electricity. By M. NELKON. 

Blackie and Son, Limited, 66, Chandos-place, Strand, 





‘London, W.C.2. [Price 17s. 6d, net.) 


' Dr. H. W. H. WARREN has been appointed deputy 
managing director of Associated Electrical Industries, 
Limited, while retaining his position of managing director 
of the British Thomson-Houston Company, Limited, 
Mr. E. H. Bax has been made deputy managing director 
of the British Thomson-Houston Company. 

Vicr-Apmirat C. B. Barry, O.B., D.S.O., has been 
appointed Director of Dockyards, as from December 20, 
in succession to VicE-ApMIRAL Sim CEcIL P. TaLnor 
&.B.E., C.B., D.8.0. 

Mr. I. R. Cox, D.S.O., has been appointed chairman of 
the Edison Swan Electric Company, Limited, and Edison 
Swan Cables, Limited, in addition to his position of 
managing director of Metropolitan-Vickers Electrica) 
Company, Limited. 

PROFESSOR PIERRE CHEVENARD has been elected to 
the French Academy of Sciences. 

Mr. H. West, M.I.E.E., A.M.I.Mech.E., chief engineor 
of the motor and welding departments of the Metropoli- 
tan-Vickers Electrical Company, Limited, Trafford Park. 
Manchester, 17, since’ 1940, has now been appointed 
assistant to the chief electrical engineer of the company. 
He will, however, retain his position as chief engineer of 
the welding department. Mr. A. G. WILLIAMSON, 
M.I.E.E., has been appointed to succeed Mr. West as 
chief engineer of the motor department. 

Mr. Joun D. Grirrira Davies has resigned his posi- 
tion as assistant secretary of the Royal Society, held by 
him since September, 1937. The Council, however, have 
appointed him a member of the library committee and, 
subject to the concurrence of that committee, he will be 
chairman of a sub-committee charged with the duty of 
preparing for the celebration of the tercentenary of the 
Society. 

Sm WALTER BENTON JonzEs, Bt., has been elected 
President of the British Tar Confederation, Artillery 
House, Artillery-row, London, 8.W.1, for the year 1947. 
Mr. ©. E. Carey has been elected h y tr er, 
and Dr. E. V. Evans, O.B.E., F.R.1.C., M.Inst.Gas E.. 
chairman of the Executive Board. 

Lt.-Cot. SmkR HENRY STEPHENSON, Bt., D.S.O., V.D., 
has been re-elected Pro-Chancellor of the University of 
Sheffield. Dr. EDWARD BRAMLEY, formerly the trea- 
surer, has also been elected Pro-Chancellor, in place of 
Smr SAMUEL OsBorN, who has retired. Lt.-Col. H. F. B. 
STEPHENSON has been elected treasurer and Dr. S. B. 
BaGLey, Mr. Matcotm Brown, SIR PETER BROWN, 
M.Inst.C.E., M.Inst.M.M., Mr. T. GODDARD MANDER, 
Mr. W. H. OLIvieR and Sm SaMUEL OSBORN have been 
elected to the University Council. Sm WALTER BENTON 
Jones, Bt. and Mr. H. J. Starnes have been co-opted 
to the Council. 

Mr. W. W. ParisH has retired from the chairmanship 
of the Vulcan Foundry, Limited, but will remain on the 
board. Mr. F. S. WHALLEY, M.C., managing director, 
has been appointed chairman. 


Mr. H. V. VALE has been made a director of Powell 
Duffryn Associated Collieries, Limited. 

Mr. J. R. Perry, who has been general manager for 
Messrs. J. H. Fenner and Company, Limited, in Calcutta 
for some years, has been elected to the board of the firm’s 
subsidiary company, Messrs. J. H. Fenner and Company 
(India) Limited. 


Mr. R. A. PEARSE, M.A. (Cantab.), A.M.Inst.C.E., 
A.M.I.Mech.E., has taken up an appointment as tech- 
nical engineerin the Department of the Deputy Controller 
of Production (Atomic Energy), at Risley, near War- 
rington, Lancashire. 


Mr. L. H. MarpMAN, secretary of Specialloid Limited, 
Chester-road, Boreham Wood, Elstree, Herts., has been 
appointed to the board of the company. He is also a 
director of Specialloid (Canada) Limited. 


Masor J. A. Ross, B.Sc,, has been appointed to the 
Colonial Service as an assistant engineer in the Public 
Works Department, Zanzibar. MaJor O. J. E. GETLING, 
B.Se., A.M.Inst.C.E., has also been appointed an assistant 
engineer in Zanzibar, and Mr. E. W. BECHERVAISE, 
A.M.L.E.E., has been made an electrical engineer in the 
Public. Works Department, Nyasaland. 


Mr. G. G. Miris, B.A.Sc., has been appointed Trade 
and Industrial Commissioner for Ontario in London, in 
succession to COLONEL F. J. LYLE, who has returned to 
Toronto in the capacity of Director of the Trade and 
Industry Branch, Department of Planning and Develop- 
ment, Government of Ontario. 


Messrs. SLIP Propucts CoMPANY, LIMITED, manu- 
facturers of lubricants, greases, special oils and allied 
products, Ling House, Dominion-street, London, E.C.2, 
have opened a West End office at 22, Gilbert-street, 
Oxford-street, W.1. (Telephone: MAYfair 0368.) 

Messrs. THE HOFFMANN MANUFACTURING COMPANY, 
LimITrED, Chelmsford, Essex, have opened a new branch 
office at 59, Queen-square, Bristol, 1. (Telephone : 











Bristol 20561.) 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Supplies are extremely difficult to 
obtain. The position of users has not become appreciably 
worse during the week, and makers are still endeavouring 
to prevent any further slowing-down in deliveries. The 
repairs to furnaces are still excessive, as makers have not 
yet overcome the effects-of the strike of bricklayers, and | 
consequently output is only some 34,000 tons a week, 
instead of the full normal tonnage of 38,000 to 39,000 
tons. Plates and sections are in strong demand for the 
shipyards and marine engineers. Light sections are not 
quite so difficult to obtain as the heavier sections, but 
poth can be procured only with considerable delay. 
The supply of semies remains restricted, but re-rollers 
polling discard material are able to keep their export 
business moving relatively well. Structural steel is in 
strong demand also. Sheets still present a difficult 
problem, the work on hand being equivalent to between 
six and nine months’ production. Motor and housing 
sheets form the bulk of the orders, but a heavy tonnage 
is also required for power-plant production. Suitable 
transport for steel by rail is still rather difficult to obtain. 
Fuel supplies are, however, fairly satisfactory at the 
moment. Scrap is short, but makers are hoping that 
foreign scrap may become available shortly to relieve 
the stringency. The shortage of labour is still hindering 
the cutting-up and segregation of scrap. 

Scottish Coal.—-A tightening up in supplies occurred 
last week. Absenteeism was more rife and output was 
lost. The programme, consequently, could not be main- 
tained as effectively as the Control had planned. The 
immediate effect was not very noticeable, but the effect 
on stocks must be reckoned with in existing circum- 
stances. The main problem of the Control is to find the 
necessary extra coal for priority consumers who work 
through the holidays without interruption. Industry, 
in general, is already feeling the shortage, and, during 
December, quotas are likely to be Only partly fulfilled. 
The collieries have been asked to. make special pre- 
holiday provision for the railways. The New Year 
holidays slightly reduce the general demand, but not 
sufficiently to compensate for the output that will be lost. 
Scotland is still producing coal relatively steadily on the’ 
whole, but the margin is very slight. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Welsh Coal Trade.—The strike of American coal 
miners has resulted in a large increase in the demand for 
Welsh bunker coals. In order to conserve as much coal 
as possible for the inland trade, ships leaving South 
Wales ports have been allowed only sufficient bunkers 
to take them to their destinations or to the nearest 
coaling station. As shipments of coal from the United 
States ports have now been stopped, ships bound to these 
ports will have to take sufficient coal to carry them back 
or to the nearest bunkering depot. In addition, the 
demand from these depots is expected to rise as a result 
of the cutting off of American fuels. Export allocations 
for D b d during the past week, show 
that shipments as cargo, to ordinary customers, from 
South Wales during the month will be restricted to 5,000 
tons of coke breeze. Switzerland will receive 3,000 tons 
and the remainder will go to Denmark. This allocation 
may be compared with 7,000 tons during November and 
a monthly average of 1,300,000 tons in the immediate 
pre-war years. The only other coal that will be sent 
abroad during the month will be about 12,000 tons of 
anthracite for delivery to Canada, and some limited 
quantities of the very poorest sorts which will be made 
available for users in Eire. The home demand continues 
active and producers are having difficulty in keeping 
pace with their contract commitments in this direction. 
As a Yule, collieries have disposed of almost the whole 
of their potential outputs of all kinds until well on in 
January. The home demand for cokes and patent fuel 
is active but operators find it difficult to arrange for early 
deliveries. 


Swansea Steel-Sheet Industry.—The market report 
prepared and issued by the Incorporated Swansea 
Exchange states that business in tin-plate has a firm 
tone as the demand is in excess of the increased pro- 
duction. Makers have full order books for the remainder 
of the year and home consumers are endeavouring to 
place their requirements for the first quarter of next 
year. The export market is quiet, as makers have very 
limited quantities to sell. The steel-sheet rolling mills 
are very fully employed and as makers are heavily com- 
mitted, only orders of high priority can be placed. Iron 
and steel scrap is in steady demand, although users show 
a decided preference for the heavier and better qualities. 








INSTITUTION OF NAVAL ARCHITECTS.—The next 
annual general meeting of the Institution of Naval 
Architects will open on Wednesday, March 26, 1947. 


.| shire, are holding an exhibition of their products and 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—There is a more serious shortage of 
steel slabs and billets than steel users have experienced 
hitherto, and no relief has been afforded in the shortage 
of high-carbon steel sheets and bars. Increased produc- 
tion locally is needed, but skilled labour and fuel are in 
short supply, and the fuel position grows steadily worse. 
Further cuts in the supply of gas to steelmakers have 
become necessary owing’ to cuts in coke-oven gas, s0 
that some firms have had to reduce production in depart- 
ments dependent upon gas ; at some works, departments 
have had to suspend operations for two days’ in a week. 
Order books are well filled in practically all works, but 
there is room for improvement in what were formerly 
purely armament sections. At present, there are no 
signs of a resumption in the imports of steel from the 
United States, which helped to save the situation during 
the war years. 

South Yorkshire Coal Trade.—Collieries have been 
hampered by bad weather, which has interfered with 
the transport of miners to the pits and delayed the return 
of empties to the Railway delays have been a 
contributory factor reducing deliveries; repairs to 
Woodhead tunnel and a fall of rock there have checked 
the movement of coal westward to such an extent that 
ships at Liverpool needing bunkers from the Midlands 
have had to proceed to South Wales ports for coal. 
Coking-coal supplies are still very short, and there is a 
heavy demand for gas coal. Owing to floods, outcrop 
sites have not been able to make their usual contribution 
to supplies. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—All descriptions of iron and steel 
are extensively sold and the inquiries circulating are 
numerous and heavy, but producers of most commodities 
are unable to entertain offers of new business until 
conditions enable them to deal more satisfactorily with 
their delivery obligations under running contracts. 
Demands for larger supplies of nearly all descriptions of 
material are increasing. Insufficient fuel deliveries, 
shortage of skilled labour, and lack of transport facilities 
are the outstanding obstacles to a material increase in 
production. Much disappointment is felt regarding the 
slow increase in output of Cleveland ironstone. Imports 
of high-grade foreign ore, however, are on a satisfactory 
scale. Pig-iron supplies are fully absorbed and large 
quantities of scrap from abroad are being delivered to 
the foundries and steel furnaces. Scarcity of semi- 
finished steel] remains acute and the arrears of deliveries 
of finished products are growing. 

Foundry and Basic Ore.—Makers of light castings 
would welcome larger deliveries of high-phosphorus pig- 
iron. The suspension of the make of Cleveland brands 
makes it necessary for North East OGoast founders to 
draw supplies from plants in other areas, and the bulk 
of the foundry iron now used on Tees-side is coming from 
the Midlands. The outputs of Middlesbrough basic 
blast-furnaces keep abreast of the requirements of the 
adjoining consuming plants. 

Hematite, Low-Phosphorus and Refined Iron.—Makers 
of East-Coast hematite are able to distribute sufficient 
tonnage to cover the actual home requirements, but 
merchants are unable to secure export licences to meet 
the heavy demands from overseas customers. Producers 
of low- and medium-phosphorus grades of iron can just 
keep pace with the users’ increasing requirements. 
Manufacturers of refined iron can easily dispose of their 
products. 

Manufactured Iron and Steel.—Buyers of semi-finished 
and finished iron are receiving parcels that cover most 
requirements, but the heavy and increasing demand for 
all classes of steel is greatly in excess of the production. 
The shortage of semi-finished steel is still acute and as 
there seems to be little likelihood of improvement in 
the quantities of billets, blooms, slabs and sheet bars 
available, a curtailment of operations at the re-rolling 
mills may be unavoidable. Finished-steel firms have 
orders in hand that will keep them actively engaged for 
several. months. Sheet makers cannot accept further 
contracts for supply earlier than the second half of next 
year, and plate producers have a great deal of work in 
hand. Firms turning out light and heavy sections, all 
descriptions of railway requisites, and colliery equipment, ; 
have well-filled order books. 





RUBBER ENGINEERING EXHIBITION.—Messrs. Rubber 
Bonders, Limited, Flexilant Works, Dunstable, Bedford-. 


methods of manufacture at the Chorlton Town Hall, All 
Saints, Manchester, from 10 a.m. until 6 p.m., from Mon- 
day, December 16, to Friday, December 20. Admit- 
tance is by invitation tickets, which may be obtained on 


NOTICES OF MEETINGS. : 


Tr is requested that particulars for insertion in this 


column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF FUEL.—London Section: Monday, 
Engineers, 


December 9, 6 p.m., Institution of Mechanical 
Storey’s-gate, St. James’s Park, 8.W.1. 
of Coal and Tar,” by Major Kenneth Gordon. North- 
Western Section : 
Engineers’ Club, Manchester. Films on “ Steam.” 


“ Hydrogenation 
Wednesday, December 11, 6.30 p.m., 


INSTITUTION OF ELECTRICAL ENGINEERS,—North- 


Eastern Centre : Monday, December 9, 6.15 p.m., Neville 
Hall, 
tem,” by Mr. T. R. P. Harrison. Radio Section: Tues- 
day, December 10, 5.30 p.m., Victori bankm 
W.C.2. Discussion on ‘‘ Receiving Aerials for Television,” 
opened by Mr. E. C. Cork. ‘Scottish Centre: Tuesday, 
December 10, 6.15 p.m., Royal 
gow. 
Fraser. Transmission Section: 
ber 11, 5.30 p.m., Victori bankment, W.C.2. “ Light- 
ning Surges on Transmission Lines in Ireland,” by Mr. 
R. C. Cuffe. 
ber 12, 5.30 p.m., Victoria-embankment, W.C.2. 
tics in the Electrical Industry,”’ by Dr. Ing. G. E. Haefely. 
Measurements Section: Friday, December 13, 5.30 p.m., 
Victoria-embankment, W.C.2. 
scope,”” by Messrs. R. 8. J. Spilebury and A. Felton. 
Recording Magnetometer,” by Mr. A. Butterworth. 


Newcastle-upon-Tyne. “ Gas-Cushion Cable Sys- 





Technical College, Glas- 
“ Degaussing,”’ by Messrs. F. J. Reilly and J. 8. 
Ww 





Installations Section: Thursday, Decem- 
“ Plas- 


“A Millisecond Chrono- 
“A 


INSTITUTE OF BRITISH FOUNDRYMEN.—Sheficld 


Branch: Monday, December 8, 7.30 p.m., Royal Victoria 


Station Hotel, Sheffield. “ German Steel Foundries,” by 
Mr. J. E. Mercer. London Branch: Thursday, Decem- 
ber 12, 7 p.m., 4, Grosvenor-gardens, 8.W.1. Joint Meet- 


December 13, 7.30 p.m,, Cleveland Technical and Scien- 
tific Institute, Middlesbrough. “‘ Gerthan Steel Foun- 
dries,” by Mr. J, E. Mercer. ~: : 
INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 10, 5.30 p.m,, Great George-street, S.W.1. “Choice 
of Expedients in Civil Engineering Construction,” by Mr. 
H. J. B. Harding. South Wales Association: Tuesday, 
December 10, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. “The Well-Point De-Watering 
System,” by Major Attwood. Birmingham Association : 
Thursday, December 12, 6 p.m., James Watt Institute, 
Birmingham. “ Codes of Practice,” by Mr. ©. R. Woods. 
INSTITUTE OF MARINE ENGINEERS.—Tuesday, Decem- 
ber 10, 5.30 p.m., 85, The Minories, E.C.3. “ Marine 
Auxiliaries Driven by A.C. Power,” by Mr. A. Porter. 
ILLUMINATING ENGINEERING SOCIETY.—Tuesday, De 
cember 10, 6 p.m., 2, Savoy*hill, W.C.2. “ Railway 
Lighting,” by Messrs. A. Cunnington and G. W. Golds. 
INSTITUTION OF AUTOMOBILE ENGINEERS.—Coveniry 


Centre: Tuesday, December 10, 7 p.m., Geisha ‘Café, 


Hertford-street; Coventry. “ Powder Metallurgy in Auto- 
mobile Engineering,” by Messrs. J. A. Judd and W. H. 
Tait. Also at the Leeds Centre: Wednesday, Decem- 
ber 11, 7.30 p.m., University, Leeds. Derby Centre : 
Thursday, December 12, 7 p.m., School of Arts, Derby. 
“ Design of Braking Systems,” by Mr. F. A, S. Acres. 

Roya Society or ArtTs.—Wednesday, December 11, 
5 p.m., John Adam-street, W.C.2.. “ Planning Research 
for Industrial Design,” by Mr. John Gloag. 

NEWCOMEN Socrery.—Wednesday, December 11, 
5.30 p.m., Institution of Civil Engineers, Great George- 
street, S.W.1. ‘“‘ World’s Oldest Railway ; 300 Years of 
Coal Conveyance to the Tyne Staiths,”” by Mr. C. E. Lee. 
ROYAL AERONAUTICAL Socrery.—Wednesday, De- 
cember 11, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. “ Photolofting,” by Mr. 8S. P. 
Woodley. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday , 
December 12, 6 p.m., 11, Upper Belgrave-street, 
S.W.1. “ Lateral Reinforcement in Reinforced-Concrete 
Columns,”’ by Mr. J. W. H. King. 

INSTITUTION OF MECHANICAL ENGINEERS.—Lendon 
Graduates’ Section: Thursday, December 12, 6.30 p.m., 
Storey’s-gate, S.W.1. “ Screw Extrusion Machine,” by 
Mr. Z. M. Rogowsky. Institution: Friday, December 13, 
5.30 p.m., Storey’s-gate, 8.W.1. First Agriculture Lec- 
ture: ‘“ Mechanical Engineering and Agriculture,” by 
Mr. 8. J. Wright. 

JUNIOR INSTITUTION OF ENGINEERS.— Sheffield Section : 
Thursday, December 12, 7 p.m., 198, West-street, Shef- 
field. “ Asbestos,” by Mr. C. A. Nichols. Institution : 
Friday, December 13, 6.30 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. Presidential Address on 
*« Inspection,” by Maj.-Gen. A. W. Sproull. 

Norts-East Coast INSTITUTION OF ENGINEERS AND 
SuIPsUILpERS.—Friday, December 13, 6 p.m., Literary 
and Philosophical Society, Newcastle-upon-Tyne. Arm 
drew Laing Lecture: ‘‘ Combustion of Fuels,” by Sir 
Alfred C. Egerton, F.R.S. 








Further particulars will be announced in due course. 





application to the above address. 
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REINFORCEMENT OF BRANCH PIECES. 
(For Description, see page 529.) 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 


the fact that the above is the address of our Regis- 
tered Offices, and that no connection existe between 
this Journal and any other publication bearing a 
similar title. 
; Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMr.ie Ban 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and all other correspondence to the 





Accounts are payable to “ ENGINEERING,” Ltd. 
should be crossed “ The National Provincial 
Limited, Charing Cross Branch.” Post Office 
should be made payable at Bedford Street, 





SUBSCRIPTIONS. 


The price per copy of “ENGINEERING” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. 


lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 


Twelve months, including postage, for the 
United Kingdom and abroad £4 10s, 0d. 
and pro rata for six or three months. 


Canada, for twelve months, £4 5s. 0d. 


All current subscription orders will be com- 
pleted at the old rates. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art , on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well ns for insete, enn bo obtained on appliestion to 
the M: The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisemente will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
tine averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
ff use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counte for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 124 per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 
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THE TRANSPORT 
NATIONALISATION BILL. 
THE long-awaited Transport Bill was introduced 

formally in the House of Commons on Wednesday, 
November 27, and the hundreds of thousands of 
shareholders in British sha yrs canal undertakings, 
and road and haulage companies now 
know their fate with more. or less certainty. It 
may be described, very briefly, as semi-confiscation ; 
they are to be “ compensated ’”’—the term is almost 
derisory in the light of the details given by the 
Minister of Transport, Mr. Alfred Barnes—at 
widely differing rates, few of which may be regarded 
as even upon the equitable and some of 
which (for example, those applicable to privately- 
owned railway wagons and to the so-called “ junior 

stocks ” of the railway companies) are little better 
than nominal. Apart from this, the powers pro- 
posed to be conferred upon the Commissioners 
who are to administer the nationalised transport 
services are so wide that they are bound to cause 
a spreading uncertainty in several large and impor- 
tant sections of industry, by the ever-present 
possibility of further interference with property 
rights and the normal processes of trade. 

How sweeping are the changes envisaged (or 
threatened) by the Biil are well portrayed in its 
title : ‘‘ A Bill to provide for the establishment of a 
British Transport Commission concerned with 
transport and certain other related matters, to 
specify their powers and duties, to provide for the 
transfer to them of undertakings, parts of under- 
takings, property, rights, obligations and liabilities, 
to amend the law relating to . inland 
waterways, harbours and port facilities, to make 
> gramarh as to pensions and gratuities in the case 
ms who become officers of the 

, and for 


jalone would confer sufficient powers to disturb 
ss ge etoom Sevag bap mp Karras crent P neoe 


lin the H. 


with the various permissive clauses 


The Commission is to consist of a chairman and 
four other members, to be appointed by the Minister 





$35 | carry goods and 


“from among persons a to him to be 
persons who have had wide experience and shown 
par in transport, industrial, commercial or 
financial matters, in administration, or in the orga- 
nisation Pe wecer-wc They are to hold office for an 
indeterminate period, and to be empowered “to 
by rail, road, and 
inland waterway, within Great Britain, to provide 
. port facilities and facilities for traffic by inland 
waterway,” to store and consign goods, provide 
hotels and hostels for their passengers and other 
persons, and “such other amenities and facilities 
for passengers and other ... a8 it may 
appear to them requisite and expedient to provide.” 
They may “construct, manufacture, purchase, 
maintain and repair anything required for the 
of any of the activities” specified above ; 
“do anything for the purpose of advancing the 
skill of persons employed by the Commission . 
including the provision of facilities for training, 
education and research” ; indulge in various other 
activities and, in short, “‘ do all other things which 
in the opinion of the Commission are calculated to 
facilitate the proper carrying on of the business of 
the Commission.” This last-mentioned clause 
occurs on page ‘3 of the Bill and, as will be seen, 
makes of the remaining 133 pages virtually no 
more than an amplification. 
There are, it is true, a few things which the Commis- 


— sioners are specifically debarred from doing. They 


shall not “engage in the building of ships, except 
lighters, barges or like vessels of a gross tonnage 
not exceeding one hundred and seventy-five tons, 
or engage, otherwise than for the purposes of experi- 
ment and research, in the manufacture of chassis 
for road vehicles”; mor may they (without the 
consent of the Minister) acquire, wholly or in part, 
any undertaking engaged wholly or mainly in 
“constructing, owning, operating or conserving 
any railway, harbour, or inland waterway, or in 
operating tramcars or trolley vehicles ”—but this 
restriction may be regarded rather as an affirmation 
of the powers of the Minister than as a limitation 
of those of the Commission. 
the Bill list 60 railway 
undertakings (in addition to the Caledonian and 
Crinan Canals, but omitting the Manchester Ship 
Canal) which are to be taken over. 

To carry out the functions of the Commission, 
it is proposed to establish five executive authorities, 
to be known as the Railway Executive, the Docks 
and Inland Waterways Executive, the Road 

Executive, the London Execu- 
tive, and the Hotels Executive. Each will consist 
of a chairman and from four to eight members. 
It is further proposed to set up, for Great Britain 
as a whole, a Central Consultative 
Committee, comprising a member of the British 

Commission, an independent chairman, 
and other members to represent agriculture, com- 
merce,’ industry, labour and loca] authorities ; and, 
“for such areas in Great Britain as the Minister 
may from time to time direct, either a. Transport 
Users’ Consultative Committee in respect of passen- 
ger traffic” and another for goods traffic, or a single 
committee to deal with both, who will hold office 
as long as the Minister (‘‘ after consultation with the 
Central Transport Consultative Committee ’”—who 
would be, in any case, his own nominees) chooses 
that they shall do. There would be separate com- 
imittees for Scotland and Wales. Coastal shipping 
escapes the nationalisation net, but the Bill provides 
that the British Transport Commission “ shall have 
power to enter into and carry out agreements with 
any person engaged in coastal shipping for co- 
ordinating the activities of that person with those 
of the Commission ”—an authorisation of ominous 
potentialities; and that “The Minister shall 
establish a Coastal Shipping Advisory Committee ”’ 
to consider and report to him all matters jointly 
affecting the interests of the Commission and those 
Of persons ‘engaged in coastal shipping. He may 
then give the Commission “such directions as he 
thinks fit as to the exercise of the Commission’s 
powers with respect to that matter ” and, apparently, 
may do with coastal shipping as he will, if he cap 
convince himself that he is thereby “ securing that 
efficient coastal ing services are maintained 





to the extent which he considers is required in the 











542 ENGINEERING. Dec. 6, 1946. 
national interest.” It would be claimed, no doubt, , é without the circulating-water and extraction ee, 
that the Minister is responsible to Parliament, and POWER-STATION the auxiliary oil pump and the ventilating fans for 


the Bill provides that his financial commitments 
would be subject to the consent of the Treasury ; 
but taxpayers and possible victims will be able to 
set their own valuations on those safeguards. 

The provisions governing the acquisition of road- 
transport undertakings follow more or less the lines 
that had been expected. The Bill, if enacted, will 
oblige the Commission to take over all road-haulage 
undertakings‘ which, during 1946, were predomi- 
nantly engaged in long-distance carriage (with cer- 
tain exceptions) and the businesses of all holders of 
“A” and “B” licences operating over distances 
of 40 miles or more. The excepted traffics comprise 
furniture removal, the carriage of liquids in bulk 
in tanks, meat, livestock, and heavy indivisible 
loads. With these exceptions, the i range 
of A and. B carriers would be reduced to 25 miles 
from the licence-holders’ operating centre ; carriage 
to any greater distance would require a permit. 
In dealing with passenger transport services, there 
does not seem to be the same obligation on the 
Commission, but they ‘‘ may, for any area approved 
by the Minister, prepare . . . a scheme”. . . for 
“the co-ordination of the passenger transport 
services serving the area, whether by road or rail 
. .. and the provision of adequate suitable and 
efficient passenger road transport services.” 

Regarding harbours, the Bill provides that “the 
Commission shall keep the trade harbours ” (that is, 
all harbours other than Royal Dockyards and those 
“normally used only by pleasure steamers, yachts, 
fishing vessels, and vessels not requiring to be regis- 
tered under the Merchant Shipping Acts”) “‘ under 
continuous review with a view to determining 
whether the powers conferred on them . . . should 
be exercised.” If they can formulate a plausible 
excuse, apparently, they cai do what they like with 
harbours also, by requiring that such harbours 
can only be operated under their licence. 

Of the general provisions, the most important 
are those relating to charges and to the so-called 
“‘ compensation.” The present i Rates 
Tribunal is to be renamed the Transport Tribunal 
and to acquire such jurisdiction as is still exercised 
by the Railway and Canal Commission. “ All the 
business carried on by the Commission . . . shall 
form one undertaking, and the Commission shall 
. - - levy such fares, rates, tolls, dues and other 
charges as to secure that the revenue . . . is not 
less than sufficient for making provision for the 
meeting of charges properly chargeable to revenue, 
taking one year with another”; the implications 
of which, from the points of view of the 
user and the taxpayer, are all too clear. The Com- 
mission would be empowered to issue British Trans- 
port Stock, for the purpose of raising capital, up 
to 250,000,000/., and to raise temporary loans up 
to 25,000,000/. . It is estimated that the value of 
stock to be issued for the acquisition of the railways 
and canals will be 1,065,000,0001. ; but, it is stated, 
“it is not possible to form an estimate of the 
compensation payable in respect of other under- 
takings and assets.” 

In a nutshell, the Bill proposes the confiscation of 
about 2,000/. millions of railway shareholders’ 
property, close on 200,000 road vehicles (in addition 
to 300,000 included in the railways’ assets), 585,000 
private-owners’ railway wagons, and some 2,000 
miles of canals, of which 1,640 miles are navigable. 
The values of these properties have been 
by circumstances, for some of which the present 
Government are responsible, and the compensation 
proposed—giving, in the case of the railways, an 
income of little more than half of the rental paid 
by the Government during the war, and much less 
than half of the income they derived from the 
railways in that period—is in terms of a 
currency that is falling steadily in value, largely 
because of the policy followed and proclaimed by 
the Government who are doing the confiscations 
What should be emphasised, however, is that the Bill 
is not to be condemned because of the political colour 
of its sponsors. Nationalisation is ideal—in theory : 
but in practice, far from it. The badness of this 
Bill is fundamental—merally, commercially and 
practically—and the prospects of mending it, un- 
fortunately, are virtually negligible. 








AUXILIARY DRIVES. 


Tax works load on a modern power station may 
be anything from 4 per cent. to 8 per cent. of the 
total load. Any figure lying between these magni- 
tudes represents an internal demand which may 
have influence on the overall efficiency of the station 
looked at from the point of view of the saleable 
power produced. It is accordingly desirable that 
the most efficient methods available should be 
adopted for driving the auxiliaries. The application 
of a proposition of this kind may, however, be far 
from simple. It is quite common to employ steam 
turbines for driving at least a proportion of the 
main feed pumps. The energy consumption by 
machines of this type is greater than that of feed 
pumps driven by electric motors, and in many 
applications the use of small steam turbines of low 
efficiency may result in a loss of efficiency of the 
main turbines, since when the exhaust from the 
auxiliary turbines is used for feed heating, the full 
use cannot be made of bled-steam from the main 
machines. This results in,a lower cycle efficiency. 

The overall efficiency of the station is not, how- 
ever, the only consideration determining procedure. 
The capital cost of a turbine-driven feed pump may 
be less than that of one driven by an electric motor, 
as the cost of the latter will usually have to be 
debited with part of the charge for auxiliary trans- 
formers and central gear. As a result, from the 
point of view of returns on capital cost, the turbine 
may be commercially just as efficient as the electric 
motor. As, however, the percentage of the total out- 
put of the station which is utilised in driving feed 
pumps is small, this question of return on capital 
cost. is not likely to be given much attention. The 
main argument in favour of a steam drive is 
that it is independent electrical disturbances or 
breakdowns and so increases the reliability of the 
installation, and reliability in public supply is more 
important than efficiency. The installation of 
turbine-driven feed pumps is probably always 
dictated by this consideration, which may also be 
applied to the driving of forced-circulation boiler 
pumps and auxiliary oil pumps for turbo-generators. 
In large numbers of cases, however, when plant of 
this kind is installed, it is looked upon as serving 
stand-by purposes only, and its relatively low effi- 
ciency has no effect on the normal operation of the 
station, although it increases the capital cost. 

Reliability and capital costs are not the only 
considerations which have to be borne in mind in 


transport | determining what type of auxiliary drive to adopt. 


Ease of control is of importance, and the simple 
speed-regulation possible with steam plant has been 
an argument in its favour for many applications. 
Modern developments in variable-speed couplings, 
the use of alternating-current commutator motors 
and variable-voltage direct-current systems have, 
however, placed the electric drive almost on an 
equality with the steam drive in this matter, and 
the electrical methods have the important advantage 
that they are more easily adapted to remote-control 
systems. The maintenance of electrical plant is also 
probably simpler and its flexibility of location is 
greater than that of machines which have to be 
connected to a steam-pipe system. General practice 
is tending towards the increasing employment of 
electric drives except for spare boiler-feed pumps, 
and, possibly, circulating-water pumps. 

It is usual to divide auxiliary services into the 
essential and non-essential, but in a paper read 
before the Institution of Electrical Engineers on 
December 5, Mr. W. Szwander said that there 
seemed to be a lack of agreement regarding the class 
to which some auxiliaries should belong. This is 
probably due to the fact that the groups will vary 
with local conditions and the amount of stand-by 
plant which is installed. The matter must be influ- 
enced, to some extent by the situation of a station 
in reference to others. A station serving the highly- 
interconnected British grid system will be in a very 
different position, from the point of view of outside 
assistance, from one located in an isolated area, In 
the case of the latter, the essential services must be 
maintained without outside assistance. The main 
turbine is an essential unit and it cannot operate 





the alternator. The boiler is equally an essential 
unit, but if two or more boilers are provided for 
each turbine, which is quite common practice, the 
turbine can be kept in operation, if some auxiliary 
of one boiler fails, by operating the others at their 
maximum continuous output. If the station is an 
example of tlie modern “ unit” system, with one 
boiler for each turbine, the boiler auxiliaries wil! 
be just as essential as the turbine auxiliaries. 

No auxiliary can be guaranteed never to break 
down, whether it is described as essential or not, but 
more expense may be incurred justifiably in provid- 
ing stand-bys and alternative methods of supply 
for the essential auxiliaries of the main plant, than 
for those concerned with ancillary services. These 
are of the type which may be shut down for con- 
siderable periods without stopping the station, and 
include such plant as coal- and ash-handling systems, 
service pumps, lifts, cranes, eto. They do not 
include an important part of the station lighting, 
for which it is still not unusual to provide a storage 
battery, which is frequently utilised also for the 
operation of relays. At one time, auxiliari 
driven by direct-current motors, in conjunction 
with a stand-by storage battery, formed an admirable 
method of securing continuity of operation, but for 
the requirements of a station of modern capacity, 
a storage battery, would be impracticable. 

An important section of Mr. Szwander’s paper, 
which was entitled ‘‘ Power Supply for Generating 
Station Auxiliary Services,” was concerned with 
the source of auxiliary power. The necessary supply 
may be obtained from step-down transformers fed 
from the high-tension "bus bars, from “ unit” 
transformers connected across the: terminals of 
the main alternators, from house-service alternators 
mounted on the shafts of the main sets, from 
independent turbine-driven house-service units, or 
from tertiary windings on the main transformers. 
The first system is the simplest and cheapest, but 
has the disadvantage that any fault occurring in 
the system, or on the main "bus bars, may affect 
the running of motors driving the auxiliaries ; if it 
is prolonged, these may stall. As alternative 
sources of supply for the auxiliaries are very desir- 
able, if the simple "bus-bar transformer arrangement 
is used, different transformers should be connected 
to sections of the main bars which are electrically 
separated. An argument in favour of this system 
is that the auxiliary power, being taken from the 
main sets, is generated in the most efficient way. 
This also applies to unit transformers connected 
across the alternator terminals, and also has 
the advantage that, in the event of a severe fault 
leading to the isolation of the alternator from the 
"bus bars, powér supply to the auxiliaries is not 
cut off. 

The arrangement in which a house generator is 
mounted on the shaft of the main set has been 
adopted in a number of large stations. Compared 
with an independently-driven machine it has the 
advantage that the energy required to drive it is 
taken from the main high-efficiency machines, 
but the disadvantage that its output is not available 
until the main set has been run up Independent 
house-service sets cannot be as efficient as the main 
units, being smaller, but in large stations they may 
well have outputs comparable with the main machines 
of not many years ago. Mr. Szwander stated that 
independent house sets can hardly be justified in 
modern stations in which the method of supplying 
the auxiliaries can be determined from the first. 
They are considerably more expensive than shaft 
generators and their maintenance and operating 
costs are higher. House sets are usually driven by 
steam turbines and it is a reasonable assumption 
that even in the case of a bad breakdown, all the 
boiler plant will not be out of commission. In some 
cases, however, oil-engine sets have been installed 
capable of furnishing an auxiliary supply entirely 

it of the main plant. A unit of this 
kind is of obvious value in starting a station from 
cold and Mr. Szwander thinks that even when a 
large number of stations are interconnected it 


might be good policy to have a number of oil-engine 





sets at strategic points for use in case of a complete 
shut down of the system. 
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NOTES. 


PropuctTion ENGINEERING RESEARCH 
ASSOCIATION. 


THE Research Department of the Institution of 
Production Engineers, useful as it has been, has 
now been merged in a wider organisation under the 
title Production Engineering Research Association 
of Great Britain, with headquarters at Staveley 
Lodge, Melton Mowbray, and with Lord Riverdale 
as President. The new association was formally 
incorporated on June 13, and its aims and work 
were explained at an informal reception at the 
Savoy Hotel, London, on Tuesday, December 3. 
At this function, Mr. M. H. Taylor, M.I.P.E., gave 
an interesting account of the circumstances 
up to its formation, which has been effected by the 
Institution of Production Engineers, the Machine 
Tool Trades Association, the Gauge and Tool 
Makers’ Association, and the National Federation of 
Engineers’ Tool Manufacturers. The Association 
has been recognised by the Department of Scientific 
and Industrial Research and is receiving substantial 
financial support from that source. The Director of 
Research is Dr. D. F. Galloway, Wh.Sc., M.LP.E., 
AM.I.Mech.E., who is supported by a staff at 
present 30 in number but to be raised to 50 even- 
tually. F ing Mr. Taylor, the Rt. Hon. J. 
Wilmot, Minister of Supply, expressed the appre- 
ciation of his department of the work done by the 
constituent bodies of the new Association, and 
emphasised the importance not only of improve- 
ment in the design and quality of all engineering 
products, but of the education of the right employ- 
ment of those products by users. The Association, 
he thought, would result in beneficial combination 
of makers and users, and, he hoped, would not lose 
sight of the fact that the national prestige we had 
built up in engineering must be maintained. Sir 
William Stanier, F.R.S., past-president of the 
Institution of Mechanical Engineers, then gave a 
practical review of the problems which still faced 
engineering and which the Association would help 
to solve. Its scope was not limited to the develop- 
ment of new materials and principles in machine- 
tool practice, but would also embrace the efficient 
uses of machine tools and gauges in production. 
It was hoped that expert advice in the use of tools, 
using the term in its widest aspect, would be forth- 
coming, and such a service, when built up, would 
be invaluable to the industry and would warrant 
the wholehearted support of engineers generally. 
We were on the threshold of an era of great scientific 
advancement, which would probably generate many 
new industries. If the machine-tool industry 
were to meet the challenge of research and discovery, 
the best of preparation would be required, and that 
was one of the main objects of the new Association. 
Dr. Galloway then outlined some of the wide range 
of investigations that awaited attention and drew 
attention to a brochure entitled ‘‘ Research Plan,” 
just issued by the Association, which gives fuller 
particulars. Altogether, the new Association appears 
to be of great promise and has a wide field to cover 
without encroaching on the valuable work of the 
research laboratories of universities, colleges, and 
those of the larger manufacturing firms. 


AIRCRAFT PROPULSION. 

A joint meeting of the Institution of Mechanical 
Engineers and the Royal Aeronautical Society was 
held at the Institution, Storey’s-gate, St. James’s 
Park, London, 8.W.1, on Friday, November 29, 
when a paper on “ Aircraft ion” was pre- 
sented by Mr. F. M. Green, O.B.E., and Mr. J. E. 
Wallington, B.A. The chair was taken by Sir 
Frederick Handley Page, President of the Royal 
Aeronautical Society. The authors introduced their 
paper by expressing the opinion that the piston type 
of aero engine had reached the peak of its develop- 
ment ; greater power, and a higher maximum power 
per pound weight might be achieved, but progress 
in weight per cruising horse-power and in thermal 
efficiency appeared almost to have reached the 
limit. Just as Sir Charles Parson’s demonstration 
in the launch Turbinia eventually established the 
steam turbine as the chief prime mover for large 
powers, so the record-breaking Meteor aircraft had 


begun a similar change-over in aircraft propulsion ; 

though, no doubt, it would be a long time before 
the piston engine became obsolete. The authors 
then proceeded to summarise the progress that had 
been made possible in power-weight ratio, reli- 
ability, and thermal efficiency as the result of 
recent intensive development and research, and 
deduced therefrom certain trends of design. In 
their opinion, piston engines driving propellers 
would gradually disappear, except perhaps for 
small aircraft; and jet propulsion would be used 
for high-speed military aircraft. In a few years, 
they would expect to see the beginning of the 
practice of fitting passenger aircraft with internal- 
combustion turbines, and a concomitant increase of 
cruising speed of about 100 miles an hour. When 
enough experience had been gained of passenger 
airline operation at speeds of 350 to 400 miles an 
hour, the next advance would be to 500 miles an 
hour or more, with aircraft driven by jet-propulsion 
turbines; and, in the distant future, there was a 
possibility that propulsive ducts would be the 
means of propelling aircraft at 1,000 miles an hour 
or even higher . Dr. H. R. Ricardo, who 
opened the discussion, said that, while within 
20 years, the turbine replaced the piston engine in 
almost all naval vessels, at the present time more 
merchant ships were being built with piston engines 
than with steam turbines. In ships of medium 
power, a popular method of propulsion was by a 
combination of a high-pressure piston engine and a 
low-pressure turbine. A similar combination for 
long-range aircraft held out the prospect of an 
overall efficiency at all altitudes well beyond the 
reach of either piston engine or turbine alone. 
Sir Frederick Handley Page, from the chair, said 
that, in his view, the more the.turbine came into 
use, in aircraft, the more the aircraft and the 
turbine must be considered as one unit and not as 
separate entities, as in the case of the piston engine 
and the aircraft. 


Loxpon UNDERGROUND EXTENSION. 


As announced on page 485, ante, the first section, 
from Liverpool-street to Stratford, of the eastern 
extension to the Central Line was officially opened 
by the Minister of Transport, the Rt. Hon. Alfred J. 
Barnes, P.C., M.P., on Tuesday, December 3, and 
the line was ‘opened to the public on the following 
day. The numerous guests at the ceremony, held 
at Liverpool Street Station, had the opportunity of 
examining the extension from a special train which 
conveyed them to Stratford Station and back. At a 
reception held afterwards, Mr. John Cliff, J.P., 
chairman of the London County Council and a mem- 
ber of the L.P.T.B., deputised for the chairman of 
London Transport, Lord Ashfield, who was prevented 
from attending owing to illness. Mr. Cliff reviewed 
the work of extending London’s Underground, and 
in referring to costs, said that a mile of tube railway 
now cost nearly 1,500,000/., compared with about 
800,000. before the war. The Minister of Trans- 
port spoke of the increased and increasing burden 
imposed upon London Transport, Since the Board 
was founded in 1933, the number of passengers per 
annum using the Board’s services had risen from 
3,500 million to 4,225 million, and rail and "bus 
mileage had increased considerably since 1939. 
There were several reasons for this growth of traffic 
and no lack of, schemes for catering for it. The 
remaining works of the 1935-1940 programme 
were to be completed and new "buses were being 
obtained, but the supply situation was difficult ; the 
campaign for the staggering of working hours was 
an attempt to overcome the peak-hour problem. 
Transcending these measures, however, were the 
far-reaching proposals embodied in the Report of 
the Railways (London Plan) Committee, presided 
over by Professor C. E. Inglis, but all such projects 
must take their place in the queue for the competing 
demands on the national resources of man-power 
and materials. In the meantime, the Government 
had recognised the importance of the transport 
problem in London by proposing, in the new Trans- 
port Bill, a separate London Transport Executive 
under the general supervision of the British Trans- 
port Commission. Sir Ronald Matthews, chairman 
of the London and North Eastern Railway, com- 








mented on the engineering skill employed in tunnel- 





ling under the Stratford marshes, and recalled the 
efforts of the early engineers, over a century ago, 
who built the Eastern Counties Railway from Shore- 
ditch to Chelmsford and Colchester. John Braith- 
waite, who was the engineer for this project, found 
that it was not enough to dump thousands of tons 
of material into the marshes to form an embank- 
ment, because even after the embankment ceased 
to sink, it spread out laterally. By using wooden 
staging for conveying the wagons of earth to the 
dumps, he found that the staging reinforced the 
embankment, and it was, therefore, left in the 
ground. Sir Ronald said that Braithwaite was the 
first man in this country to use a steam pile-driver, 
which he imported from America to build the 
staging. ‘The electrification of the route to Ilford 
and Shenfield had been resumed some months 
ago and, in view of the great discomfort and incon- 
venience which the travelling public were obliged 
to suffer, the L.N.E.R. were doing everything 
possible to complete the work. 


Exvxecraiciry SurPity Sraristics. 

Statistics relating to the sales of electricity by 
authorised undertakings in Great Britain during 
the year ended December, 1945, for companies and 
joint electricity authorities, and during the years 
ended March 31 and May 15, 1946, for public 
authorities in England and Wales and in Scotland, 
respectively, have been issued by the Electricity 
Commission, Savoy-court, Strand, London, W.C.2. 
These show that the total electricity sold by all 
authorised electricity undertakings, including the 
Central Electricity Board, amounted to 31,657-4 
million kWh, compared with 32,473-1 million kWh 
in 1944-45. Of this total, 17,886-4 million kWh, 
or 56-5 per cent., was used for power, 12,324-6 
million kWh, or 39 per cent., for lighting, heating 
and cooking ; 1,246-7 million kWh, or 3-9 per cent., 
for traction; and 199-7 million kWh, or 0-6 per 
cent., for public lighting. A falling off in the war- 
time demand for power is shown by the fact that in 
1944-45 the corresponding proportions were 61-7 
per cent. for power, 34-6 per cent. for lighting, 
heating and cooking, 3-6 per cent. for traction, and 
0-1 per cent. for public lighting. The electricity 
sold by public authority electricity undertakings 
(excluding the Central Electricity Board, but 
including joint electricity authorities) amounted 
to 18,855-5 million kWh, compared with 19,057-7 
million kWh in 1944-45, while that sold by the com- 
pany electricity undertakings in 1945 was 12,570-2 
million kWh, compared with 13,235-2 million kWh 
in 1944. The proportion of the total utilised for 
power was 51-7 per cent in the case of the public 
authority undertakings and 64-7 per cent in the 
case of the company undertakings. The correspond- 
ing percentages for lighting, heating and cooking 
were 44-5 per cent. and 31-3 per cent., respectively. 
In the case of power, the decrease compared with the 
previous year was about 5 per cent. for both public 
authority and company undertakings, while there 
was an increase of about 4 per cent. in the consump- 
tion for lighting, heating and cooking. In 1945-46, 
the total revenue amounted to 148,796,513l., or 
1-128d. per kilowatt-hour sold, compared with 
144,179,6341., or 1-066d. per kilowatt-hour sold, in 
1944-45. Of this total, the share of the public 
authority undertakings was 85,637,357l., or 1-09d. 
per kilowatt-hour sold, and of the companies, 
62,433,3461., or 1-192d. per kilowatt-hour sold. The 
corresponding in the previous year were 
1-036d. for public authority undertakings and 
1-112d. for companies. 


GauGE anp Toot Apvisory CouNcIL. 

The Council of the Gauge and Tool Makers’ 
Association has been engaged for some months in 
considering a proposal of the Ministry of Supply 
that an Advisory Council for the industry should be 
established on similar lines to the Councils which 
already exist in the machine-tool and motor-car 
trades. They have also discussed the subject with 
the National Federation of Engineers’ Tool Manufac- 
turers and the Scientific Instrument Manufacturers’ 
Association, since it was the intention of the Minister 
that the Council should deal with small tools and 
certain scientific instruments. The result was 
announced on Thursday, November 28, when the 
Minister of Supply (the Rt. Hon. J. Wilmot) 








544 


ENGINEERING. 








Dec. 6, 1946. 





informed the House of Commons that a Gauge and 
Tool Advisory Council had been formed under the 
official chairmanship of Mr. 8. F. Steward, who is 
also chairman of the Machine Tools Advisory 
Council. The members of the Council are Messrs. 
A. Bell, F. W. Halliwell, H. S. Holden and A. E. 
Morrison, nominated by the Gauge and Tool Makers’ 
Association ; Messrs. R. A. Balfour, A. Dormer, 
S. W. Rawson, and Major-General E. R. Readman, 
nominated by the National Federation of Engineers’ 
Tool Manufacturers; and Mr. S. J. Harley, nomi- 
nated by the Scientific Instrument Manufacturers’ 
Association.: In addition, Messrs. H. N. Harrison 
and Mr. V. E. Wymans will respectively represent 
the National Union of General and Municipal 
Workers and the Amalganiated Engineering Union ; 
Mr. B. C. Westall will serve as an independent 
industrialist, and the Ministry of Supply, Admiralty 
and Board of Trade will be represented. As 
announced by the Minister, it will be the duty of 
the Gauge and Tool Advisory Council to advise on 
measures for ing a United Kingdom gauge 
and tool industry, which will be capable of making 
the maximum contribution to security, industrial 
efficiency and exports. It will be concerned with 
gauges, cutting tools, jigs and fixtures, and with 
engineers’ measuring instruments. 





LETTERS TO THE EDITOR. 


CAPACITY OF A TRAFFIC LANE. 
To THe Eprror or ENGINEERING. 


Sm,—In your issue of November 8, 1946, page 
433, Mr. Jacobsohn has given some interesting cal- 
culations on the question of the capacity of a traffic. 
lane. He appears to have studied the researches of 
Mr, Q. K. Norman, although he reaches different 
results. It is not clear whether he has also studied 
the writer’s paper on Road Traffic Calculations pre- 
sented to the Institution of Civil Engineers (Journal, 
Inst. Civil Engineers, June, 1941). 

It is surprising to see the braking distance of a 
car assumed to be proportional to its speed. The 
ordinary mechanical theory that it is proportional 
to the square of the speed is generally accepted, and 
the table at the end of the Highway Code referred 
to by Mr. Jacobsohn is based on this rule. The 
spacing between vehicles running freely has been 
found to be less than the pulling-up distance. The 
spacing, however, has generally been found also to 
involve the square of the speed. Therefore, as 
speed increases, a point is reached where the maxi- 
mum capacity is achieved, after which the capacity 
falls with increasing speed. Mr. Nicholas’s experi- 
ments, reported in his paper to the Institution of 
Civil Engineers (Road Paper No. 19), clearly show 
this to be the case for towns. A practical working 
peak value is 1,200 v.p.h. at 25 m.p.h., but values 
up to 2,000 v.p.h. at 35 m.p.h. have been observed 
on rural roads. 

An additional traffic lane in the same direction, 
when the road is not fully loaded, allows for over- 
taking, and, therefore, a greater variation in speed 
for the same volume of traffic. On the other hand, 
under saturation conditions, which occur, for 
example, when traffic is released at an intersection, 
it is the writer’s experience that two columns do 
run side by side in the same direction, each loaded 
to its full capacity. 

In practice, the effect of intersections on the 
capacity of a road depends more on the proportion 
of time during which the traffic can run than on the 
spacing of the intersections and on the actual time 
of stop. Mr. Jacobsohn’s formula is very valuable 
in confirming the need for linking signal-controlled 

intersections together, and showing why, when this 
is not done, the traffic capacity and the overall speed 
of traffic are low. The effect of an intersection can 
be measured if the capacity of an uninterrupted 
traffic lane is multiplied by a factor obtained by 
dividing the effective “‘ go” time by the total time. 

Coupling this with Mr. Jacobsohn’s formula, it 
can be shown mathematically that the latter does 
not apply until the intersections are spaced so 
closely together that they would, under present 


so that a vehicle is not normally stopped at every 
crossing and the assumption upon which the formula 
is based would not apply. 
A. J. H. Cuayron, 

B.Sc. (Eng.), A.M.Inst.C.E. 
50, Roundwood Way, 
Banstead, Surrey. 
November 30, 1946. 





TRANSITION CURVE 
TRIGONOMETRY. 


To THE Eprror or ENGINEERING. 


Smz,—There are some errors in Mr. F. T. Murray’s 
paper, on page 409 of your issue of November lI, 
which, I feel, should be pointed out. First, the 
“theory ” to which he takes exception is actually 
a simple true fact. If the transition curve decreases 
in radius until it joins the circle, has a radius equal 
to that of the circle at the point of junction, and 
has a common tangent with the circle at this point, 
the transition curve must of necessity approach the 
junction from outside the circle. 

There is, of course, a standard definition of the 
radius of curvature of a non-circular curve well 
known in elementary mathematics; but the truth 
of this disputed fact can be demonstrated, using 
Mr. Murray’s analysis whereby the curve and circle 
are regarded as composed of very short equal 
straight segments. In the subjoined diagram, 
AB and BC are the last two segments of the 
transition curve, and BC and CD are the first 
two segments of the circle. Since the radius of the 
transition curve is decreasing as the circle is 
approached, the internal angle ABC is greater 
than the internal angle BC D. Draw B E as shown 
so that B E is of length equal to that of the other 
segments, and so that the internal angle E BC is 
equal to BCD. Then EB is a segment of the 
circle. Since E B C is less than A B C, the transition 
curve must lie outside the circle. 

If the transition curve has a radius of curvature R 
at the junction point P, R is also the radius of the 
circle. For a given point P on a given curve, the 








centre and radius of the joining circle are uniquely 
determined ; it is not possible to alter the radius 
of the circle to make the circle satisfy some other 
condition, without at the same time breaking the 
condition that the curve and cifcle should have 
equal radii at the junction point. 

Figs. 5, 7 and 8 in the article appear to show 
cases in which the transition curves (ellipses) lie 
partly within the circle. The ellipses shown each 
have two intersections with the circle besides the 
junction P. Now it is well known that an ellipse 
and a circle cannot have more than four inter- 
sections ; consequently, at P there are two coin- 
cident intersections, which is the same thing as 
saying that the ellipse and the circle have a common 
tangent at P. If the radii of curve and circle are 
to be equal at P, there must be three coincident 
intersections at P and there can only be one other 
intersection elsewhere. In so far as Mr. Murray’s 
diagrams apparently contradict this reasoning, there 
must be something wrong with his calculations ; 
and investigation shows that his equation (6) is 
false. The elementary theory of conics gives the 
correct formula as 

ae Ry K* sec dp R, K* 

* (1+ K* tan’ $5)! (cos? $y + K*sin*® $5) 
The radii of the ellipses for which R, = 1, 
¢, = 45 deg., and K =1-5, 2-0 and 2-5, are 
1-09, 1-01 and 0-91, respectively, at the points of 
junction, in place of the values 1-52, 1-89 and 2-15 
stated in the article. Thus the ellipses illustrated 
in Fig. 8 do not satisfy the radius condition. 

Yours faithfully, 
R. G. Mantey, B.Sc. 





5, Alverstone-avenue, 
Low Fell, Gateshead, 9. 
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BROACHING MACHINES, TOOLS 
AND PRACTICE. 
To THE Eprror oF ENGINEERING, 

Str,—It is stated in the excellent paper by Mr. k, 
Percy Edwards, M.I.P.E., given in abridged form 
on page 485 of your issue of November 22, that 
the first horizontal hydraulic broaching machine 
was manufactured by the Oilgear Company about 
1921. I should like to correct the author on this 
point, as, during the early part of the Great War 
(1915-16), at the Openshaw Works of Sir W. G. 
Armstrong Whitworth and Company, Limited, in 
conjunction with Mr. F. W. Palmer, I designed and 
supervised the construction of a horizontal heavy 
hydraulic broaching machine in which three cylin. 
ders, some 2 ft. 6 in. long, were arranged side hy 
side in the bed. 

Two heavy roller chains, operating over sprockets 
on a crosshead connecting the rams, provided the 
pull, and the machine thus had an effective stroke 
of about 5 ft. Two smaller cylinders provided for 
the return stroke. The valve mechanism was 
arranged so that the centre ram, the two outer rams, 
or all three together, could be used, according to 
the requirements. The machine was designed for a 
pull of about 100 tons and was intended for testing 
and experimental work. It was highly successful, 
but slow in operation, by present standards. No 
i were used in the construction, the bed in 
which the cylinders were bored being a piece of 
armour plate, while the frame and base were of 
heavy steel plate and sections. 

Yours faithfully, 
F. C. Harrison. 
433, Whirlowdale-road, 
Sheffield, 11. 
November 30, 1946. 





OBITUARY. 


MR, W. G. SPENCE. 


Tue North-East Coast Institution of Engineers 
and Shipbuilders has lost its originator and, we 
believe, last surviving founder member, by the 
death on November 28, at the age of 86, of Mr. 
William Geddes Spence. It was in 1884 that Mr. 
Spence wrote a letter to The Newcastle Journal, 
over the pseudonym of ‘‘ T-Square,” suggesting the 
formation of such an institution. The idea received 
considerable support and, as we recorded on page 553 
of our 38th volume (1884), the “‘ new scientific 
and technical society, under the title of the North- 
East Coast Institution of Engineers and Ship- 
builders,” was ‘‘launched at Newcastle, for the 
purpose of advancing the science and practice of 
engineering and shipbuilding,” The inaugural 
meeting was held on November 28, 1884. In 
wishing success to the new institution, we expressed 
the opinion that “ it contains within it all the requi- 
site elements of knowledge and experience” and 
should rise to ‘‘ a high position among the scientific 
societies of the country.” 

Mr. Spence, who has had the pleasure of watching 
the fulfilment of these aspirations for all but 60 
years, received his general education at Fordyce 
Academy, Fordyce, Banffshire, and his technical 
education at Glasgow University. He = — 
an engineering apprenticeship at the St. r’s 
thor . TR. and W. Hawthorn, Leslie and 
Cempany, on the completion of which he went to 
sea. His next appointment was as assistant 
manager with Messrs. Henry Watson and Sons, 
Newcastle-on-Tyne ; it was while he was so em- 
ployed that he proposed the formation of the North- 
East Coast Institution. In 1888, Mr. Spence 
returned to Scotland to take up the post of chief 
draughteman with Messrs. Gourlay Brothers, 
Dundee ; but in 1891 he came back to the North- 
East Coast, to join Messrs. George Clark, Limited, 
of Sunderland, in a similar capacity. He continued 
with them until 1897, when he transferred to Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
with whom he remained as manager of their Neptune 
Works until 1911, when he returnéd to Messrs. 
Clark as director and general manager. He 





November 21, 1946. 


retired from this position in 1931. 
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THE IRON AND STEEL 
INSTITUTE. 
(Continued from page 520.) 


Te third technical session of the recent autumn 
meeting of the Iron and Steel Institute was held 
on the morning of Thursday, November 14. The 
first two papers on the agenda, namely, “The 
Origin and Constitution of Certain Non-Metallic 
Inclusions in Steel,” by Dr. J. R. Rait and Mr. 
H. W. Pinder, of the research de nt of Messrs. 
William Jessop and Sons, Limited, Sheffield, and 
“The Neutralisation of Sulphur in Cast Iron by 
Various Alloying Elements,” by Mr. H. Morrogh, 
of the British Cast Iron Research Association, 
Birmingham, were discussed jointly. 


IncLusions ry [Ron AND STEEL. 


The paper by Dr. Rait and Mr. Pinder, which 
dealt with the main sources and the structure of 
aluminous, siliceous, manganese-containing and 
other inclusions, will be found on pages 141 and 165, 
ante. It was summarised at the meeting by Dr. Rait. 
When presenting his paper on “ The Neutralisation 
of Sulphur in Cast Iron by Various Alloying Ele- 
ments,” Mr. H. Morrogh stated that he had studied | the 
the influence of nickel in amounts up to 20 per cent., 
of molybdenum up to 2 per cent., of copper up to 
5-9 per cent., of chromium up to 28 per cent., and 
of aluminium up to 7-7 per cent., on the sulphide 
phases in low-manganese high-sulphur iron. With 
the exception of nickel, all these elements could 
combine with sulphur (in the absence of sufficient 
manganese to form manganese sulphide) to give 
characteristic sulphides. In the cases of copper, 
chromium, and aluminium, definite sulphides could 
be detected. Nickel and copper behaved similarly 
in ne the carbide ilising effect of 
iron sulphide, but nickel appeared to exert a stronger 
influence. With high sulphur and low manganese 
contents, the addition of nickel or copper could 
give rise to abnormal graphite structures possessing 
features suggesting graphitisation after solidification. 
As far as commercial irons of to-day were concerned, 
the sulphides described could occur in the case of 

r, chromium, and aluminium irons. No 
definite sulphide was attributed to molybdenum, 
although that element definitely had an effect on 
the mode of occurrence of iron sulphide when 2 per 
cent. of molybdenum was present. Either a solid 
solution of Cu,S in FeS, or a double sulphide of 
these two, could exist in cast iron. , & eutectic 
of this solid solution (or double sulphide) and Cu,S 
might occur in cast iron. Cuprous sulphide (Cu,S) 
could exist in varying amounts in solution in man- 

ganese sulphide in cast iron. Chromium sulphide 
(CxS) could occur associsted with iron sulphide in 
striations or with manganese sulphide in a eutecti- 
form pattern of spots. With low manganese 
content, aluminium sulphide (AI,8,) containing 
manganese sulphide in solid solution might occur in 
cast iron. In no case did pouring temperature 
ppear to have any influence on the form of the 
sulphides in any of the compositions investigated. 

Dr. J. H. Whiteley, who opened the discussion, 
said that the first paper dealt with a line of attack 
which would become of increasing importance, 
namely, the X-ray examination of inclusions. The 
authors had also given numerous microphotographs 
and in some cases they had used hydrofluoric acid 
as an etching reagent, but they had not given the 
concentration strength of the acid nor the time of 
treatment. In other cases, they had employed 
alkaline sodium picrate and he wondered why they 
had not used sodium hydrate instead. He would 
also like to know if the aithors could give an 
e ion of the fact that aluminous inclusions 
frequently tended to occur in the form of “ string- 
ers.” The authors had painted a rather gloomy 
picture of the harmfulness of inclusions, although 
he agreed that they could give rise to serious surface 
defects. Mr. Morrogh’s paper was of exceptional 
interest as it brought together much information 
which was previously scattered. Caution was 
necessary, however, in describing certain sulphide 
inclusions as consisting entirely of sulphide. The 
next speaker, Mr. D. A. Oliver, suggested that the 
study of inclusions during the next few years would 








be of importance from a new point of view, namely, 
machinability. Bearing in mind the world com- 
petition in engineering products and the increasing 
knowledge regarding materials, there would be a 
greater emphasis on the economics of machining. 
It was well known that certain inclusions could be 
tolerated they did not “outcrop” at 
critical stages or interfere with highly-polished 
surfaces. Certain inclusions were capable of taking 
the edge off high-speed tool steel or of causing 
undue wear in carbide tools. Aluminous inclusions, 
he believed, were probably the most devastating 
of all from the point of view of machining diffi- 
culties. Certain classes of silicates, on the other 
hand, were harmless. 

The President drew attention to the perfection 
of Mr. Morrogh’s microspecimens, and said that it 
did not appear that any special technique had been 
used. The matter rested entirely with the operator, 
and there were very few who were capable of _ 
the results which Mr. Morrogh had obtained. 
had retained not only the shape, but the internal 
structure, of the graphite particles. With cast iron 
it was even more difficult than with steel to retain 
all the inclusions in the course of polishing. Every- 
ang Mapes 8 Oe, CA Sarre. Lane 

specimen. One method which might be em- 
| nara tree more was that used at the National 
ysical Laboratory in studying sulphide inclusions. 
They took a polished specimen and applied to it a 
gelatine-coated paper impregnated with some chemi- 
cal which would react when an acid was i 
The paper was pressed on to the surface and allowed 
to remain a sufficiently long time for chemical action 
to take place. The paper was then peeled off and 
these contact prints were examined under a micro- 
scope and found to yield a great deal of information. 
The specimen had to be properly prepared and, with 
the present micro-chemical technique, there were a 
good many reagents which could be used for identify- 
ing inclusions in this way. 

Mr. R. Whitfield expressed disappointment that 
nothing had been said by Mr. Morrogh 
the physical characteristics of the sulphur- 
cast irons, because if sulphur could be controlled, 
more use might be made of it. Instead of its being 
regarded as an impurity it could be really beneficial 
and he felt quite sure that sulphur could make a 
definite contribution if it were controlled. The next 
speaker, Dr. J. H. Chesters, said that preliminary 
work on the subject had suggested that the propor- 
tion of inclusions in a steel actually coming from 
the plant refractories was very small. When Dr. 
Rait had stated that such and such types of alumina 
came from the aluminium added as the final 
deoxidant, he wondered whether the authors were 
sure that such was indeed the case. Mr. J. G. 
Pearce, who spoke next, said that at the British Cast 
Iron Research Association, they were convinced 
that the mi , as a metallurgical instrument, 
had not been exploited to the full extent of its possi- 
bilities. There was nothing very special about 
their methods, but with further development he felt 
convinced that many of the results obtained with 
X-ray diffraction methods or the electron mi 
could be secured with the aid of the optical micro- 
scope with accurately worked-out methods. He, 
therefore, suggested that the Institute should form 
a metallographic or microscopic study group which 
could pursue the matter further. The President, 
speaking again, said that he thoroughly agreed with 
Mr. Pearce that the microscopic method had not yet 
been used to its fullest extent. Mr. M had 
referred to the polarised-light method, which was 
very valuable, but it was not always easy now to get 
a Nicol prism attachment for the microscope for 
this kind of work. He wondered, therefore, whether 
the author had made any use of polarised films which 
were much simpler to attach, for securing polarised- 
light effects. 

Dr. Rait, in a brief reply, said that he could 
give no-explanation why alumina-rich inclusions 
occurred in stringers. In reply to Dr. Chesters he 
would point out that the paper was concerned with 
steel in which aluminium had not been added prior 
to testing; hence, it would be e that the 
inclusions would be of the “refractory” type. Mr. 
H. W. Pinder, who also briefly replied, informed Dr. 
Whiteley that a 10 per cent. solution of hydro- 








fluoric acid had been used as an etching medium 
and the time of exposure was usually 30 seconds. 
The alkaline sodium-picrate solution had been 
employed because it happened to be a very com- 
monly-used reagent, there was no other specific 
reason. As to the comment that they had painted 
a gloomy picture, they had merely pointed out what 
actually happened; it was not always the steel- 
maker’s fault when a “‘ dirty” steel was made. 

Mr. Morrogh, in reply to the discussion on his 
paper, stated that no definite sulphide could be 
associated with the presence of molybdenum. 
The particles present appeared to be iron sulphide, 
which indicated that probably some molybdenum 
was combined with the iron sulphide. With regard 
to graphite formation, the point he had intended to 
make was that the iron sulphide was responsible 
for an increased persistence of iron carbide, and at 
higher temperatures more iron sulphide tended 
to be present. As the temperature dropped, the 
He | reaction moved over to the manganese sulphide 
part of the system and there was a decreased 
carbide stabilising effect as the result of the forma- 
tion of more manganese sulphide. He had very 
much more evidence on this point than had been 
given in the paper, and a further paper had, in 
fact, been prepared 


Removal or HypRoGEN From STEEL. 


The last paper considered on Thursday morning 
was a contribution from the University of Sheffield 
on “The Removal of Hydrogen from Steel,” by 
Professor J. H. Andrew and Drs. H. Lee, A. K. 
Mallik and A. G. Quarrell. The authors stated 
that they had conducted a systematic investi 
of the removal of hydrogen from a number of steels 
under isothermal conditions; in other words, the 
removal of the hydrogen had been investigated at 
constant temperature instead of at different rates 
of cooling. For all steels it had been found that the 
rate of removal, in the intermediate range, was 
high and that, for certain steels, ‘there was also 
a peak on the removal curve ing to @ 
transformation in the pearlitic region. The law 
governing hydrogen removal in the austenitic range 
had been determined experimentally and the empiri- 
cal relationship supported by theoretical treatment. 
It had been found that small partial pressures of 
hydrogen surrounding a steel at 1,100 deg. C., 
exerted a considerable retarding effect upon the 
removal of hydrogen, although, as might be 
expected, this effect became quite small at 650 deg. 
C. In the presence of hydrogen, the transformation 
of a nickel-chromium-molybdenum steel was re- 
tarded in the range 600 to 450 deg. C., but little effect 
was observed at lower temperatures. A comparison 
of the rate of diffusion of hydrogen through similar 

ms of different steels showed that alloying 
elements had little, if any, effect upon the diffusion 
constant. The mechanical ies of a large 
number of steels had been determined after treat- 
ment in hydrogen and nitrogen, and it had been 
found that the embrittling effect of hydrogen was 
apparent in all cases in which the hydrogen content 
was from 1 c.c. to 3 c.c. per 100 grammes. Much 
evidence had been obtained upon the formation of 
hair-line cracks under various conditions. It had 
been found that such cracks could appear in the 
absence of transformation stresses, and that these 
stresses were important mainly in that they deter- 
mined the particular crack distribution which 
resulted. Although no cases of internal crack 
formation in the absence of hydrogen were observed, 
certain specimens showed no cracks in spite of a 
high hydrogen content. No detailed explanation of 
hair-line crack formation, however, could be 
expected until the much wider problem of low-alloy 
steels in general was more thoroughly understood. 

Mr. H. H. Burton, who opened the discussion, 
said that one of the outstanding features of the 
research was the clear demonstration of the relation- 
ship between transformation stresses, the rate of 
hydrogen removal and the occurrence of hair-line 
cracks. Previously, there had been two radically 
different views on hair-line crack formation. The 
one was that thermal’ transformation stresses were 
responsible and the other was that hydrogen alone 
was the cause. There was also a third view, held 
tentatively by a smaller group, that both trans- 
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formation stresses and hydrogen might play a part. 
There was then no reliable information in this 
country dealing with the hydrogen content of 
normal steel, especially alloy steels, and the effect 
of the various heating and cooling cycles on the 
hydrogen content. A small informal group of alloy- 
steel makers, which had been formed some time 
previously to discuss this problem, had decided to 
invite Professor Andrew to undertake an investiga- 
tion of the hydrogen problem and especially, in the 
first place, to confirm the work of certain Italian 
investigators. Professor Andrew had undertaken 
the task and in a short time had confirmed and 
extended the Italian work. At the present time our 
knowledge on the subject was greater than that of 
any other country, but much still remained to be 
investigated. The suggestion was made, in the 
Fon ane an a a ae aed 
became seriously embrittled, but those 
was tt eted tidhcsedding So of hydrogen 
per 100 grammes had not found embrittlement of the 
same order as that indicated by the authors. There 
was something more in the problem of hydrogen 
embrittlement than could be derived from specimens 
which the authors had re-heated in hydrogen, and it 
would be dangerous for it to get about that steels 
containing 1 c.c. of hydrogen per 100 grammes were 
in a brittle and dangerous condition. 

Dr. C. Sykes supported Mr. Burton in saying that 
too much should not be made of this question of 
hydrogen content. It was known that in pure 
steel there was no difficulty with hydrogen, because 
in sizes up to 3 in. the residual effects of hydrogen 
were quite small. One point which required 
emphasis was that although heat treatment pre- 
vented the formation of hair-line cracks they did 
not give a safe limit to the hydrogen content. It 
was even possible to eliminate the hair-line cracks 
but not the hydrogen. Dr. N. P. Allen, who spoke 
next, said that more information was re 
regarding the connection between the actual hydro- 
gen content of the steel and the appearance of a 
erack. Cases were mentioned in the paper, of steels 
that were able to contain more hydrogen than others 
and also cases in which the same steel, under different 
conditions, could contain different quantities of 
hydrogen before cracks appeared. It was desirable 
to study the amount of hydrogen necessary to cause 
cracks in relation to the constitution of the steel at 
the time the steel was produced. 

Mr. R. Whitfield asked if there were any difference 
in dealing with the hydrogen content of a steel which 
had been through the soaking pit and a steel cooled 
in the normal manner. A subsequent speaker, Dr. 
J. H. Whiteley, said that many years ago he had 
had a large number of hair-line cracks in basic-steel 
rails but had never found them in acid-steel rails. 
He had eliminated the cracks by retarding the cool- 
ing between 530 deg. and 200 deg. C., by putting the 
rails in a furnace and cooling them rather more 
slowly than would have been the case on the rolling- 
mill floor. The cracks had disappeared entirely ; 
evidently the retarded cooling had the 
cracks from forming. In a brief preliminary reply 
Dr. Quarrell stated that differences of opinion 
between steelmakers were no doubt due to differ- 
ences of procedure in different works in the early 
stages of fabrication. One of the conclusions, 
regarding hair-line crack formation, given in the 
paper, had been criticised, but he would point out 
that the actual words used were : “ Hair-line cracks 
may occur in the absence of transformation stresses.” 
They had not said that transformation stresses 
played no part in hair-line crack formation. 

The President then adjourned the meeting until 
2.30 that afternoon. 

(To be continued.) 





WATER SUPPLIES IN GREATER LONDON.—In a written 
answer to Mr. G. Rogers in the House of Commons on 
Thursday, November 28, the Minister of Health (the Rt. 
Hon. A. Bevan) said that Mr. R. M. Hughes (chairman), 
Sir Frederick Alban, Sir Charles des Forges, Mr. F. J. 
Dixon, and Sir Roger Hetherington had been appointed 
as a Committee to examine the present system of water 
supply administration in London and to consider and 
report whether changes in that system were desirable ; 
and, if s0, what should be the constitution, powers and 
duties of the new body or bodies in which control should 
be vested. 








THE PRAGUE FAIR. 


Tue exhibits at the Prague Fair covered a wide 
range of both consumer and capital goods, and several 
foreign ogo including Albania, France, the 
Netherlands, Poland, Roumania, Sweden, Switzerland, 
and Y' via, contributed individual sections. The 
types of consumer goods, as. for example, glassware, 
musical instruments and fancy goods generally, were 
characteristic of Czechoslovakian industry, but the 
urgent. needs of reconstruction were reflected in the 
exhibition of, or literature relating to machine tools, 
motor vehicles, road-rollers, bulldozers, locomotives, 
electrical plant, etc. The Fair was held from September 
15 to 22, 1946, and although we are unable to give a full 
and balanced account of all the exhibits, it is thought 
that a brief description of some of the engineering works 
will be of interest. 

The well-known Skoda Works, Limited, became a 
nationalised undertaking styled the Skoda Works 
National Corporation, Prague II, J annova 29, 
by a decree published on May 18, 1946. Certain 
ancillary firms and others engaged in bridge building, 
steel and tool making, were also incorporated. The new 
organisation has authority to engage in the manu- 
facture, repair, acquisition and disposal of al] products 
of metal, namely; machines, apparatus and tools, 
boilers, locomotives, vehicles, electro-technical products 
of all kinds, armaments, ships, together with all 
necessary parts, semi-finished products and raw mate- 
rials, as well as erection and equipment of industrial 
plants of all kinds. Sixty per cent. of the Skoda 
Works at Pilsen is reputed to have been destroyed 
by air raids. Nevertheless, since the end of the 
war, this works produced 47 locomotives up to the 
middle of August, 1946, and the electrical factory 
at Doudlevce turned out, in addition to other machi- 
nery, 10,495 motors and 97 transformers in the first 
four months of 1946. The Corporation markets 
a range of screw-cutting centre-lathes in several different 
sizes with built-in electric drive, air-operated chucks, 
and several accessories, such as steady-rests, taper- 
turning and copying attachments. They also make a 
series of turret ed with several interesting features. 
Their Diesel engines comprise a single-cylinder, four- 
stroke engine developing 10 h.p. at 1,200 rp.m.; a 
series of 2, 3, 4, and 6-cylinder, four-stroke engines 
rang'ng from 20 to 60 h.p. at 1,200 r.p.m., with cylinders 
4} in. in diameter and a piston stroke of 5% in., 
which are used for driving generators, pumps, com- 
pressors, road-rollers, narrow-gauge locomotives, and 
for mar‘ne purposes ; and three series of larger engines 
develop'ng from 40 to 225 h.p. in the stationary type, 
from 33 to 200 h.p. in the marine type, and from 
30 to 300 h.p. in the high-speed type. The Skoda 
Works make gas engines using wood, natural, or 
coal gas as fuel, and a 30-h.p. agricultural tractor which 
aroused considerable interest at the Fair. A novel 
machine was the ‘‘ Skoda-Presto,” which is designed 
to dress and clean bricks which have been recovered 
from damaged buildings. The Corporation are now 
also responsible for the manufacture of complete plant 
installations for factories and mines. 

The display of machine tools was extensive and 
included not only those of the Skoda Works, but also 
the products of the United Machine Tool Factories 
National Corporation, of Prague VII, Pristavni 28. 
As their name implies, they have incorporated the 
principal makers of machine tools. There were pre- 
cision bench lathes with the 3} in. and 34 in. centres ; 
heavy-duty lathes with 6}-in., 8-in., 84-in., 94-in., and 
11}-in. centres ; turret lathes to take bars up to 1 in., 
1¥ in., 2} in., and 3} in. in diameter; and capstan 
lathes to take bars up to § in., 1 in., 1 in., 2 in., and 
24 in. in diameter. Grinding machines were well 
represented by crankshaft, centreless, tool, twist-drill, 
and surface-grinding machines. All the well-known 
types of machine tools were represented, including 
combined horizonta] boring, milling and surfacing 
machines, and gear-cutting and gear-shap'ng machines. 

roducts of Messrs. Ceskomoravske Strojirny 
A.S., of Prague, like those of the new Skoda organisa- 
tion, cover a wide field. They extend to complete 
installations for sugar factories, of which several 
hundred have been supplied to many parts of the world 
during the past 35 years. This firm is producing a 
series of two-cylinder steam road-rollers in several sizes 
between about 12 and 22 tons. In addition to motor- 
lorries, they make special-purpose and public-utility 
vehicles for refuse collection, street cleansing, fire- 
fighting, and the transport of petrol in bulk. They 
also produce a light aptchwes 9 lorry and a bulldozer. 
Their Diesel engines are in several types and 
sizes for stationary, marine, rail-car and shunting- 
locomotive purposes, and the firm produce standard- 
gauge steam locomotives, excavators, rotary converters, 
resistance-welding apparatus for aluminium and 
aluminium alloys, and numerous other mechanical 
and electrical machines, The principal makers of 
wireless, telephone, and electro-medica]l equipment 
have also been nationalised and are now known as 





the Tesla Electro- and Radio-Industry National 
Corporation, Prague. Their products include tele. 
phones, electric welding sets, wireless receivers, ampli- 
fiers, medical apparatus, etc., and associated instru. 
ments and equipment. 

Other items of interest were a device for turning 
spherical surfaces, an adjustable spanner in which the 
grip ing force was proportional to the pull on the 

, ferrous and non-ferrous castings, electric and 
oxy-acetylene welding equipment, and windmill-driven 
generators. 





RAIL TRANSPORT OF TURBO- 
GENERATOR STATOR. 


Tue London and North Eastern Railway and the 
London Midland and Scottish Railway recently co- 
operated in transporting a large turbo-generator 
stator weighing 130 tons from the works of Messrs. 
C. A. Parsons and Company, Limited, at Newcastle-on- 
Tyne, to Birmingham, a distance of 268 miles. The 
stator is 20 ft. long and 13 ft. in diameter, and owing 
to its exceptional size and weight, special loading and 
traffic arrangements were made. So as to place the 
stator as close to the track as possible and thus reduce 
the loading height, it was slung between two wagons 
by passing two girders Son the stator tunnel and 
resting the ends of the ers on a swivelling cross bol- 
ster on each wagon. ‘the. diameter of the stator being 
approximately 3 ft. 6 in. greater than the width of the 
loading gauge, it was necessary to incorporate arrange- 
ments for shifting the load laterally during the journey. 
This was achieved by having a cross-sliding saddle work- 
ing on rollers on each bolster, which could be traversed 
by a screw and nut device. The position of the load 
could thus be adjusted up to 12 in. either side of the 
centre, but because this margin was insufficient at 
certain places on the route, it was necessary to remove 
signals, fogmen’s huts and other obstructions. The 
two wagons were each of 35 tons capacity, with two 
four-wheeled bogies, but as their | capacity would 
have been inadequate for the combined weights of the 
stator, girders and bolsters, each end of the double 
girders was partly supported by a long cantilever, 
the central fulcrum of which rested on a 60-ton flat 
wagon. The end of each cantilever remote from the 
stator was weighted, and the weight was free to swing 
in the well of a 20-ton trolley wagon. Thus the train 
comprised six wagons, in addition to the brake-van and 
engine, eee: = approximately 123 yards in length. 
The rolli loading equipment were provided 
by the L. ER my The maximum s of the train with 
the load central was 15 miles an hour, and 6 miles an 
hour with the load displaced 12 in. to one side. The 
train was moved on six successive Sundays, when it was 
possible to block adjacent lines and clear obstructions, 
and it reached its destination on Sunday, December 1, 
1946. The L.M.S. used a Diesel locomotive to ensure 
smooth traction at the low speeds which were required. 
The stator is for the 50,000-kW main alternator of 
one of the six turbo-generators which Messrs. C. A. 
Parsons and Company, Limited, Heaton Works, 
Newcastle-on-Tyne, are supplying to the City of 
Birmingham Electric Supply Department for their 
Hams Hall “B” power station. Each turbo-generator 
set consists of a two-cylinder tandem turbine with a 
single-flow low-pressure cylinder driving a 50,000-kW 
main alternator and a 3,500-kW auxiliary alternator on 
one shaft. Three sets have already been installed. 





THE Royal Socrety.—The officers and Council] of 
the Royal Society, elected at the anniversary meeting, 
held on November 30, are as follows: President, Sir 
Robert Robinson; treasurer, Sir Thomas Merton: 
secretaries, Sir Alfred Egerton and Sir Edward Salisbury : 
foreign secretary, Professor E. D. Adrian ; other members 
of Council, Dr. C. H. Andrewes, Professor W. T. Astbury, 
Professor W. Brown, Dr. E. C. Bullard, Professor A. C. 
Chibnall, Professor C. A. Lovatt Evans, Dr. N. H. Fairley, 
Professor R. A. Fisher, Professor 8. Goldstein, Professor 
E.‘L. Hirst, Professor H. W. Melville, Professor M. H. A. 
Newman, Professor M. L. E. Oliphant, Dr. C. F. A 
Pantin, Professor H. H. Read, and Sir Reginald Stradling 





SocrETY OF LICENSED AIRCRAFT ENGINEERS.—Three 
lectures have been arranged by the Society of Licensed 
Aircraft Engineers, Finsbury Circus House, Blomfield- 
street, London, E.C.2. .All are to be held on Saturdays, 
at 3 p.m., in the lecture hall of the Royal Society of 
Tropical Medicine and Hygiene, 26, Portland-place, 
London, W.1. The first, on December 14, will deal-with 
**Some Aspects on the Growth of Civil Aviation,” and 
will be by Mr. C. G. Grey. The second will be held on 
January 25, 1947, and will deal with “‘ Radar in War and 
Peace ’’ ; it will be by Air Vice-Marshal D. C. T. Bennett. 
The third lecture will be delivered on February 15, 
1947, by Air Commodore F. Banks, who will speak on 
* Aviation Fuel—A Review ” 
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WAVE PROPAGATION AND THE 
IMPEDANCE CONCEPT. 


Ly teaching electromagnetism the theory of trans- 
mission lines is normally eran from the point 
of view of circuit theory, which is developed in terms 
of the impedance concept. The theory of more general 
forms of wave pagation is, however, approached 
from the point of view of Maxwell’s equations and the 
impedance concept is not often used. In 1941, when 
the technique of handling centimetric wavelengths was 
being rapidly developed for application to radar, the 
hiatus between these two methods of approach formed 
an unnecessary barrier to . A paper was 
therefore prepared and i by the Telecommuni- 
cations Research Establishment in secret form, with a 
view to demonstrating that anyone who knew the 
theory of transmission lines was well equipped to under- 
posseag ise: ny car’ Maal aig wr tion both in the 
open air and in hollow pipes. r has now been 
bs med and was read bite ethane’ Dr. H. G. Booker, 
before the Radio Section of the Institution of Electrical 

ineers, on Wednesday, December 4. 

dealing with transmission lines, said Dr. Booker, 
it was normal to work in terms of potential difference 
measured in volts and current measured in amperes, 
the ratio of the two giving im ce measured in 
ohms. For more ral wave tion, potential 
difference Beet gs volts had to be replaced by 
electric field measured in volts per metre. To preserve 
the impedance concept, it was clear that current 
measured in amperes must be replaced by a quantity 
measured in amperes per metre. This unit might 
defined quantitatively as follows: suppose that a 
straight wire of circular cross section was carrying 4 
current of I amperes and’ consider a circular line of 
= force surrounding the wire and concentric 
with it. Let s be the perimeter of the circle in metres 
and H the strength of the ic field acting round 
it. Then Hs differed from I by a numerical constant 
and if the unit of magnetic field was chosen so that 
this constant was unity, H was equal to I divided by 
8, in amperes per metre. 

If the wire was such a good conductor that the skin 
effect was fully developed, then the current flowed 
entirely along its surface. If the circular line of 
magnetic forces ran only just outside the surface 
of the wire so that s metres was the perimeter of 
the wire’s cross section, then I divided by s repre- 
sented the number of amperes that rane a length 
of the perimeter equal to 1 m., i.e., the surface density 
of current in amperes per metre flowing along the surface 
of the wire. The equation implied that, in practical 
units, with the magnetic field measured in amperes 
per metre, the magnetic field just outside the surface 
of the wire was equal to the surface density of current 
flowing along the surface of the wire. There was no 
magnetic field in the interior of the wire. In general, 
any surface flow of current of surface density I amperes 
per metre produced a discontinuity in the tangential 
magnetic field at the surface, of amount I amperes per 
metre. An infinite solenoid in which I amperes of 
current flowed round each metre of length produced 
a uniform magnetic field I amperes per metre in the 
core and no magnetic field outside. 

The ordinary volt-ampere-ohm-metre-second system 
of practical units was technically known as the rationa- 
lised metre-kilogr d-coulomb system of units. 
By dividing electric fields, measured in volts per metre, 
by magnetic fields measured in amperes per metre, 
impedances measured in ohms were obtained. Such 
impedances, which were called field impedances, had 
substantially the same importance in theory of wave 
propagation as ordinary circuit impedances had in 
the theory of transmission lines. 

Propagation along a transmission line was a particular 
example of wave tion and might therefore be 
treated either by field impedances or by circuit imped- 
ances. The treatment in terms of ordinary circuit 
impedances was most convenient when only the total 
energy Crossing planes normal to the transmission was 
being considered and no account need be taken of the 
distribution of energy flow over such a plane. The 
analogous treatment in terms of field impedance, 
however, recognised the existence of a distribution of 
energy flow over planes normal to the transmission 
line with the result that this treatment was directly 
applicable to almost every elementary aspect of wave 
transmission. 








SHEET AND STRIP METAL USERS’ TECHNICAL ASSOCIA- 
TION.—Arrangements are being made for the winter 
conference of the Sheet and Strip Metal Users’ Technical 
Association, 49, Wellington-street, Strand, London, 
W.C.2. This is to be held in London on January 31 
and February 1, 1947. Five technical sessions will be 
held in the course of the two days and a banquet will 
take place on the evening of January 31. Further 
particulars may be obtained from the honorary secretary, 


be | action against those decent employers, both federated 


LABOUR NOTES. 


Werrtrno in the Trade Report of the United Pattern- 
makers’ Association before the agreement on the 
wages — was reached with the ineering and 
Allied Employers’ National Federation, Mr. Beard, the 

secretary of the union, reviews the proceedings 
eading up to the giving of the strike notices. He begins 
with a declaration that the members have never been 
“hostile.” ‘‘ As a craft,” he says, “‘ we have, indeed, 
been involved in fewer disputes than any other union 
in the industry, and it is true to say that the skill 
required to do our job, with the development and 
specialisation in wood, metal, and plastics, is not 
understood or appreciated by many employers—even 
by fellow craftsmen. When one recalls that pattern- 
making was the only trade in the engi industry 
which it was found impractical to dilute in two major 
wars, and, further, that the number of patternmakers 
has increased during the past 20 years, while the pro- 
portion of engineering craftsmen in relation to semi- 
skilled men has decreased by at least 30 cent., 
there is surely a clear indication as to who have been 
largely — for the mechanisation of industry 
which has brought greater earnings to the lesser skilled 
worker in the industry.” 





The “ amazing disparity in earnings for similar work 
and effort, and the differences in rates between shop 
and shop in the same towns and between district and 
district,” are emphasised by Mr. Beard, who says, in 
conclusion, “‘ We regret very much having to consider 


and non-federated, who already pay what we are 
requesting, and, in many cases, more than we require, 
but they will understand our position in this matter. 
Although highly organised, our membership is spread 
throughout industry.” 


The main application of the Association was, it will 
be recalled, for a minimum basic rate of 3s. an hour. 
Agreement with the employers was reached on the 
basis of an increased compensation bonus to plain 
time workers, and “as far as possible” an extended 
application of the principle of payment by results. 





Commenting upon the dings at the Brighton 
Trade Union Congress, Mr. Beard regards it as clear 
that as a “result of years of fighting for wages and 
conditions, the spirit of materialism is much in evidence 
just now.” “ This was,” he goes on, “ to be expected ; 
but a community outlook and a team spirit will, 
obviously, pay the best dividends while we are develop- 
ing a changing economy. We are, however, entitled 
to expect many things—for instance, a reasonable 
payment for skill, the promise of a shorter working 
week, and so on—but these must be obtained as a 
disciplined force, having a realisation of all the diffi- 
culties involved and the immediate needs of production. 
The structure of our economy is very involved and 
complex—so involved, indeed, that all of us are 
dependent in some way.” 


“* For instance,” Mr. Beard continues, “‘ at the recent 
Congress, the miners’ leader, Arthur Horner, stated 
that if there was no coal our economy would collapse, 
the bakers’ representative said that even the miners 
could not work without bread, and the iron and steel 
delegate stated that, without steel, houses and factories 
could not be built and full employment could not be 
developed. The same obviously applies to textiles, 
etc., and even to the patternmaker without whose 
knowledge and skill very little development could take 

lace; indeed, mechanisation would fail without the 

i skilled crafts in the engineering industry. That 
is why there should be not only a complete realisation 
of skill, but a recognition of it in a tangible form to 
compensate for lack of the means of obtaining increased 
earnings in these highly skilled crafts where a measure- 
ment of output is so difficult as to become unfair. 
There is a tendency for the big battalions to call the 
tune in these days of scarcity and they most certainly 
dominate Congress p ings.” 





The following letter from a Tyneside member ap 
in the monthly Trade Report of the United. Pattern- 
makers’ Association. ‘As the question as to value of 
arbitration from the T.U. standpoint seems to be a 
bone of contention within the society, may I make the 
following points? Our experience of Tribunal Awards 
has not been a happy one. Every award given over 
the last five years has fallen far short of our hopes. 
But this does not, in my view, mean that Tribunals 
cannot be made to function in our interests. As the 
Tribunals are set up and their personnel chosen by the 
Minister of Labour, their awards obviously reflect 
Government wages policy. The Tribunals are the 
instruments of the Government. If the Government’s 





Mr. A. McLeod, at the address given above. 


this will be expressed in Tribunal awards. Therefore, 
if we want better results from arbitration, we must 
change the Government’s wages policy which seems to 
be one of keeping wages down while prices continue 
to rise. I believe the Tribunals can play a big part in 
taking much of our national wealth out of the hands 
of the rich capitalists and transferring it t6 the pro- 
ducers—the manual and technical workers. The 
Government’s wages policy must change, however, if 
this is to happen.” 





In a written reply to a question in the House of 
Commons last week, Mr. Dalton, the Chancellor of the 
Exchequer, stated that a guaranteed week at full-time 
rates is shortly to be introduced in all Government 
industrial establishments. The conditions attached to 
the concession have been embodied in an agreement 
to which the official side and the trade-union side of the 
Joint Co-ordinating Committee for Government Indus- 
trial Establishments are parties. 





Under an agreement reached at Manchester last week 
representatives of the Master Cotton Spinners’ Federa- 
tion; the National Union of Enginemen and Firemen, 
Mechanics and Electrical Workers; and the National 
Engineers’ Association, over 1,500 firemen and engineer- 
ing mechanics in Lancashire cotton mills are now 
working a five-day 45-hour week. The reduction is 
not to involve any loss of pay. The operatives are also 
eligible for the 75 per cent. guaranteed minimum wage 
conceded to spinning and weaving operatives on the 
withdrawal of the Essential Work Order. 





In an effort to ease the traffic conditions in Central 
London by staggering working hours, the Ministry of 
yen ge — wy Ra . conference in each of 

areas which it ‘or the purpose. re- 
sentatives of large firms, local authorities, a 
of commerce, trade associations, and trade unions, are 
to be invited to the meetings, which are to be held as 
soon as possible. Each conference will select a group 
leader who is a prominent local personality and his 
duty will be to form a transport group for that particular 
— ayers. of vo gocrraarer andl of employers, em- 

lo , and ti rt i A questionnaire 
Tal Uo cent to. Gil lanes cusaestae 0s Sls cite ooking 
for information ing the hours i 
em start and stop work. The replies received 

ill be summarised, and the group ers in all 14 
areas will then endeavour to evolve, in consultation 
with London Transport and other transport under- 
takings, a satisfactory system of staggering working 


hours. 





A deputation from the Trades Union Congress which 
visited 10, Downing-street last week, is stated to 
have been assured by Mr. Attlee that it was the inten- 
tion of the Government to maintain the fullest consulta- 
tion with the General Council on issues affecting work- 
people. That policy would be emphasised, it was 
added, in communications to Ministers concerned. 
Friction, it will be remembered, develo between the 
Government and the General Council the Minister 
of Fuel and Power and the Minister of Food decided on 
an increase of the meat ration of mineworkers. It had 
previously been the practice to consult the General 
Council’s rationing committee on points of this nature, 
and its policy, as was known, was opposed to increases. 
The concession to the mineworkers naturally led to 
claims for similar special consideration by other bodies 
of “‘ heavy ” workers. 


According to a report issued by the Wage Section 
of the U.S.S.R. Central Council of Trade Unions, on the 
work of the special evaluation and disputes boards 
to which industrial disputes are referred, the experi- 
ence of the boards shows that the claims of wage 
earners and salaried employees against m ents 
are, as a rule, justified. For example, from to 
September, 1945, the board in an important under- 
taking examined 106 cases, of which 97 were settled 
in favour of the workers. Another board examined 
310 cases in 1945, and 247 of the decisions supported 
the workers’ claims. In another undertaking, the 
management refused, in five cases, to comply with the 


pears | board’s decisions; the trade-union committee of the 


undertaking took the dispute to the people’s court and 
the management was obliged to submit to the decision. 





Under the New Zealand Shops and Offices Amend- 
ment Act, 1936, shop assistants could not be employed 
for more than 44 hours a week. The Shops and Offices 
Amendment Act, 1945, reduces the hours of shop 
assistants to 40 a week, excluding meal times. If the 
meal time allowed exceeds one hour, time in excess of 
one hour is to be regarded as time worked. Hours in 
excess of 40 a week must be paid for at overtime rates. 
Hotel and restaurant employees are excluded from these 





policy is one of high, or, alternatively, stable wages, 








provisions. 
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NOTES ON NEW BOOKS. 

‘“* Mechanical World” Monographs. No. 
Works’ Technical Information Service. By R. 
Howarp, A.M.I.Mech.E. Emmott and Company, 
Limited, 31, King-street West, Manchester, 3. ice 
Is. 6d. net.) 


Tue author of this monograph does not profes to 
have written an exhaustive treat'se on the subject ; 
neither could he in the space allowed, but he has suc- 
ceeded in showing the value to a works of a technical 
information service, and in outlining the bas‘s of such 
a service. In suggesting that book reviews should be 
watched, for obv ous reasons, Mr. Howard says that it is 
usually advisable to borrow the book before purchasing 
it, ““ as reviewers seem to have varying scales of value.” 
The value of a technical book is subjective, not objec- 
tive, and the reviewer should indicate to whom it wil] be 
valuable. To the engineer who has not made a special 
study of information services, the prevent 
will form a uweful introduction and the author has 
wisely suggested other sources of information on the 
subject. While he is concerned with e:tablishing an 
organisation to provide information, engineers have a 
reciprocal respon ibility to publish the results of their 
researches and developments. 


Combustion and Modern Coal-Burning Equipment. By 
J. Lestre Carron, A.M.I.Mech.E., M.Inst.F. Sir 
Isaac Ptman and Sons, Limited, Parker-street, 
London, W.C.2. [Price 10s. 6d. net.] 


Tue title of th’s little book might lead a potential 
purchaser to expect much more than it conta‘ns, both 
in qual'ty and quantity. Criticism is somewhat d's- 
armed, however, by the statement in the preface that 
the reader is assumed to be non-technical. He is, 
indeed, cons‘dered to be so uninformed ing the 
burn'ng of fuel that the ron “ The of 
Combustion ” ignores even the simplest of the calcu- 




























hunting shown was continuous throughout the time 
the power mentioned was maintained 

Two boilers were steaming in parallel, but each 
boiler was fed by its own feed pump and the discharge 
lines of the two bo'ler-feed ps were isolated. The 
water level in each boiler fluctuated about 8 in. with 
@ periodicity of about 3 to 4 minutes, and the peaks 
of the fluctuations in one boiler coincided in time 
with the troughs of the fluctuations in the other boiler. 
The variation of the water level in a boiler caused the 
boiler feed-water regulator to vary between its full- 
open position and the completely closed position, with 
the corresponding variation in feed flow into the boiler. 
The variation in the feed flow through the feed heater 
caused the auxiliary exhaust pressure to fluctuate, 
with a corresponding swinging in the speed of the 
various auxiliar'es. S'milar readings from the same 
pair of bo'lers at the same power of 24,000 shaft borse- 
power with both boilers steaming in parallel, but with 
one feed p feeding the two boilers, showed that the 
general dodister of the water-level fluctuations was 
the same, but the feed flow varied with the opening 
and closing of the feed regulator on each boiler, and the 
periodicity of the fluctuations of the feed pump and 


FEED DISTRIBUTION AND HUNT- 
ING IN MARINE WATER-TUBE 
BOILERS.* 

By H. Hiruter, 0.B.E. 

Tae data and experience outlined in this paper 
concern the phenomenon of hunting in water-tube 
boilers des'gned for, and operating in, naval ships and 
they are given in the chronolog'cal order in which they 
were obtained. The difficulties which were experienced 
occurred in the years before 1939 and were el'minated 
before the war started. It is considered that the 
principles outl'ned are fundamental to practically all 
classes of boilers, both land and marine, and require 
to be considered carefully—for boilers in which the 
ratio of the volume of steam below the water level to 
the volume of water vares considerably between no 
load and the full load of the bo‘ler. It is important to 
distinguish between irregular changes in the boiler 
water level and rh ical and continuous variation 
in the water level. Normal changes in the rate of 
steam draw-off and the rate of fuel combustion cause 
irregular changes in the boiler water level, as do dirt 
or foreign mater'al or any other cause which results| the auxiliary exhaust pressure was half the riodicity 
in stick'ness of the feed regulator. When hunting| of the ate tenet Sintestions. Similar vate were 
occurs, the changes are quite regular, with a definite | obtained at 32,000 shaft horse-power with the two 
time-cycle, and with an ampl'tude which is repeated | boilers in parallel and separate feed pumps. At powers 
continuously. That hunting is completely eliminated | above 58,000 shaft horse-power, no hunting was experi- 
by suitably arranging the discharge of the feed water| enced; and a showing the conditions which 
into the boiler. : _. | prevailed at the power of 72,000 shaft horse-power 

The first two arrangements of internal feed piping | was in striking contrast with the conditions when hunt- 
fitted in boilers of the three-drum type in naval vessels | ing was experienced. The curves of the graph of the 
during the period 1919-39 are shown in F'gs b and 2, | 32.000 shaft horse-power test, for the water level feed, 
opposite. The first arrangement (F'g. 1) was fitted in a , and feed-pump nozzle steam pressure have 
large number of boilers. It was a single internal feed eo replotted in Fig. 4, opposite, on a comparable level 
p pe arranged down the middle of the steam drum and | to show how they varied in synchronism. This figure 
immediately over the fire row tubes. No hunting was | also shows more clearly the ing of the fluctuations 
exper'enced in these ships. The p'pe was perforated | between the two boilers. e readings were taken 
with holes which were evenly ptched along the | every 20 seconds, with one pump feeding each boiler and 


lations relating to the subject, wh'ch is treated almost | !epgth of the p'pe. The data of a typical des’gn are | aj] pump discharge cross-connections closed. Feed and 
at poner yaa level. The real of the book consists |** follows: ful A rad evaporation, 160,000 ib. Per | nozzle box pressure are plotted between the limits pre- 
ma‘nly of br ef general descriptions of smal] mechanical | hour ; diameter of p'pe, 44 in. ; velocity through p'pe, | scribed by the feed reguletor-va 


stokers and other apparatus, illustrated ma nly from 


the makers’ catalogues, A few standard types of | ! 


steam bo lers are also described, but more attention 
is given to elementary information about domestic 


of drop : 
total area of perforations 







lve opening. 

The difficulties exper'enced directed attention to the 
distribution of the feed water in the steam drum. The 
perforations of the internal pipes were graduated in 
number and pitch throughout the length of the steam 


6-45 ft. per ; veloc'ty through perforations, 
1-43 ft. per second; velocity head in p'pe, 7-77 
perforations, 0-99 in.; ratio 


= 4-5:1. Of the total per- 





heating and hot-water supply systems. In the circum- 
stances, the pr'ce seems somewhat high, even allowing 
for modern costs of production. 





The Institute of Petroleum Electrical Code. The 
Institute of Petroleum, Manson House, 26, Portland- 
place, London, W.1. [Price 5s. net.] 


Tose concerned with the installation and use of 
electrical apparatus have the guidance of a number of 
codes and rules. The chief of these are the ations 
issued by the Electricity Commissioners, the M‘nistry 
of Labour, and the Institution of Electrical Eng neers. 
Books of rules are also issued by electricity-supply 
undertakings and local authorities, and information 
bearing on the same matter is contained in several 
British Standard Specifications. Although these var- 
ious publications, taken together, might be expected 
to form a complete guide to the safety aspects of tlec- 
trical installations, conditions in the petroleum industry 
are, in many cases necessarily, so inherently dangerous 
that the Institute of Petroleum is fully justified in 
issuing a special code drawn up to cover the particular 
em met with in the winni and 
ing 


winning, transport 
of inflammable liquids. It is stated that a 
survey has shown considerable diversity of practice 
to exist on oilfields and in refineries and installations 
overseas. The new code, which has been published 
by the Institute, embodies the results of an examination 
of the practice adopted by the major British oil com- 
panies, and although it is concerned only with the 
particular problems of the petroleum industry, doeg 
not attempt to supersede existing codes. The various 
British regulations, and also those of the United States, 
are quoted freely and adopted where er we 
Covering every phase of the industry with which it is 
concerned, from the oil well to the delivery of the 
finished products, the code is more comprehensive 
than many earlier ones and brings together information 
and instruction which a user might otherwise have to 
seek in a number of sources. Examples of this are 
furnished by the consideration of the rs of static 
electricity and the methods of rae with it, and of 
lightning protection. On the latter subject, the British 
Code of Practice, and that of the National Bureau of 
Standards of the United States, are quoted and utilised. 
The new code is conveniently arranged, being divided 
into sections concerned ively with Definitions, 
Schedules and Rules and should be easy, of application 
by those for whom it is intended. It should finally 


forations, 15 per cent.. were in a Y-p'pe joining the main 
and auxiliary feed check 4 
of the drum. 


which two internal feed p'pes wers fitted, one on 
each side of the drum, the perforations being arranged 
to discharge the entering feed water towards the 
outer tubes in the drum so that the relatively cold 
entering feed water 
were operating as 
design was to increase the circulation in the bo'ler and 
so permit of h‘gher ratings with safety. 


some cruisers, the hunting being 
of water level in the gauge glass when the boilers were 


all other 
load that no appreciable 


much more serious hunting took place, the swing of 
the water level in the gauge glass being of the order 
of 8 in. The more severe hunting which occurred in 
this ship 
of considerab! 
in the 


higher ratings led to the introduction of the circulation 
augmentor which isolated the discha: 
water from the w 
the water in the steam drum. The boilers first fitted 
with augmentors were 
——— pipes similar to Fig. 2, and as shown in 
ig. 3. 
arranged in each wing of the steam drum 
water level ; 
pitching along the length of the pipe and arranged to 
discharge outwards towards 
tubes. This arrangement was fitted in destroyers, 
cruisers, and an aircraft carrier. In all three figures 
the water level shown is that obtaining at full power. 


experieni 
Fin 2, careful records were obtained by a number of 
observers of the fluctuations in the feed system and 
the boilers. The 
20 seconds, synchronised by 


a 
the 






























drum with the object of obtaining an even distribution 
of feed water rovgnons the length of the pipes. It 
was thought that the rise and fall of water in the 
gauge glasses might be caused by a surge of water 
from the back of drum to the front, vice versa, 
with a co ing variation of water level in the 
feed regulator float box and corresponding variation 
in the feed flow the regulator into the boiler. 
A considerable number of calibration tests were, 
therefore, made with various designs of interna] feed 
pipes. Fig. 5, o ite, shows the dimensiors and per- 
forations of the design of internal pipes which was in 
use, and the calibrations obtained at various feed flows 
up to the maximum are given and shown diagrammatic- 
ally. The upper hatched area A shows the total feed 
flow into the drum at the rate of 160,000 Ib. per hour. 
The area B bounded by a dotted line is the flow at the 
rate of 80,000 Ib. per hour; the area C bounded by a 
full line that of 40,000 Ib. per hour, and the area D, 
bounded by a chain-dotted line, that of 20,000 Ib. per 
hour. The two areas marked E, represent the propor- 
tional area through the perforations along the length 
of the pipe. The lower hatched area represents the 
distribution of feed water into the drum at full power 
through the main check valve. The ratio of the total 
area of perforations to area of pipe is 4-16. A tray 
collected the water sprayed from a given section and 
directed it into a calibrated tank in which the flow 
was measured. Slight variations in the position of the 
holes, inclination of the pipes, and the position of the 
inlet relative to the two perforated pipes caused 
appreciable differences in the outflow of water at the 
various arbitrary sections of the perforated pipes. In 
the boilers, the perforations were arranged at the sides 
of the pipes, but the pipes were submerged. It was 
consideréd that the conditions inside the boiler drum 
were most closely simulated with the perforations 
arranged at the top of the pipes during the calibration 
tests, because this casunedl that the pipe ran full at 
all rates of feed flow. It will be seep that, although 
the perforations were reduced in area from the front 
to the back, the outflow increased from the front to 
the back, and, at heavy feed flows, no water was 
discharged from some of the front sections of the pipes. 
This point is clearly shown by Fig. 6, page 550, which 
corresponds to the conditions shown diagrammatically 
in the area A, Fig.5. The different areas of Fig. 5 show 
a single time-signal. In | that unever distribution obtains, and that the momen- 
graph of the fluctuations at 24,000 shaft horse-power, | tum of the water along the pipes caused the distribution 

re covers a period of 20 minutes, but the | to be much greater towards the back end of the pipes. 


area of p pe 
connections at the inlet end 
The second arrangement is shown in Fig. 2, in 


into the outer tubes which 
comers. The object of this 


With this 
t, very sl ght hunting was experienced in 
of the order of 3 in. 


rating at about one-quarter of full-power load. At 

rs the boilers operated with steady water 
hunting was so sl ght and so localised in 
inconvenience was exper enced 
in. the operation of the ships. In one cruiser, however, 


levels. 


ec we: were 
ly larger capacity than pum 

other sh‘ps with similar boilers. <3 
De it in the design of boilers to operate at 
of steam and 
tubes from remainder of 
provided with twin interna! feed- 
A perforated feed-distributing pipe was 
iow the 
the perforations were graduated in 


the outer downstream 


Referring to the cruiser in which severe hunting was 
with internal feed piping as shown in 


readings were taken at intervals of 





be said that the Council of the Institute of Petroleum 
consider this code to be provisional only and that, as 
determined by experience and the views of the industry, 


Engineers, 


The feed entered the drum at the main feed inlet and 
this gave a slight og soe flow to the right-hand 


* Paper read before the Institution of Mechanical 
as shown b The flow is at the 


London, on Friday, November 8, 1946. 








it may be found desirable to modify it later. 





Abridged. 


side, y diagram. 
rate of 160,000 Ib. per hour in Fig. 6. 
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To obtain even distribution, it was clearly necessary 
to increase considerably the velocity of the feed flow 
through the perforations relative to the velocity along 
the length of the perforated pipe. Various arrange- 
ments of perforations were tried, and the pn. 
obtained on test with an arrangement of twin feed- 
distributing pipes, with a flow of 160,000 Ib. per hour, 
are shown in Fig. 7, page 550. This arrangement made 
clear, particularly at the lower loads, that the head 
necessary to cause flow through the perforations was 
stil] very smal] and, since the pipes would be arrangedin 
the boiler steam drum below the water level, variations 
in the boiler water level, due to rolling and pitching 
of the ship, would vary the head over the perforations, 
so that the even distribution which was sought might 
not be achieved. To be quite certain of ini 
even lengthwise distribution, it was considered essential 
that the velocity of feed flow through the perforations 
should be very considerably greater than the velocity 
along the ~ a of the perforated pipe and that the 
velocity head through the perforations should be 
a jably greater than the possible variations in 
submergence due to the motion of the ship. 

These considerations led to the ing of a design 
in which the internal piping was divi into two 
parts by a transverse dia in which a compara- 
tively few perforations were provided and evenly 
a along ically the entire length of the pipe. 

velocity of water passing these holes was 
very considerable and the outer half of the pipe was 
sectionalised, and was arranged to destroy the velocity, 
and was also perforated profusely to allow the water 
to enter the boiler drum quietly. Fig. 10, 551, 
shows the details of such an arrangement nde test 
results, and it will be seen that even lengthwise distribu- 
tion was obtained. The upper hatched area A shows the 
total feed flow into the drum at the rate of 160,000 Ib. 
per hour. The area B, bounded by a dotted line, is 
the flow at the rate of 80,000 lb. per hour; the area C, 
bounded by a full line, that of 40,000 lb. per hour; 
and the area D, bounded by a chain-dotted line, that 
of 22,000 lb. per hour. The lower hatched area repre- 
sents the distribution of the feed water into the drum 
at full power through the main check valve. The 
areas marked E represent the proportional area through 
the feed pipe section X. Those marked F, the pro- 
portional ‘area through the distributing holes Y, and 
those marked G the proportional area through the 
perforations Z of the pi The distribution and the 
velocity head across the distributing perforations in the 
diaphragm can be visualised from the photograph repro- 
duced in Fig. 8, page 550, while Fig. 9, on the same page, 
shows the comparatively quiet flow of the feed water 
into the drum from the complete pipe. The flow in 
both cases is 160,000 lb. per hour. 

Feed-distributing pipes of the design shown in Fig. 10 
were fitted in two boilers in the same boiler room of a 
ship in which slight hunting had been experienced at 
partial loads during preliminary trials with internal feed 
Pipes, as shown in Fig. 2, the original feed pipes being 
left in the remaining boilers. The results were negative, 
because no hunting was experienced with any of the 
boilers during the remaining trials, and al] efforts to 
start hunting failed. Although even feed distribution 
was probably obtained, it was shown later than this 
was not the decisive factor in hunting, and the foregoing 
tests are given as a matter of historical interest and 
because graduation of perforations in internal feed 
pipes is very commonly used with the object of obtain- 
ing even distribution ; moreover, in many designs, it is 
very doubtful if even distribution is achieved, apart 
from the question of whether it is necessary. 
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The next development was the introcuction of the 
circulation augmentor, which isolated the discharge of 
steam and water from the upstream tub2s from the 
remainder of the water in the steam drum. The 
arrangement of internal feed piping in the early boilers 
provided with a circulation aungmentor was that. shown 
in Fig. 3, in which a pipe with graduated perforations, 
arranged along each side of the drum, discharged 
outwards towards the outer downstream tubes. With 
this arrangement, much more serious hunting occurred, 
and it was. experienced in destroyers, cruisers, and an 
aircraft carrier. In most ships, the severe hunting 
was confined to loads round about one-third of full 
power, but in some cases hunting was experienced at 
all powers up to, and including, full power, the hunting 
being of the order of 8 in. to 10 in. in the gauge glass, 
with a periodicity of about 3 min. to4 min. The hunting 
took place only when two or more boilers were steamed 
in parallel, perfectly steady operation being obtained 
when each individual boiler was operated alone. The 
hunting fluctuations were eliminated when the internal 
feed pipes were raised so as to spray the incoming feed 
water into the steam space. Fig. 11, opposite, shows 
the first arrangement of hse feed piping for this 
purpose arranged in the aft boiler room of a cruiser. The 
hunting was eliminated at all powers. Similar internal 
feed p'ping was fitted in the. boilers of the various ships 
where hunting was being experienced, and in each 
case steady boiler operation was obtained at all 
powers. 

To understand the factors at play when hunting 
occurs, it is necessary to consider the circulation of the 
water in the boiler and the conditions essential to give 
the equilibrium which is necessary for steady boiler 
operation. In a boiler which has a circulation caused by 
thermo-syphonic action, such as the three-drum type 
of boiler commonly used in naval practice, the tubes are 
divided into two groups, one group acting as down- 
stream tubes, in which the water passes from the 








Fie. 8. 


steam drum to a water drum, and in the other group 
water and steam pass upwards to the steam . 
The generation of steam in the upstream tubes of the 
circuit is more vigorous than in the downstream tubes, 
so that the difference in the density of the water-steam 
mixture in the two groups of tubes starts a circulation 
as soon as the generation of steam is commenced. 

This circulation quickly rises to a maximum and 
thereafter falls steadily as the load is increased, because 
the greater volume of steam associated with the 
increasing boiler load creates an increasing frictional 
resistance to flow which rises more rapidly than the 
density difference, with the result that the mass-flow 
in circulation falls as the boiler load rises. From data 
available, the mass-flow of water in circulation at full 
power in a typical naval boiler is of the order of eight 
times the rate of evaporation, and at this ratio one- 
eighth of the water entering the downstream tubes is 
evaporated by the time it completes the circuit. This 
ratio varies with the boiler load and with different 
boiler designs, but is given as a rough approximation 
for purposes of illustration. The volume of steam 
generated is extremely large com with the volume 
of water in circulation, so that the density of the water- 
steam mixture leaving the upstream sores at full 
power, taking a boiler pressure of 400 lb. per square 
inch, is of the order of one-eighth of the water entering 
the downstream tubes. 

At any given, boiler load between zero and full power, 
there is a particular volume of steam below the water 
level and a icular mass-flow of water in circulation 
and the two are definitely associated with one another at 
that boiler load. For steady boiler operation, all the 
factors concerned in the boiler circulation must be in 
equilibrium, and when a boiler is in equilibrium the 
heat transferred from the fuel to the water generates 
steam at a rate equal to the rate at which steam is 
taken from the boiler; and the feed flowing into the 
boiler must be equal to the rate at which the steam 
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leaves the boiler. Under these conditions, there will 
be a steady water level in the gauge glass. 

The heat transferred from the fuel across the boiler 
heating surface adds sensible heat to the feed water 
entering the boiler until it reaches boiling point, then 
adds the latent heat to the feed water to cause the 
water to evaporate into steam. If the boiler is pro- 
vided with a superheater, a further amount of heat 
is added to superheat the steam before it leaves the 
boiler. The heat acquired by the steam therefore 
comprises three ee a ge heat, latent heat, 
and superheat. For equilibrium, the fuel combustion 
rate, the feed water flow, and the steam flow from the 
boiler must be steady and in equilibrium for the required 
rate of steam generation. If, for a constant rate of 
fuel combustion, the rate of the feed flow into the boiler 
is varied, the amount of sensible heat required will be 
reduced if the feed flow is reduced and increased if the 
feed flow is increased. An increase in feed flow, there- 
fore, leaves less heat available for latent heat and super- 
heat} with the result that a smaller weight of steam 
is generated with an increased feed flow, and vice versa. 
The equilibrium of the boiler can be disturbed by an 
increase or decrease in the rate of feed flow, or by an 
increase or decrease in the rate at which steam is taken 
from the boiler, or by an alteration to the rate at which 
fuel is burned in the combustion chamber. Normally, 
the rate at which steam is drawn off from the boiler 
is varied to suit the demands of the prime movers. 

The change in the rate of steam drawn off is followed 
by a changing rate of feed flow ; and the fuel combustion 
must, of course, be adjusted as quickly as ible to 
match any change in the rate of steam draw-off so 
as to produce equilibrium again between the various 
interdependent factors at the new rate of steam draw- 
off. When a change in the rate of steam draw-off 
takes place, the volume of submerged steam must 
change accordingly, and the circulation rate must 
change to correspond with the changed volume of 
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submerged steam and the new rate of evaporation. 
Further, if a change in the rate of evaporation is made, 
due to any cause whatsoever, whether by changing the 
steam flow, the feed flow, or the fuel rate, there must 
inevitably be a time-lag before the co i 
volume of steam is reached in the circulation circuit 
with the required change in the rate of circulation. 
Equilibrium between all the factors concerned is 
obtained only when the volume of water in the boiler 
has been altered, either by evaporation or additional 
feed supply, as the case may be, to cause the volume 
of water in the boiler to correspond to that which must 
necessarily be associated with equilibrium at the new 
rate of evaporation. 

Fig. 12 illustrates the volume of water and the 
volume of steam submerged below the water level in a 
boiler at different loads. The proportion of steam to 
water is based on the data given by ineer Captain 
(now Rear-Admiral) 8. R. Dight.* 1 the boilers 
covered by the data in this present paper were provided 
with automatic boiler-feed regulators of the continuous- 
feeding type, which were controlled from the boiler 
water level. The feed regulators were a 80 
that the water level in the regulator float box was 





Trans. 


* “Naval Water-Tube Boilers,” 
vol. 78, page 54, (1936). 
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substantially the same as the water level in the boiler 


gauge glasses, so that the water level, as shown by the 
gauge glass, fell from a high level H, at zero boiler load, 
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to a lower level L at the feed flow co: nding to the 
maximum eva’ tion of the boiler, with an inter- 
mediate water level for any co ding intermediate 
boiler load and feed flow. At aslightly lower level than 
L, the boiler-feed regulator is opened to its maximum 
extent to pass the maximum feed flow of the feed 

p into the boiler. In general], boiler-feed pumps 
or naval ships are usually provided to give a maxi- 
mum feed flow 30 a! cent. greater than the maximum 
evaporation of the boiler, but, when operating at partial 
boiler loads, auxiliary steam nozzles op the boiler-feed 
pump turbine may be closed to obtain economy in 
steam, and this reduces the maximum feed flow of 
the feed pump. When a boileris in opefation, a mixture 
of water and steam bubbles is in ci: tion and a similar 
mixture is present in the steam drum. The water in the 
gauge glass is free from steam bubbles and its height 
represents the equivalent height of water steam mixture 
in the adjacent portion of the steam drum measured 
above the level of the bottom connection to the gauge 
glass. The gauge glass, however, gives the visual 
measure of the approximate water level inside the 
boiler, and, for the purpose of this paper indicates 
sufficiently closely the variations of the water level 
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inside the boiler steam drum. The line H L is, there- 
fore, assumed to represent the boiler water level as 
it falls from zero boiler load at H to the maximum 
boiler evaporation at L. 

The line H K is based on Rear-Admiral Dight’s tests. 
In these tests, a glass was connected to the 
bottom of the water pocket and the line H K represents 
the height of “‘ solid”’ water recorded in that gauge 
glass at different boiler loads and, therefore, is a measure 
of the height of the water-steam mixture in the boiler 
above the bottom gauge glass connection to the water 
drum. This gauge glass, when used im ‘conjunction 
with the normal gauge glasses on the steam drum, 
enables a close approx’mation to be made to the steam 
volume present below the water level in the steam drum. 
The diagram shows clearly that the volume of steam 
below the water level increases steadily as the boiler 
load increases and that, for any given rate of steam 

ration, there is a co ing volume of steam 
below the water level. er, the volume of steam 
below the water level at full r is very considerable, 
being equivalent, in the boiler under consideration, to 
the volume of three tons of water (the weight of water 
at no load being 10 tons). In a test made on a three- 
drum naval-type boiler of foreign design, suitable for 
15,000 shaft horse-power, it was found that, following 
a complete shut-down at full power, 4} tons of water 
were pumped into the boiler to bring the water level 
up to the level at which the feed regulator closed. The 
total weight of water in the boiler at that level was 
12 tons. The volume of 4} tons of water co 
to the volume of the submerged steam at full power. 

In Fig. 12 the boiler is drawn to scale ‘and the 
ordinates represent heights, the base being the bottom 
of the water pockets. The height of the steam-water 
mixture in the steam drum is slightly above the line 
H L starting from H. If the mixture could be separ- 
ated into steam and water, the height of the water 
plotted against boiler load would be as shown by the 
line H K and, as a close approximation, the steam can 
be assumed to be the difference between the lines H L 
and HK. The line H K shows the height of “ solid ” 
water which would obtain at any given boiler load if 
steam generation were completely stopped and no addi- 
tional feed water were discharged into the boiler. For 
any given rate of steam. generation, there is a corres- 
ponding volume of steam below the water level, and 
this volume increases as the boiler load increases. When 
an increase in the generation of steam occurs, due either 
to increased fuel combustion or to increased steam 
draw-off before the fuel rate has been increased, the 
first effect is to increase the volume of steam below the 
water level to that which mds to the increased 
boiler load, and this raises the boiler water level very 
quickly, but temporarily, and the effect is usually 
termed “‘ swelling.” 

Conversely, when the steam draw-off is reduced, the 
volume of steam below the water level is reduced and 
causes a fall in the water level; this is a temporary 
effect and is usually called “ subsidence.” rves 
FGJ, MNP, and QRS have been given in Fig. 12 
to show the magnitude of swelling and subsidence with 
given changes in boiler load from steady steaming at 

r cent., 50 per cent. and 75 per cent. of full boiler 
load. These curves are based on the gauge-glass water 
level H L as controlled by the feed regulator, the height 
of equivalent ‘“ solid water present as shown by the 
line H K, and the volume of the steam inside the boiler 
tubes and below the level of the water in the steam 
drum assumed to be approximately the difference 
between the lines H L ai K. 
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Assume the boiler is steaming at 50 per cent. full load, 
O B, then the water level in the gauge glass will be as 
shown by N, and the proportions of water and steam 
below the water level are shown by BT and TN, 
respectively. If the steam draw-off is now increased 
to OC, the first effect is to increase the volume of 
steam below the water level to U V, corresponding to 
the rate of steam generation of OC, and this immedi- 
ately raises the water level to W as a swelling effect, 
where T W is the equivalent in volume to UV. This 
occurs quickly; the feed regulator is affected by the 
rise in water level and cuts off the feed flow into the 
boiler until the level falls to H, due to the evaporation 
which is taking place, and then gradually opens to 
an increasing feed flow as the level falls to V when 
the feed flow and steam draw-off are in equilibrium at 
OC. When equilibrium is reached, the water in the 
boiler has been reduced from BT to CU, and the 
volume of steam below the water level is now repre- 
sented by U V. 

The first and temporary effect, therefore, of an 
increase in the steam draw-off is to raise the water 
level by swelling, which reduces the feed supply until 
the effect of the reduction in feed supply and the 
steam draw-off lowers the water level to that associated 
with equilibrium at the new rate of steam draw-off. 
During this period, the fuel rate must be adjusted so 
that equilibrium is obtained with the new rate of steam 
draw-off and feed flow co mding to the level V. 

If the steam demand is reduced from a steady steam- 
ing condition with a steady water level, the immediate 
effect is to cause the water level to fall due to subsidence. 
Assume the boiler is steaming at 50 per cent. full load 
with a steady water level at N; steam volume 
below the water level is represented by the ordinate 
TN. If the rate of steam generation is suddenly 
reduced to 25 per cent. full load, O A, the first effect 
is to reduce the volume of steam below the water level 
to X G, and this immediately causes the water level 
to subside to the level Y, where Y N is equivalent in 
volume to TN minus XG. When the water level 
falls to Y, the feed regulator opens wide and allows the 
feed pump to discharge into the boiler an increased 
rate of feed flow which is much greater than the rate 
of steam draw-off, so that the water level rises until it 
reaches the level G. The feed regulator closes as the 
water level rises and reduces the rate of feed flow into 
the boiler until] the rate of feed flow equals the rate of 
steam draw-off with a steady level at G. The first and 
temporary effect, therefore, of a reduction in the rate of 
steam draw-off is to cause a sharp fall in the water level 
due to subsidence, which increases the feed supply until 


the increased feed supply raises the water level to that 
associated with ilibrium at the new rate of steam 
generation. 


During this period, the fuel rate must be adjusted so 
that equilibrium is obtained with the new rate of steam 
draw-off and feed flow corresponding to the level G. 
Curve FGJ shows the subsidence and swelling for 
changes from a steady steaming rate of O A, while 
curve MNP shows the subsidence and swelling for 
changes from a steady steaming rate of O B. rve 
Q BS shows the c if the load is varied from a 
steady boiler load of OD. The curves show heights, 
but they have been plotted to allow for the volumes 
of steam and water corresponding to the changes in 
boilerload and taking into consideration the dimensions 
of the boiler drum and tubes. Swelling and subsidence 
are caused either by a change in the rate of steam 
draw-off or a change in the rate of fuel combustion, 
and the curves illustrate the magnitude of the water- 
level changes which occur when sudden changes are 
made in the rate of steam draw-off or the rate of fuel 
combustion. 

There is another factor which must be considered 
when such changes are taking place; when the steam 
draw-off is increased above the rate of fuel combustion, 
the boiler pressure falls and, conversely, the boiler 
pressure rises when the steam draw-off is reduced below 
the rate of fuel combustion. This has an effect on the 
water level due to the change in the specific volume of 
the steam in the boiler as the pressure changes, but the 
effect is so slight as to be negligible. At any given 
boiler load, it is clear that there is a particular volume 
of steam below the water level, with corres i 
densities in the downstream and upstream legs of the 
circulation circuit, which produce a rate of circulation 
associated with that volume of steam below the water 
level and that particular boiler load. With steady 
boiler operation at a given load, the following factors 
must match at a given water level: the rate of feed 
flow, the rate of steam draw-off, the rate of fuel com- 
bustion, the volume of steam below the water level, 
and the rate of boiler circulation. The hunting which 
has been illustrated is due to the existence of a con- 
tinuing time-lag between the rate of feed flow corre- 

ing to a water level and the rate of steam gener- 
ated, the rate of boiler circulation, and the steam volume 
below the waterlevel, which should have been associated 
with the rate of feed flow and that water level. 
(T'o be continued.) 
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ELECTRICAL APPARATUS. 


580,239. Electric-Motor Protection. The British 
Thomson-Houston Company, Limited, of London, and G. 
Tabberer, of Coventry. (3 Figs.) January 2, 1945.— 
Theinvention is a thermally-responsive device for provect- 
ing electric motors against abnormally high temperatures 
that may arise during running. The shaft of the electric 
motor carries at one end a commutator 3 which is enciosed 
by a commutator end shield structure. The shaft is 
carried at the commutator end in a ball bearing in the 
end shield. In the end of the shaft is an axial bore 7, 
having an enlargement 8 near the ball bearing. In the 
enlargement is a bush which holds the tube 10 of a ther- 
mally-responsive protective device. The tube is closed 
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at one end and is connected at the other to a switch. 
The tube 10 is held in position by a retaining strap 12 
fitted on the end shield. The commutator end of the 
shaft rotates round the tube 10. Upon a sufficient 
rise in the temperature of the liquid in the tube 10, 
caused by a rise in temperature of the commutator 3, the 
switch is operated to interrupt the circuit through the 
leads 14. The device is external to the main motor 
assembly and can be readily detached and replaced. 
(Accepted August 30, 1946.) 


580,419. Microphone. Johnson and Phillips, Limited, 
of London, D. Douet, of Sidcup, and F. W. Read, of 
Eltham. (6 Figs.) January 1, 1944.—It is difficult to 
mount the ribbon between the pole pieces of a ribbon 
microphone owing to the strong magnetic field. The 
invention overcomes this difficulty. A corrugated ribbon 
1 of aluminium is held in the narrow gap between two 
long parallel pole surfaces of the pole pieces 2 and 3 of 
opposite polarity. If the ribbon is subjected to sound 
waves and vibrated, it will traverse the magnetic field 
and generate an electrical potential between its ends 
corresponding to the sound waves. The ends of the 
ribbon are connected across the primary winding of a 
transformer, the secondary of which is connected to an 











amplifier. The pole pieces 2 and 3 are elongated plates, 
connected at opposite ends to two permanent magnets 
5 and 6 of U form. The magnets are in magnetic 
opposition, so that one pole piece is a north pole through- 
out.and the other a south pole throughout. By using two 
magnets instead of one, the intensity of the magnetic 
field is increased and flux density more evenly distributed. 
The plates are chamfered at their edges forming the pole 
surfaces, so that the pole surfaces are narrower than the 
plate thickness. The ribbon is mounted centrally on an 
elongated plate 7 of brass. The ribbon plate is wider 
than the ribbon, and is mounted flush against one side 
of the plates 2 and 3 with the ribbon 1 heldin position 





between the pole surfaces. The ribbon is mounted on 


the ribbon plate by insulating blocks at the two ends. 
One of the blocks is fixed to the ribbon plate and the 
other can be adjusted by a longitudinal adjusting screw 
12. The ribbon plate has a central opening through 
which the pole edges of the pole pieces and the ribbon 
between them are fully exposed. The ends of the ribbon 
1 are secured by connecting tabs to two leads from the 
input terminals of the transformer 4. The output leads 
from the underside of the transformer 4 are joined to 
the amplifier. The casing 22 encloses the whole magnet 
system, and is of elongated form with a small centra} 
projection at the bottom where the transformer 4 js 
accommodated. Both side, top and bottom walls consist 
largely of wire gauze for the admission of sound waves to 
the ribbon. Suspension lugs are fixed to the ends of the 
casing through rubber insulated glands. The ribbon 1 
and the ribbon plate 7 form a detachable assembly which 
can be readily removed from, and replaced on, the magnet 
unit. This eliminates the difficulty of mounting the 
ribbon in a magnetic field and also enables spare ribbons 
on ribbon plates to be kept ready for use as replacements. 
(Accepted September 6, 1946.) 
AERONAUTICS. 

579,976. Compressor Blow-Off Valve Control. Arm- 
strong Siddeley Motors, Limited, of Coventry, T. Clark, of 
Coventry, and L. R. Fellows, of Coventry. (1 Fig.) 
November 5, 1942.—The object of the invention is to 
control the spill valve of an axial-flow compressor 
which automatically responds to the compression ratio 
and is fully open when the compressor is stationary 
but is gradually closed as the compressor speed increases, 
being fully closed when the designed compression ratio 
is reached. The compressor consists of a stationary 
casing carrying sets of fixed blades, and a rotor carrying 
sets of rotating blades. The spill] valve is in the form of a 
throttle valve 104 in a passage-way communicating with 
the'interior of the compressor near the outlet end. The 
throttle valve carries a crank connected to a piston rod 
107. A chamber 108 containing an atmospheric capsule 
communicates with a point near the intake to the com- 
pressor by a pipe line, and a chamber 110a containing 
a plunger is connected to a later stage by a second pipe 
line. The plunger is held against a stop shoulder by a 
spring and operates a lever 115 through a connecting rod. 
This rod is located by the capsule by means of a link 
117. The lever 115, which has a pin and slot connection 
with the connecting rod, operates a piston valve 119 
through a link and is connected to the piston rod 107 of a 
servo piston 121. Fluid pressure for the servo cylinder is 
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670.978) 
supplied from a reservoir, and the passages 125 are for 
exhaust purposes. When the compressor is stationary 
at sea level, the capsule takes up a position according to 
the pressure at the compressor intake, and the plunger 
is held against its stop by the spring. As the rotor 
starts, the pressure in the compressor increases and the 
plunger is depressed against the spring and operates the 
piston valve 119 of the servo motor. The servo piston 
121 will-take up a position in direct proportion to the 
depression of the plunger. At a pre-determined depression 
of the plunger, the servo piston will come to the end of 
its stroke, when the spill valve 104 is fully closed. If 
the pressure at the compressor intake is decreased, the 
capsule will become extended and this, in turn, will move 
the pin of the connecting rod along the slot in the lever 115 
to shorten the leverage between the rod and the piston 
valve 119. This has the effect of allowing the servo 
piston 121 to move the same distance as previously 
for a shorter movement of the piston valve 119. When 
the compressor speeds up, the pressure on the plunger is 
increased and the latter is depressed, and at a smaller 
predetermined depression of the plunger, the servo 
piston will come to the end of its stroke. Thus, for any 
fixed ratio of pressure on the capsule and the plunger, the 
servo piston will travel the full length of ite stroke. 





(Accepted August 22, 1946) 
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REINFORCEMENT OF 
BRANCH PIECES. 
By J. 8S. Buatr, B.Sc., M.I.Mech.E. 
(Continued from page 533.) 


TaBLE VII, on. page 554, summarises the details 
given in Table VI, on pages 530 and 531, ante, and 
gives the mean values of the principal test results. 
It will be noticed that they have been shown 
in four groups, namely: the unreinforced branch 
pieces (there is no significant difference between 
the results from the set-on and the set-in branches, 
although, of course, the set-on branch has advan- 
tages from the point of view of fabrication); the 
compensating-ring reinforcements; the triform 
reinforcements, with which is included type TEI 





when tested in line with the barrel ; and the “‘ stress 
raiser” types, namely, the triforms with extended 
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shoe and gussets, and with extended shoe alone 
when tested in the transverse direction Table VII 
also gives an estimate of the life which would be 
expected from these reinforcements if the load, 
instead of the deflection, had been kept constant 
in the vibration tests. 

Discussion of Test Results: (a) Static Bending.— 
In general, only the values at the proportional limit 
are here considered since those at the yield point 
are usually similar, though slightly higher, but are 
probably less reliable. Figs. 78, 79 and 80, here- 
with, show graphically the bending moment/ 
deflection curves for the various test pieces both 
with and without internal pregsure, and the relation- 
ship between internal pressure and change of bending 
moment or stiffness, and Figs. 81 and 82, on page 554, 
show the relative strength and stiffness Table VII 
shows that, as regards the bending moment at the 
proportional limit, there is little to choose between 
the compensating ring and triform' types, which 
are both about twice as strong as, and one-third 
stiffer than, the unreinforced types. The gusseted 


type TG, however, is somewhat stronger. and stiffer 
than the triform, but this additional strength is 
of little use since it is associated with an extremely 
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short life in vibration due to the stress concentration 
at the gussets, It can be seen from Table VI that 
the strengih of the straight pipe is not very much 
greater than that of the triforms. As regards s.iff- 
ness, as previously mentioned, a special investigation 
was made to decermine the actual deflection of the 
branch, apart from the deflection due to flexing of 
the barfel. The results are shown in Table VIII, on 
page 554, from which it will be seen that the ratio of 
the observed to the calculated deflection is approxi- 
mately unity in the case of the triforms, both with 
and without internal pressure, but that this ratio is 
approximately 1-5 in the case of the unreinforced 
branch pieces. This indicates that the triform 
reinforcement may be considered as causing the 
end of the branch to behave as though it were a 
true cantilever, whereas in the unreinforced branch 
pieces, the constraint at this point is insufficient, 
causing approximately 50 per cent. greater deflection. 
The compensating ring type is anomalous, one 
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example showing complete constraint and the other 
insufficient constraint. The reason for the com- 
paratively high value in the case of the straight pipes 
82 and S83 is probably that, as they were supported 
on knife edges, they may have been distorted 
somewhat in cross section during testing, giving a 
greater deflection than would normally be expected. 

The stress-raising factors given in Table VI show 
the ratio between the actual yield point of the mate- 
rial and the calculated stress, and therefore represent 
the increase which would require to be made in the 
calculated stress to obtain the actual stress, since 
it is known that in these tests the proportional 
limit was reached under the conditions from which 
the calculated stress was obtained. These values 
are given to the first decimal place in the table, 
as this is probably sufficient accuracy for practical 
purposes, but Fig. 83, on page 554, shows the 
accurate values, plotted against the ratio of the 
actual internal pressure employed to the internal 
pressure required to reach the proportional limit, 
thus bringing all the results to a uniform basis. 
It will be seen from this graph that the stress-raising 
factor is greater when the branch piece has no 
internal pressure, the reduction with increasing 


pressure presumably being due to the stiffening 
effect of the pressure, which causes the walls of the 
junction point to be “ blown out.” The siress-raising 
facior becomes unity at some fraction of the internal 
pressure required to reach the proportional limit 
without bending moment applied, and the less the 
reinforcement applied to a test piece, the larger 
the stress-raising factor and the higher the pressure 
before this factor becomes unity. There is a clear 
distinction shown between the unreinforced test 
pieces and the triforms in this respect, the stress- 
raising factor for the triforms always being less 
than that for the unreinforced test pieces. The 
compensating ring forms a connecting link between 
the two, being no better than the unreinforced test 
pieces at low pressure, but practically as good as 
the triforms at higher pressures. 

It should be remembered that this stress-raising 
factor refers purely to the effect of bending and is 
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quite apart from the increase in stress which arises 
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in cases in which the Pressure Strength Ratio is 
less than unity. Thus, as can be seen from Table 
VI, hoop and longitudinal tension stresses due to 
internal pressure must first be divided by the 
Pressure Strength Ratio before they are combined 
with the bending-moment stresses to obtain the 
calculated maximum combined stress, and it is this 
latter stress which requires further increase by the 
stress-raising factor to represent the true state of 
affairs. Largely due to this decrease in stress-raising 
factor with increase of internal pressure, the effect 
of changes in internal pressure on the behaviour 
of the test piece under s' atic bending conditions, and 
also, as will be seen later, under vibration conditions, 
is comparatively small. It may be said, therefore, 
that as far as externally applied static bending is 
concerned, the triform reinforcement is the best 
and little improvement upon it would be possible 
since it already increases the strength of the rein- 
forced area beyond that of the branch through which 
the bending moment is applied. 

(b) Vibration Tests—It will be seen from Table 
VII that, of the four groups into which the test 
results can be arranged, the triforms (including TE]) 
give by far the longest life, namely, about four times 
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that of the unreinforced test pieces under fixed 
deflection conditions, and eight times under fixed 
load conditions. They are also about three times 
as good as the compensating ring. The gusseted 
and extended shoe types, when vibrated in the 
direction in which stress raisers arise, give com- 
paratively poor results, having only about half the 
life of the unreinforced branch pieces under fixed 
deflection conditions, and about the same life under 
fixed load conditions. Table VI shows that, as 
in the static tests, the compensating-ring types 
give anomalous results, one value being about 
as good as the triform, while the other is worse 
than the unreinforced types. Fig. 84, opposite, 
shows the bending moment at the proportional limit 
plotted against the vibration life, and it will be seen 
that the stress-raiser types fall well clear of the 
general line through the remainder. There are, 
however, one or two exceptional cases which are 
dealt with below :— 
Type Uo 1.—Although this test piece was only 
lightly stressed, the life was comparatively short. 
It may be that there were some peculiarities about 
this test piece, either arising from the fabrication, or 
from unnoticed variations in thickness. The differ- 
ence between this test piece and the others was not, 
however, considered sufficient to warrant disregard- 
ing the results when calculating averages. 
T1.—This test piece was unbroken even after 
10 million cycles. The conditions appeared normal, 
except’ that the internal pressure was 900 lb. per 
square inch, instead of the more usual 1,500 Ib. per 
square inch. Actually, while this reduction of 
pressure should increase the life somewhat, it would 
not be expected to make as much difference as was 
noticed here. This value has been included, how- 
ever, as it will counteract, to some extent, the com- 
paratively low value given by T4, mentioned below. 
T4.—This test-piece gave an unexpectedly 
low value of life for the triform, though there does 
not appear to be any particular reason for this. 
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Possibly this merely represents a minimum value 
likely to be obtained due to a combination of various 
adverse factors. 

Type CRI and CR2.—This type gave two very 
different values, and the question arises as to which 
should be considered as representative. The longer 
life (CR1) is associa:ed with the lower internal 
pressure and with anomalous conditions in the static 
bending test, in that a smaller bending moment was 
withstood without internal pressure than with it. 
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Static bending tests indicate that the stress-raising 
factor is greatly increased at lower pressures, and 
consequenily it would be expected thai there would 
be less difference between the vibration tests at the 
two different internal pressures than in the case of 
the other reinforcements. Observed results in the 
case of the CR type are contrary to this. The 


general indication appears to be, therefore, that the | r¢ 


least reliable of the two results is that at the lower 
pressure, namely, that which gives the longer life ; 
but it is suggested that, in view of the small number 
of tests available, the mean of the two values should 
be taken. 

If the strength of triform reinforcements be taken 
as 100 per cent., either under fixed deflection condi- 
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tions or under fixed load conditions, the following 
approximate relative life values are obtained for the 


TABLE VIII.—CoOMPARISON OF DEFLECTION AT PROPORTIONAL LIMIT. 





other types of reinforcement :— 
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Unreinforced types .. 25 10 
Compensatingring .. 35 35 
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various types in the vibration tests than in the static 
tests. In the static tests, the results fall virtually 
into two groups, the unreinforced group being 
approximately half as strong as the other, which is 
composed of the reinforced test pieces. It is interest- 
ing to note that there are three positions in which 
the vibration crack occurs, on the face or shoulder in 
the case of the unreinforced test piece, on the branch 
just above the crotch in the case of the triforms, and 
at the ends of the gussets or shoes in the case of the 
gusseted and extended shoe types. 
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Fig. 85, on this page, shows the deflection in the 
vibration tests (expressed as a percentage of the 
proportional limit) plotted against the life, and 
includes all the test results, not only those shown in 
Fig. 84, which were of tests at + 0-1 in. deflection. 
Here again, the results show a definite trend to 
which a small group do not conform, this small group 
consisting, as before, of the stress-raising types. 
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Similarly, in this graph, the same exceptional cases, 
Uol, Tl and T4, fall clear of the main curve, while 
the CR types fall one on the curve and one among 
the stress raisers. This graph indicates that the life 
of these branch pieces is dependent almost entirely 
upon what fraction of the proportional limit the 
applied deflection represents. In other words, all 
types of branch pieces (except those with stress 
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raisers) whether reinforced or not, lie on the same 
curve, but the reinforced, by having a lower relative 
stress, give considerably longer life. From this 
curve, therefore, it is possible to determine the life 
of the various reinforcements had they been sub- 
jected not to the same deflection, but each to a 
uniform vibration load, and it is by this method that 
the values given in Table VII are obtained. Figs. 86 
and 87, show diagrammatically the vibration life 
under both fixed deflection and fixed load, and 
clearly indicate the very short life of the gusseted 
and extended shoe types due to stress raisers, and 
the superiority of the plain triform reinforcement. 
As regards the compensating ring, the results vary 
considerably, but even if the best result were con- 
sidered as representative, it must be remembered 
that this type does not give sufficient reinforce- 
ment against internal pressure, a P.S.R. of 0-8 
being about the best obtainable. 

It is noticeable that (except in one case) even the 
best of the triform reinforcements do not have as 
long a life as the plain unbranched pipe ; in fact, 
the plain pipe is capable of withstanding about 50 
per cent. greater deflection for the same life. The 
reasons for this are probably to be found in the 
following facts. The straight pipe was loaded 
as a simply supported beam, whereas the branches 
were loaded as cantilevers ; the exact length of the 
bending-moment arm in the branch piece is difficult 
to determine, but has been taken as from the crotch 
level to the point of application of the load—if the 
true value is somewhat greater than this, the stresses 
in the branch pieces have been slightly under- 
estimated ; and the unavoidable change of section 
and form at the junction of branch and barrel results 
in a different distribution of stress from that in a 
straight pipe. 

There is no doubt, therefore, that a straight pipe 
is not really a fair basis of comparison as regards 
relative life under vibration, although it is suitable 
as a basis for the comparison of relative static 
strengths. None of the other attempts at making 
suitable comparison branch pieces was successful, 
the blind branch giving a very short life, due to 
stress concentrations, and the casting, although not 
strictly a comparison type, was unsatisfactory. On 
the whole, however, the fact that, with the triforms, 
failure always occurred clear of the zone requiring 
reinforcement, whereas in other cases, failure 
occurred within this zone, seems to indicate that the 
triform gives the maximum possible reinforcement 
against vibration. 

Fig. 88, on this page, shows the calculated com- 
bined stress for the various test pieces plotted 
against the life, and it will be seen that here, as in 
the other graphs, the branch piece results fall into 
two groups, namely, a group following the usual 
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type of stress/life curve, and a second group con- 
taining those reinforcements with gussets and stress 
raisers, which give appreciably shorter lives. It 
will be noticed that the results for the straight pipe 
lie appreciably higher than those for even the best 
of reinforced T-pieces, and, as previously pointed 
out, this appears to be an inherent feature of the 
straight pipe due, it is suggested, largely to its 
different shape. The values obtained for the straight 
pipe are similar to those obtained in other tests on 
straight pipes, not reported here. The fact that, 
considering all the large number of variables which 
affect the life, the final calculated stress values fall 
reasonably close to a typical stress/life curve of this 
type, seems to indicate that the general method of 
carrying out the calculations is a reasonable one. 
The indication is that there is an appreciable 
decrease in the stress for given life due to the test 
piece being, in the form of a T-piece compared with 
a straight pipe. A further very noticeable decrease 
of life is occasioned by the introduction of stress 
raisers such as gussets, etc. 
IV.—Summary and Conclusions in Connection with 

Complete Investigation into Strength of Reinforced 

Branches. 

This investigation was primarily concerned with 
the design of a reinforcement for branch pieces so 
as to make them as strong against internal pressure 
as the corresponding straight pipe, and only inci- 
den.ally with the design of a reinforcement suitable 
for withstanding externally applied forces. Even- 
tually, a type of reinforcement was designed, which 
consists of three horseshoes arranged one in each 
crotch and one surrounding the barrel, welded to 
the surface of the pipes, and at their open ends to a 
cylindrical bar projecting radially from the surface 
of the branch piece and serving as a junction point. 
This reinforcement, to which the name “ triform ” 
has been given, adequately strengthens the branch 
piece against effects of internal pressure and, as it 
so happens, is also the type most suitable for resisting 
externally applied forces. It is unlikely that rein- 
forcement against externally applied forces would 
be required without it being necessary, at the same 
time, to reinforce against invernal pressure ; conse- 
quently, the provision of a triform reinforcement 
against internal pressure automatically ensures 
that the branch is adequately reinforced against 
external forces. 

The first part of the investigation, before the 
triform reinforcement was developed, showed that, 
of the various types of reinforcement commonly 
used heretofore, the compensating ring is about the 
best ; although, even so, it does not adequately 
reinforce against internal pressure, a Pressure 
Surength Ratio (P.S.R.) of 0-8 being about the best 
thai can be expected from it in the case of an equal 
T-piece. Other types, such as straps, gussets, 
single horseshoes, etc., are practically worthless. 
The iriform reinforcement, however, whether in the 
** balanced ” or “‘ unbalanced ” condition, is capable 
of raising the P.S.R. to appreciably greater than 
unity, and it does this with less additional material, 
than some of the other unsatisfactory types. The 
most economical design, from the point of view of 
utilisation of material, is the “‘ balanced ’’ triform, 
and it is necessary to pay parvicular attention to the 
highly stressed junction piece of the three horse- 
shoes to ensure that the welding at this point is 
adequate. The most satisfactory form of junction 
has been found to be a cylindrical bar to which the 
three shoes are welded. It is possible to predict 
whether a reinforcement will be adequate under an 
internal pressure test from the type of Liiders’ 
lines which first appear on @ branch piece. If these 
first appear as axial lines, the reinforcement is 
adequacxe, while, if they are of the crossed or curved 
type, the reinforcement is inadequate. 

As regards externally applied forces, the compari- 
sons which were made were chiefly between the 
unreinforced branches, compensating rings, triforms 
and various modifications and additions to the tri- 
formreinforcemen suggested byinsurance companies. 
These tesis clearly demons.ra ed that, as regards 
the bending momen: to reach the propor:iona! limi. 
in s.a.ic bending tests, the various reinforcements 
are all very much better than the unreinforced 


branch pieces. The triform with extended shoe} reinforcement under torsion and pull. This state 


if anything, a little stronger than the plain triform ; 
also, all these reinforcements are approximately 
as strong as it is possible to make them, since failure 
occurs in the branch pipe just clear of the junction 
point, and not, as in the case of the unreinforced 
branches, by secondary flexure round the junction 
point. Similarly, as regards stiffening, an appreci- 
able improvement due to reinforcement is shown, 
though it is not quite so marked as in the case of 
the bending moment, nor is the compensating ring 
type so effective as the various triforms ; and none 
of them is quite as stiff as the corresponding straight 
unbranched pipe. 

In the case of vibration tests, a very different 
state of affairs is shown; firstly, in that there is 
& much greater relative difference between the life 
of the different reinforcements, and, secondly, that 
the gusseted and extended shoe types of triforms, 
due to the great stress concentrations which they 
cause, are very noticeably inferior to the other 
reinforced test-pieces, and, in fact, are not even as 
good as the unreinforced types. The only really 
satisfactory results were obtained from the plain 
triform reinforcement. As compared with the 
unreinforced branch pieces, their average life is 
about four times as great under fixed deflection 
conditions, and about eight times as great under 
fixed load conditions. No fixed load test was, in 
fact, carried out, but there are sufficient data from 
the fixed deflection tests to determine what would 
have been the behaviour of the test pieces under, 


4-ft. bending arm. The results from the compen- 
sating ring type were somewhat anomalous, one 
result being similar to that from the triforms and 
the other was not as good as the unreinforced 
branch. 

It is evident from an investigation into the stresses 
involved that the principal superiority of the triform 
lies in the fact that, for a fixed deflection, the stress 


branch pieces, due largely to the stiffening effect 
round the reinforced zone. 


stress without allowing for these stress raisers is no 
greater than in the case of the plain triforms. 
The total combined stress plotted against the 


type of curve, but the stress value is appreciably 
less than that found in these and other tests for 


liar form of the branch piece, which necessarily 
causes a type of stress concentration at the junction 
between branch and main pipe, no matter how well 
it may be reinforced. Here again, those types of 
reinforcements with stress raisers give values well 
clear of the general curve. 

To sum up, therefore, it may be said that, if 
reinforcement solely against internal pressure is 
required, the only satisfactory type of reinforce- 
ment of those tested is the triform. If reinforce- 
ment solely against static bending loads is required, 
there is little to choose between the compensating 
ring and the various triforms (including those with 
extended shoes and gussets, provided the direction 
of the bending moment is such that the extended 
shoe or gusset can offer the maximum resistance 
to it). If reinforcement solely against vibration is 
required, the triform type again is the most satis- 
factory. 

To make a branch piece as strong as the corre- 
sponding straight pipe, it is always necessary to 
reinforce against internal pressure, and, since it is 
advisable for such reinforcement to be adequate, 
the triform type should be adopted, thus automati- 
cally ensuring adequate reinforcement against both 
static bending and vibration. The use of extended 
shoes or gussets should be avoided. 

Although no test was carried out on the effect 
of torsional forces tending to twist the branch out 
of the barrel, nor any test on pulling the branch 
out of the barrel, it seems probable tha, the triform, 
by making the junction point as strong 4s possible 
under bending conditions, would also give adequate 


say, @ fixed load of +0-5 ton at the end of the | 


gussets or extended shoes, since their reinforcing 
effect will be different in different planes and they 
may, in fact, offer no reinforcement against certain 
types of forces. 

The conclusion must be reached, therefore, from 
this investigation that the triform arrangement 
not only provides adequate reinforcement against 
internal pressure, making the branch as strong as 
the original straight pipe, but also reinforces to the 
greatest possible extent against all types of stati. 
cally applied forces and vibration applied in any 
direction. ‘ 

(To be continued.) 
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Elements of Ammunition. By MAJOR THEODORE C. OnART, 
United States Army. John Wiley and Sons, Incorpor- 
ated, 440, Fourth-avenue, New York 16, N.Y., U.S.A. 
{Price 6 dols.}; and Chapman and Hall, Limited, 
37, Essex-street, London, W.C.2. [Price 36s. net.) 

One of the major problems of war, on its industrial 

side, is the recruitment and training required to 

meet the increase of activity in the design of war 
material, and newcomers to this field are apt 
to be appalled by the stringency of specifications 
and the obscurity of the requirements they are 
called upon to meet. The experienced designer will 
give such help as time permits, but many will have 
felt, as did Colonel Miles W. Kersage, of Picatinny 

Arsenal, when he wrote in a foreword to this work, 

‘* How we wished in those early days for a * book’ 

that could be handed to these newcomers to study 

and absorb quickly the essence of what they would 
need to know to handle their jobs; a book that 











straight tubes. This appears to be due to the pecu- | 








and the triform with extended shoe and gussets are, 





of affairs may not apply to reinforcements with 





would answer most of their many questions and 
leave us free to work on the big task that confronted 
us.” Elements of Ammunition has been written 
to meet this need, and the future beginner in ammu- 


produced is @ smaller fraction of the proportional | nition design and development work will find it 
limit stress than in the case of the unreinforced | invaluable in assisting him to get his bearings in 
| relation to this most interesting and complex field. 
The short life of the | 
gusseted and extended shoe types is due to the) bulletins are excellent in their way, but normally 
great stress concentration at the end of these|they present information less from the ammunition 
gussets, etc., in spite of the fact that the calculated | designer’s point of view than from that of the user. 


The various official training manuals and technical 


This work is clear, comprehensive, and excellently 


illustrated, and adequately mects the needs envis- 
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life for the various branch pieces shows the usual | nition for small arms and artillery are dealt with in 


aged by the author. The main categories of ammu- 
regard to design, construction and use, as are aircraft 
bombs and rocket ammunition ; while such items as 
the ‘ bazooka,’ grenades, land mines, chemical- 
warfare ammunition, ash bombs, and the 
newer explosives are fully discussed. “In a work 
of some 400 pages, ranging in extent from pistol 
cartridges to “ blockbusters,” a good deal of care is 
required in the selection and presentation of suitable 
examples. Those chosen are all of modern American 
type and there is no attempt at historical treatment. 
The point of view seems to be that of the Army rather 
than of the Navy, and submarine mines and torpe- 
does are excluded. Of outstanding interest is the 
treatment of fuses, which dispels the aura of black 
magic with which this subject is too often surrounded 
and throws some interesting light on such matters 
as the erratic behaviour of powder-train time 
fuses at high altitudes and the advantages of the 
clockwork-train time mechanism for shell fuses. 
It is pointed out that fuses for bombs present differ- 
ent problems, largely because of the very different 
rates of acceleration to which they are subject, and 
to the fact that they are sometimes used from 
extremely low altitudes. The descriptions of the 
tests applied to fuses are of considerable interest. 
The chapter on explosives is written from the 
viewpoint of the ammunition designer rather than 
that of the chemist—in fact, not one chemical for- 
mula is mentioned—but the physical properties of 
various explosives are described at length, in so 
far as they govern the selection of the best agent 
for any particular work. There is an interesting 
note’ on the “‘ shaped charge ” effect as a means of 
obtaining greater effect from high explosives in 
contact with rigid structures, though it is admitted 
that the exact nature of this effect is not precisely 
known; and another note on the compatibility of 
explosives with other ammunition materials. 
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The chapter on rocket ammunition is a praise- 
worthy attempt to give the reader as good a picture 
of this fascinating subject as can be done at such a 
comparatively early stage of its development. 
Some typical rockets and their projectors are 
described and consideration is given to the thrust 
due to the escape of gas through convergent- 
divergent nozzles, but the treatment of the problem 
of stabilisation is, perhaps, hardly adequate. Guided 
rockets of the V2 type are not described, and it is 
admitted that in a short time this chapter is likely 
to need revision. This book will probably take its 
place alongside other standard technical handbooks, 
for it not only serves the needs of the ordnance 
engineer but is a convenient source of information 
for all whose work or interests carry them into the 
maze and complexity of modern ammunition. 





Statically Indeterminate Structures. By PRoressor L. C. 
Mave. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York, 16, U.S.A. [Price 5 dols.] 
and Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 30s. net.] 

PracTicaLLy all of the fundamental principles 
underlying the analysis of statically indeterminate 
structures were expounded years ago by Maxwell, 
Mohr, Castigliano, Williot and others, but with the 
development of reinforced concrete and welded 
steelwork construction the subject has inevitably 
acquired a new importance. Inspired by the more 
recent work of Southwell, Timoshenko, Maney and 
Cross, especially the last-named, designing engineers 
have taken an increasing interest in the subject and 
it is probably true to say that, since 1930, a greater 
volume of literature has been published on the 
analysis of statically indeterminate structures than 
on almost any other subject in the field of structural 
engineering. Nevertheless, Professor Maugh’s trea- 
tise will undoubtedly serve a useful purpose. 

The author follows the practice, now very common 
in the United States, of basing his text upon courses 
for university graduates; in this case, at the 
University of Michigan. Commencing with a brief 
classification and description of equilibrium condi- 
tions, redundant forces and members, and strain 
conditions, he proceeds to elucidate and summarise 
the fundamental principles of structural mechanics, 
including the basic theorems and methods of 
analysis of relative displacements. Succeeding 
sections deal with the determination and application 
of slope-deflection equations and the moment dis- 
tribution (Hardy-Cross) method as applied to con- 
tinuous beams and frames with straight prismatic 
members. Typical problems and references are 
given at the end of each chapter and a number of 
illustrative examples are worked out in full, of which 
some of the most useful are to be found in the 
chapter on continuous frames with joint displace- 
ments. A praiseworthy feature of the book is the 
manner in which the text is arranged so that the 
reader is taken through the simpler forms of struc- 
tures before being introduced, in order, to the more 
complicated problems of continuous girders and 
frames with variable moment of inertia, continuous 
trusses, elastic arches, rings and frames with curved 
members and finally, flexible members. The most 
outstanding of all these sections is the lucid exposi- 
tion of the analysis of elastic arches, confined to 
about a dozen pages and presented in such a manner 
that this one-time bogey has been brought down 
into the realms of practical design. 

The text concludes with an informative chapter 
on special problems, including frames with semi- 
rigid connections, calculations of stresses in space 
frames, rigid block displacements, and shear- 
ing stresses in thin-walled close sections. The 
appendix merits special mention. It comprises 13 
pages of graphs from which ¢oefficients and fixed end 
moments for various members and conditions can 
be quickly obtained with sufficient accuracy for most 
practical purposes. In the opinion of many struc- 
tural engineers, the Hardy-Cross method of moment 
distribution or analysis of indeterminate structures 
by means of successive approximations is the most 
notable advancement in structural design during the 

20 years and therefore, it is not surprising to 
find that this is the method emphasised throughout. 

The book is well produced and can be recommended 

to the attention of designers and students alike. 
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BRITISH INVESTIGATION OF 
GERMAN INDUSTRIES. 


Tue object of an exhibition, which was opened by 
the President of the Board of Trade (the Rt. Hon. Sir 
Stafford Cripps, M.P.) at Imperial Chemical House, 
Millbank, London, S.W.1, on Monday, December 9, 
(and will remain open until Thursday, December 19) 
is to illustrate how nearly 3,000 teams, consisting of 
10,768 British and American investigators, collected 
information about the scientific and technical develop- 
ments which had taken place in German industry during 
the war. To ensure that this information should he 
made available for our own industries, even before the 
war was over, an Anglo-American field organisation 
known as C.I.0.8S. (Combined Intelligence Objectives 
Sub-Committee) was formed, which followed in the 
wake of the advancing armies and conducted studies 
on the spot. After the war concluded this combined 
organisation was replaced by two bodies, B.1.0.8. 
(British Intelligence Objectives Sub-Committee), which 
operated in the British Zone of Germany, and F.I.A.T. 
(Field Information Agency Technical) which did 
similar work in the American Zone. The two, however, 
co-operated closely, and each has had the full benefit of 
the information gained by the other. 

That information came through a number of chan- 
nels. In the first place, the investigators inspected 
10,000 separate factories or business premises in Ger- 
many. Secondly, some 70,000 German documents, 
such as research memoranda and patent specifications, 
were examined. Thirdly, German specialists were 
questioned. As a result, about 1,400 reports covering 
a wide range of subjects have been published, of which 
nearly a million copies have gone into circulation. In 
addition, there is a mass of more detailed material, 
part of which is either in the B.1.0.8. Library at 37, 
Bryanston-square, London, W.1, or in the hands of the 
Document Unit of the Board of Trade. This informa- 
tion is now available for consultation and arrangements 
have also been made for translating, abstracting and 
supplying copies to anyone who is interested. 

The character of this information is illustrated at 
the exhibition, to which admission can be gained by 
presentation of a trade card, by a number of pictorial 
displays, by copies of some of the more basic reports, 
ab by the presence of some of the smaller products of 
the German industry. These include a Maihak strain 
gauge, in wh'ch the frequency of transverse vibration 
of a wire in the test gauge is matched optically against 
the frequency of a similar wire in the reference gauge. 
Examples of the a sound recording and 
reproducing equipment are shown, in which use is made 
of a metallic tape or wire for recording purposes. The 
background noise in this apparatus is considerably 
lessened by the employment of currents of supersonic 
frequency for erasing or biassing, while the use of a 
thin light plastic tape impregnated with magnetic 
particles as a recording medium enables a recording 
lasting 20 minutes to be made on a reel 11 in. in dia- 
meter, less than } in. thick and weighing about 2 Ib. 
Another exhibit consists of a light hammer drill in 
which the tool has been specially designed for the 
employment of insertions of the cobalt alloy, known as 
Hardmetall, in detachable bits. Other novel features 
of this tool are a detachable shank and the front end 
cool ng-water feed, neither of which has been successful 
in pre-war designs. With these tools, it is claimed 
that the cost is reduced by one-third compared with 
that of the best steel bits, and additional advantages, 
such as reduction of the dust hazard and increased 
efficiency of the explosives used, due to the possibility 
of drilling holes with less taper, can be secured. 

The pro made in the direction of automatic 
welding is illustrated by an exhibit of the Kjelberg- 
Kaell head, in which two electrodes are supplied from 
two phases of a three-phase transformer, the work 
being connected to the third phase. Another interest- 
ing device is a self-contained transformer-electrode 
holder unit. This can be used either separately or in 
pairs in a variety of special set-ups. An aluminium 
alloy bearing shown is of the type used in the Volks- 
wagen. It consists of an iron strip coated with alumi- 
nium over which is an aluminium-rich alloy. The 
aluminium interlayer serves to bind the alloy securely 
to the iron strip. 

We understand that, after the exhibition has been 
closed in London, it will be taken on tour to Cardiff, 
Birmingham, Manchester, Leeds, Nottingham, New- 
castle, Glasgow, Belfast and Bristol. 








CoPpPER DEVELOPMENT ASSOCIATION.—The booklets 
entitled “‘ Copper Data,” “‘ Bearing Bronzes,”’ “‘ German 
Copper and Brass Welding Practice,” ‘“‘ Lead Bronze 
Bearings,” and “ Classification of Copper and Copper 
Alloys ”’ have been reprinted and will be supplied free of 
charge by the Copper Development Association, Kendals 
Hall, Radlett, Hertfordshire, to persons who have not 
had ‘copies already and who have a genuine interest. 








HEAT PUMP DEVELOPMENTS. 


A piscussion on “ The Heat Pump” was opened 
by Mr. J. A. Sumner at an informal meeting of the 
Institution of Electrical Engineers, which was held on 
Monday, November 25. He pointed out that the 
pa of this apparatus had been first enunciated 

y Kelvin nearly a hundred years ago and that 
interest in it had been rekindled by Mr. J. B. 8. Hal- 
dane’s paper in 1930. Cheap coal had hitherto 
retarded any great development in this country, but 
increasing cost and shortages had brought about 
changed conditions. The average efficiency of a coal 
boiler for a central-heating plant was about 50 to 60 per 
cent., using a good quality coal. A heat pump, main- 
taining the same output, would use electricity produced 
by burning about 75 per cent. of the weight of coal that 
the boiler used, thus effecting considerable economy. 
The heat pump could also be made entirely automatic 
in operation, thus eliminating attendance and reducing 
maintenance, with greater cleanliness and a saving in 
space. Further, it offered great possibilities as a load 
builder for the electricity supply industry and would 
thus ultimately benefit the whole community. Finally, 
the effect of a large-scale use of the heat pump on smoke 
abatement should be emphasised. 

That the heat pump was a practica! proposition could 
be illustrated by referring to the installation at Norwich, 
the source of low-grade heat for which was the river. 
This plant was working well and providing useful 
information. It was employed for heating an office and 
workshop building with a volume of 500,000 cub. ft. 
In Ziirich, there was a plant comprising two 1,000-kW 
turbo-compressor pumps and one 850-kW reciprocating 
pump, which served a district-heating scheme. Heat 
was taken from a river and the output was about 
8,000,000 B.Th.U. per hour. The temperature of the 
water circulating in the buildings was 158 deg. to 
167 deg. F. Mention might also be made of two com- 
bined air-conditioning and heating installations in 
America, with outputs of 400,000 B.Th.U. and 450,000 
B.Th.U. per hour. As regards cost, Mr. Sumner said 
it was possible that a heat pump plant could be pro- 
duced at a price which would compare favourably with 
that of an equivalent boiler with automatic firing. 

During the discussion, it was stated that specifica- 
tions had been issued in America for units which 
would be used for heating in winter and cooling in sum- 
mer. Manufacturers had been asked to tender for 
1,000 such units at a time. A specification had also 
been issued for a much smaller unit for domestic water 
heating. The larger unit would be produced in two 
sizes—48,000 B.Th.U. and 62,000 B.Th.U. per hour, 
while three sizes were suggested for the domestic water- 
heating unit supplying 6,000 B.Th.U., 8,000 B.Th.U., 
and 13,000 B.Th.U. per hour, respectively. The possi- 
bility of an air-to-air heat exchange was mentioned, 
thus avoiding the necessity for a water supply. The 
suggestion was also made that the earth iteelf could be 
used as the original source of low-grade heat. 

It was pointed out that in Switzerland little weight 
had beén attached to capital cost, since there was no 
surplus fuel available. The large Ziirich plant, however, 
had quickly paid off its capital cost. Reference was 
made to the need for some form of compressor other 
than the reciprocating type, the cost of which was 
said to be much higher than the absorption or adsorp- 
tion patterns. In the course of his reply, Mr. Sumner 
mentioned that a new two-stage compressor would be 
installed shortly and would, no doubt, greatly improve 
the efficiency. 








GEOFFREY DE HAVILLAND FunD.—A fund is being 
raised to provide an annual aeronautical research scholar- 
ship in memory of Mr. Geoffrey de Havilland. The 
detailed conditions of the award of the scholarship are 
still under consideration, but the fund will be adminis- 
tered by the Royal Aeronautical Society. It is hoped to 
raise a capital sum of at least 5,0001., and contributions 
should be sent either to the Geoffrey de Havilland 
Memorial Fund, Barclay’s Bank, Burnt Oak, Edgware, 
Middlesex, or the secretary, Royal Aeronautical Society, 
4, Hamilton-place, Piccadilly, London, W.1. Cheques 
should be made out to the Geoffrey de Havilland 
Memorial Fund. 

ROLIs-ROYCE GAS-TURBINE DEVELOPMENT : ERRATA. 
—With reference to the article on ‘‘ Rolls-Royce Gas- 
Turbine Development ” which appeared on pages 224 and 
247, ante, we have been asked to state that the turbine- 
wheel blades, mentioned at the commencement of the 
third paragraph in the middle column on page 247, are 
made of a non-ferrous alloy known as “‘ Nimonic ” which 
is composed essentially of nickel and chromium, and 
should not have been referred to as steel. ‘‘ Nimonic,’’ 
we should add, is a registered trade-mark of the Mond 
Nickel Company, Limited, Grosvenor House, Park-lane. 
London, W.1. Unfortunately, the name was spelt 
incorrectly in the article above referred to, and we regret 
the error. 
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NOTES FROM NORTH AMERICA. 


TxE United States War Department have announced 
plans for the establishment of a 20 million-dollar 
nuclear research laboratory near Schenectady, New 
York, for the study of power generation from atomic 
energy. Major General L. R. Groves, of the United 
States Army Engineers and ‘chief of the Manhattan 
project which. developed the atomic bomb, has stated 
that the General Electric Company, under a contract 
made several months ago, will operate the nuclear 
power research centre and serve as the prime con- 
tractors for design and construction. ‘“‘The Knolls 
Atomic Power Laboratory,” General Groves said, “ will 
be the fourth in the network of laboratories established 
by the Manhattan project to further nuctear research. 
Work began many months ago and will be transferred 
to the recently appointed United States Atomic Energy 
Commission as a part of the —— development 
programme. The Clinton Laboratory at Oak Ridge 
and the Argonne National Laboratory at Chicago are 
already carrying out broad research programmes, in 
which educational] institutions and industrial organisa- 
tions are participating. Work has been started on the 
Brookhaven National Laboratory on Long Island, 
which will be operated by a corporation formed by 
nine of the major eastern universities. Research work 
in all phases of atomic power development will be 
carried on in the Knolls Atomic Power Laboratory. 
In addition, research on specific problems in con- 
nection with the operation of the Hanford Eng‘neering 
Works, operated by the General Electric Company’s 
chemical department, will be carried out there.” Land 
for the Knolls Laboratory will be provided by the 
General Electric Company near the site of their own 
new research laboratory, now under construction, 
where the company’s fundamental research in other 
fields will be concentrated. Dr. C. G. Suits, a vice- 
president and director of research for the General 
Electric Company, will have the general supervision 
of the nuclear study programme. Responsibility for 
the atomic power pile project, which is the principal 
activity of the new Government-sponsored laboratory, 
has been assigned to Dr. Kenneth H. Kingdon, the 
senior General Electric physicist, who was one of the 
first physicists to work on the isolation of uranium 235. 
Dr. Kingdon has been with the General Electric 
Research Laboratory since 1920, where his chief work 
has been on electron emission, radio valves, thyratrons, 
and in recent years on nuclear research. He worked 
at Berkeley with Dr. E. O. Lawrence in the develop- 
ment of the electromagnetic plant for the separation 
of uranium 235. ‘‘ Basic nuclear reactions and the 
theory of uranium fission are in the field of physics,” 
said Dr. Kingdon, “ but the detailed study of the 
problems of construction of an atomic-power reactor 
for power production involves major contributions 
from chemistry, chemical engineering, metallurgy, 
electrical and mechanical engineering, and scientists 
specialising in these fields will compose a considerable 
proportion of the group working on the new pro- 
gramme. In addition, the resources of the many 
engineering divisions of the Gereral Electric Company 
will be employed.” Dr. Suits announced that a number 
of scientists who played important roles in the earlier 
work of the Manhattan project have been retained by 
the General Electric Company as consultants for this 
work, and, that about 450 scientists and some 1,600 
technicians will be required when the combined acti- 
vities of the two laboratories are in full operation. * 

In pursuance of the policy of developing the ability 
of naval forces to operate under any and all climatic 
conditions, a task force of the Atlantic Fleet of the 
United States Navy, augmented by units of the Pacific 
Fleet, will ——- into the Antarctic, as early in 1947 
as ice conditions permit, to carry out an extensive 
training and development programme there throughout 
the duration of the navigable season. The objectives 
of the expedition are to train personnel and test equijp- 
ment in frigid zones; to consolidate and develop the 
results of the United States Antarctic Service Expedi- 
tion of 1939-41; to develop naval] techniques for 
establishing, supporting, and using bases under com- 
parable conditions ; and to ampl'fy knowledge of the 
area with respect to hydrographic, geographic, geo- 
logical, meteorological and electromagnetic wave propa- 
gation conditions. Technical contro] of the expedition 
will be exercised by Rear-Admiral Richard E. Byrd, 
U.S.N., who is adviser on Arctic and Antarctic matters 
to the Chief of Naval Operations ; he will accompany 
the task force, which will be commanded by Captain 
Richard H. Cruzen, U.S.N., who was captain of the 
cutter Bear and Rear-Admiral Byrd’s second in com- 
mand in 1939-41. The force will be divided into three 
main . The Central Group will include the 
flagship and headquarters communication ship, Mount 
Olympus, the Coast Guard icebreaker Northwind, the 
Navy icebreaker Burton Island, the cargo ships Yancey 
and Merrick, and the submarine Sennet. The East 


previous Byrd expedition, will include the seaplane 
tender Pine Island, the tanker Canisteo, and the 
destroyer ‘Browhson. The West Group will be under 
the command of Captain Charles A. Bond, U.S.N., a 
veteran of war-time aviation in the Aleutians, and will 
include the seaplane tender Currituck, the tanker 
Cacapon, and the destroyer Henderson. Aircraft for 
shore-based flight operations will be flown in from an 
aircraft carrier after the base has been set up on the 
Ross Shelf ice. It is intended that the ships should 
leave their United States ports early in mber 
and to return in April, 1947. It is not intended that 
any part of the force should remain in the Artarctic 
through the winter, but a base capable of maiptainin 
a small party for at least 18 months will be establishe 
to provide against contingencies, 

While the purposes of the operations are primarily 
to train naval personnel and to test ships, aircraft and 
equipment under frigid-zone conditions, the expedition 
will afford an unequalled opportunity to amplify exist- 
ing scientific data, and arrangements have been made 
with other Government departments for various scien- 
tific specialists to participate. The United States 
Army will be represented by air and ground-force 
observers and by quartermasters interested in clothing 
and rations. The Weather Bureau, Coast and Geodetic 
Survey, Coast Guard, Geological Service, Hydrographic 
Office, the Materials Bureau of the Navy Department, 
and other United States Government departments 
will provide meteorologists, geographers, oceano- 
graphers, hydrographers, etc. The scientific pro- 
gramme is under the general guidance of the Director 
of Naval Research, Rear-Admiral P. F. Lee, U.S.N. 
Each of the large seaplane tenders, Pine Island and 
Currituck, will carry three camera-equipped Martin 
Mariner seaplanes, a small scout plane, and two heli- 
copters. Each of the two icebreakers will carry one 
scout seaplane and one helicopter. The long-range 
operational and mapping flights will be made by the 
Mariners, while the scouts will be used primarily for 
short-range ice reconnaissance and the helicopters for 
rescue work in case of forced landing. The presence 
of cargo ships and tankers will make the entire force 
self-supporting in supplies and fuel. The submarine 
is expected to contribute materially to the oceano- 
graphic research with its equipment of sensitive fatho- 
meters and bathythermographs. The submarine and 
the destroyers will provide additional safeguards during 
the over-water portion of operational flights. The 
major ships will be equipped for collecting ocean floor 
samples, particularly off the seaward ends of the many 
glaciers, since analysis of these samples will furnish 
data for estimating the geological composition of the 
terrain under the glacier. Altogether, approximately 
4,000 officers and men will take part in the expedition. 

An experiment in the underground gasification of 
coal for the commercial generation of power, a subject 
on which the Russians have been working for, more 
than 11 years, has been initiated at the plant of 
the Alabama Power Company at Gorgas, Alabama. 
With the co-operation of the United States Bureau of 
Mines, the company will isolate a coal vein in a new 
mine, set it on fire and supply it with air, draw the 
resulting gases out of the mine, cool and de-tar them, 
and store them for use in a power plant at the mine 
exit. Whether this means of obtaining cheap power 
is feasible economically or physically will be determined 
as the experiment progresses. The gas will be of low 
heat content and is not worth long-distance transporta- 
tion, but, over a short distance, it could be used for 
boiler or gas-turbine firing. If ordinary air is used to 
feed the underground fire, the gas will contain too much 
nitrogen to allow the extraction of by-products, but 
if oxygen is supplied, the resulting gas could be broken 
down into petrol, Diesel oil, ammonia, methanol, etc. 
This method of producing power, it is thought, might 
be expanded greatly ; it is considered possible that the 
lignite and oil-shale fields throughout the United States 
could be used in such underground retorts to help out 
the shrinking reserves of liquid fuels. The Germans 
experimented with these materials in the hope of obtain- 
ing enough crude oil for distilling into aircraft fuels, 
and succeeded to some extent. One method they 
adopted was to heap low-grade coal over a series of 
pipes, set it on fire, and draw the gases out through 
the pipes. The Bureau of Mines will investigate the 
smoothness of gasification underground, the degree 
of control over burning, the efficiency of reclamation 
of gas, the amount of precipitation of tar in pipelines, 
the advantages of air and oxygen feeding, and the by- 
product percentage. The Russians are said to have 
nine gasification experiments in progress, several of 
which are being used commercially, and more are build- 
ing. According to G. O. Nusinov, the engineer in 
charge of the Podsemgas experiment and authority on 
underground gasification, in a report printed in the 
Canadian Chemistry and Process Industries Magazine 
for June, 1946, at the beginning of the war subter- 
Tanean gasification stations were in operation at 





Group, under the command of Captain George J. 
Dufek, U.S.N., a naval aviator and a member of the 





Gorloff, in the eastern Ukraine; Lissichansk, also in 
the Donetz Basin ; Podmoskov, south of Moscow ; and 


two more are under construction, at Kurachovysk, in 
the Ukraine, and Chellabinsk, in Siberia. It is thought 
that other underground plants are situated in the 
Kuznetsk coalfield, in Siberia; at Shakhty, in the 
Eastern Ukraine; Kurtovka, in the lower Moscow 
coalfield ; and Prokop’yeosk, in Siberia. Other plants 
are believed to be contemplated at Yegorshine, in 
Western Siberia, and at Grischino, in the Donetz Basin, 

Delegates from South, Central and North America 
gathered recently at Caracas, Venezuela, to establish 
the Inter-American Association of Sanitary Engin. 
eering. Representatives from 14 countries wereincluded 
among the 160 who took part in the conference, which 
was held in the Caracas Engineering Societies building, 
under the joint sponsorship of the Venezuelan Ministry 
of Sanitation and Social Assistance, the United States 
Institute of Inter-American Affairs, and the Pan- 
American Sanitary Bureau. The President of the 
conference was Sefior Luis Wannoni, chief engineer of 
the Venezuela Division of Sanitary Engineering. 
The formation of the Association represents the cul- 
mination of at least seven years of discussion among 
North and South American engineers and was expe- 
dited by the war-time activities of the Institute of 
Inter-American Affairs, which expended some 60 million 
dols. on co-operative sanitation work in 18 of the 
Latin-American couritries. Another important factor 
has been operations of the Pan-American Sanitary 
Bureau, a voluntary organisation sponsored by the 
Governments of all the American republics. The 
headquarters of the Association’s secretary is to be in 
Washington, D.C. At the conference there were 
exhibits of equipment from some two dozen United 
States manufacturers, but the difficulty of obtaining 
equipment from the United States was emphasised by 
many delegates, who pointed out that they had no 
alternative but to buy elsewhere because deliveries 
could not be made; for example, it was said that the 
Caracas water department had just purchased urgently- 
needed cast-iron pipes from Belgium, with a delivery 
date of 120 days. 

United States representatives state that the Potsdam 
programme for industria] reparations from Germany 
has made considerable “ paper progress” within the 
Allied Control Council at Berlin. Some 500 German 
plants, in the three western occupation zones, have 
been officially listed by the Council] as available for 
reparations ; the latest such list is a catalogue of 85 
non-ferrous metal establishments. The list is being 
circulated in the United States by the Office of Inter- 
national Trade, which is soliciting inquiries from 
American concerns that may be interested in acquiring 
German plants, either to add to their own in the 
United States or for transfer to some other nation in 
which American firms have business interests. To 
date, however, neither regulations nor an American 
official policy have been developed to govern the even- 
tual transfer of German reparations acquired by the 
United States to private concerns, beyond a decision 
giving jurisdiction over this prospective task to the 
Office of Foreign Liquidation in the United States 
Department of State. The United States, however, 
has been awarded by the Inter-Allied Reparations 
Agency 11-8 per cent. of whatever industrial plants and 
facilities are taken from Germany as reparations. 
Origina'ly, the award was to have been 28 per cent. 
of the total, but the United States voluntarily scaled 
down the American share of German plants and 
facilities in order to make more available to the smaller 
Euro: nations. Formal American claim had been 
filed with the Inter-Allied Reparations Agency, in 
the middle of October, for only one of the German 
plants available for reparations, namely, the optical- 
instrument factory of Hensoldt and Sons, at Herborn, 
in Hesse-Nassau, which produced binoculars, gun 
telescopes and similar equipment for the Nazi forces. 
The plant is said to have 240 undamaged machine 
tools which 11 American optical and eng neering firms 
have told the State Department they would like to have 
for domestic use. An American claim will probably 
be filed soon for that part of the Aschau armaments 
plant at Mihldorf, Bavaria, which makes briquettes ; 
an American engineering firm is interested in acquiring 
this plant for erection and operation at Salonika, Greece, 
where the firm is under contract to instal] a hydro- 
electric plant. 





SUBMARINE TELEPHONE CABLE WITH SUBMERGED 
REPEATERS.—A submarine coaxial cable fitted with 
submerged repeaters has now been laid to Germany from 
vhe United Kingdom. This cable, which is 200 nautical 
miles in length, is similar in design to that in use between 
this country and Ireland, except that it is insulated with 
polythene. It comprises five telephone circuits, any one 
of which may be used to provide eighteen telegraph cir- 
cuits. The repeater casing, which is 8 ft. long by 18 in. in 
diameter, is built up from steel plate. It comprises two 
chambers, one of which is open to the sea and serves as & 
jointing chamber for the cable, which enters and leaves 
at the same end. The other chamber contains the 





electrical equipment and is sealed. 
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THE PAMETRADA RESEARCH 
STATION. 


TE illustrations, Figs. 1 to 4, on page 564, show the 
progress that has been made on the construction of the 
Pametrada Research Station, Wallsend-on-Tyne. The 
name of this station is derived from the initial letters 
of the Parsons and Marine Engineering Turbine 
Research and Development Association, consisting of 
11 member firms, the formation of which was decided 
upon in the early part of November, 1945, at the 
forty-eighth annual general meeting of Messrs. Parsons 
Marine Steam Turbine Company, Limited, Turbinia 
Works, Wallsend-on-Tyne. The station itself is 
being erected on land adjoining the Turbinia Works 
and leased to the research station by Messrs. Parsons. 
It was originally intended that the station should 
be utilised for investigating the problems concerned 
with high-pressure and high-temperature steam 
turbines, and full-scale testing of such installations, 
together with general research on both steam and gas 
turbines and marine propulsion power transmission, 
but it is evident that this programme has been con- 
siderably extended. These extensions include, quite 
apart from the boiler house, turbine-test house, and a 
research office building, a three-storey building which 
will provide accommodation for a gear-testing labora- 
tory, an electronics laboratory, a fuel-oi] and lubricating- 
oil testing laboratory and a further drawing office. 
Moreover, there is under construction a large two- 
storey building to house a series of blowers to provide 
air for the testing of turbine parts and also to enable 
full-scale tests to be carried out on combustion cham- 
bers, heat exchangers and other apparatus connected 
with combustion and heat transference. The import- 
ance of the project is indicated by the fact that the 
Ministry of Works have issued licences for immediate 
construction and the work has been commenced and 
prosecuted with a view to having it completed, unless 
unforeseen circumstances arise, before the end of 
1947. 

In the meantime, it is interesting to survey briefly 
what has already been achieved. The office researc 
building was first put in hand. The site was strength- 
ened with piles and the foundations laid in July, 
1945, and by October of that the steelwork 
had been completed, as shown in Fig. 1. The finished 
building as it appeared in August, 1946, is shown in 
Fig. 2. Though constructed largely of brick, the 
adoption of a steel framework has enabled natural 
lighting to be utilised as far as possible, the several 
facades displaying practically continuous steel-framed 
windows. This building was completed first in order 
to provide accommodation for the staff which, including 
designers, research engineers, draughtsmen, mechanics 
and auxiliary personnel, numbering 56 at the present 
time. Previously, this staff has been quartered tem- 
porarily in the offices of Messrs. Parsons Marine Steam 
Turbine Company and in a local hotel. The boiler 
house is virtually completed and the boiler instal'ed, 
this boiler having a working pressure of 1,200 Ib. per 
square inch, and an outlet steam temperature of 
950 deg. F. A noteworthy feature of the boiler 
house is that it has been constructed so as to be 
capable of withstanding an internal pressure of 30 in. 
water gauge, this feature, it may be presumed, giving 
an unusual measure of draught control of combustion 
conditions. The turbine test house is well advanced ; 
its appearance, in February, 1946, is illustrated in 
Fig. 3. This view shows, in the main, the substantial 
foundations of the test bed, which is 75 ft. in length 
and is capable of withstanding reactions in both the 
upward and downward directions of up to 80 tons 
on any 2 ft. of its length. A view of the turbine 
test bay looking towards the river is given in Fig. 4. 
This shows the general structure and particularly 
illustrates the strength of the travelling-crane gantry ; 
the crane is rated for a load of 75 tons and has been 
tested under a load of 94 tons. A hydraulic dynamo- 
meter, constructed by Messrs. Heenan and Froude, 
Limited, Worcester, is on the premises awaiting 
erection and a considerable number of pumps and 
other auxiliaries are finished and also await erection. 
The main pump house has been completed; it con- 
tains two propeller-type pumps to provide water 
supplies for the main circulating and auxiliary circu- 
lating systems and for the dynamometer. 

It may be pointed out that the pro me of 
research has not awaited the completion of the station ; 
a considerable amount of work has, in fact, been 
done already. Complete detailed working drawings 
have been produced for the turbines, gearing, and 
condensers for the most modern destroyer machinery 
for the British Admiralty. In this work special atten- 
tion has been given to recent researches in tolerances, 
to the question of interchangeability, to the ee 
tion of informative production records, etc. Since 
an important function of the Association is to provide 
its member firms with basic design data for machinery, 
contemplated or on order, this work has also been 
furthered. It may be noted, as evidence of the utility 





h | Association’s new laboratories. 


of the Association, that the number of inquiries in the 
year ended November, 1946, was 50 per cent. greater 
than those for the previous year. Over 120 preliminary 
designs of turbines and gearing were prepared, some of 
these being of conventional marine type, but a growing 
proportion, already more than 60 per cent., being more 
modern designs developed by the Association and 
embodying double-reduction rs so that high-speed 
turbines may be employed with a consequent reduction 
in the number and weight of castings, and, therefore, 
in cost, accompanied by improved performance. During 
the year, detailed working drawings were prepared for 
a 500-h.p. gas-turbine experimental set for one of the 
member firms. A 3,500-shaft horse-power Pametrada 
marine gas unit has been ordered and its construction 
is being undertaken jointly by the whole of the member 
firms. The working drawings of this unit, including 
mancuvring and reduction gear to give a propeller 
shaft speed of 85 r.p.m., has been prepared by the Asso- 
ciation and several design studies of advanced marine 
gas-turbine plants have also been made. 

Research work, carried out largely on the premises 
of Messrs. C. A. Parsons and Company, Limited, con- 
sisted of the following: a stress analysis by photo- 
elastic methods on some types of straddle-root forms of 
turbine blading with tensile tests of the blade and rotor 
materials to determine the best proportions of the root 
bearing surface ; tests on a research turbine with reac- 
tion blading having a bull-nosed entry, end-tightened 
and radial clearance blading being both investigated ; 
steaming tests over a range of ratios of blade speeds 
to steam speeds determined the efficiencies at different 
conditions, the turbine output being measured by a 
hydraulic dynamometer. e Association was repre- 
sented at tests carried out on a 500-h.p. gas turbine 
carried out at Messrs. Parsons’ Heaton Works. A 
spray tester equipment of Pametrada design was used 
in their research building. Tests on the quality 
of spray from a variety of nozzles and with oil fuel of 
different grades provided the Association with a con- 
siderable amount of design data for gas-turbine sprayers 
using heavy oil. This work will be continued in the 
Some preliminary 
experiments were made at the works of a member 
firm on the strength of the fastenings of built-up dia- 

hragms, which investigation is also to be continued. 

quipment for the pres of vibration phenomena has 
been’ developed. The latest instrumental and elec- 
tronic techniques are being applied to this and other 
problems confronting the Association: The Asso- 
ciation’s metallurgist has been in close touch with 
those firms producing high-temperature materials and 
has collaborated -ie compilation of data regarding 
their properties and the possible operating conditions 
of marine gas turbines. Materials for steam turbines 
have also been studied during 1946. 





CONTRACTS. 


Messrs. JAMES LAMONT AND COMPANY, LIMITED, 
Port Glasgow, have received an order from A-S “ Polar- 
fart” (Martin Karlsen), Brandal, Aalesund, Norway, 
to build a vessel for employment in seal catching. The 
vessel will be 142 ft. long, ice strengthened and insulated 
for Arctic work, and will be available in time for the 
1948 sealing season. Diesel engines will be installed by 
Messrs. Aitchison, Blair, Limited, Clydebank. We are 
informed that this is the first steel seal-catching vessel 
ordered by Norwegian owners and that all previous 
vessels have been constructed of wood. Messrs. Lamont 
have also secured an order from Messrs. Det Norden- 
fjeldske Dampskibsselskab, Trondheim, Norway, for a 
cargo-passenger motorship of 1,250 tons deadweight capa- 
city. The propelling machinery will be supplied by the 
owners and installed by Messrs. Aitchison, Blair, 
Limited. 


Messrs. J. SAMUEL WHITE AND COMPANY, LIMITED, 
Cowes, Isle of Wight, have contracted to build two 
3,400-ton twin-screw Diesel-engined refrigerated fruit- 
carrying vessels for the Argentine Government. 

Messrs. THE CALEDON SHIPBUILDING AND ENGINEER- 
1nG Company, LiMiTED, Dundee, have received an order 
for a passenger and cargo liner of 5,700 tons gross, for 
Messrs. Alexandria Navigation Company, Alexandria, 
Egypt. The vessel will be fitted with Scott-Doxford 
motors which will be installed by the shipbuilders. The 
Company have also obtained an order from Messrs. Alfred 
Holt and Company, Liverpool, for a cargo motorship 
of about 9,000 tons gross, which will be fitted by 
the builders with Kincaid-B. and W. engines. A 
further order received by the Caledon Company is from 
the Monarch Steamship Company, Limited, whose 
managers are Messrs. Raeburn and Verel, Limited, Glas- 
gow, and is for a cargo steamship of 9,000 tons dead- 
weight capacity. The main engines will be constructed 
by Messrs. John G. Kincaid and Company, Limited, 
Greenock, while the boilers will be made by the Galedon 
Company, who will carry out the complete installation at 





“ FORK-LIFT’’ INDUSTRIAL TRUCK. 


A CONSIDERABLE saving of manual labour can be 
effected by the use of the “ fork-lift ” type of industrial 
truck which, as its name implies, has steel carrying 
forks protruding from the front of the truck, and these 
forks, together with the load, can be elevated to a 
height Of from 9 ft. to 12 ft., the height depending on 
the design. The advantages of using such a truck, 
where, for peat. packing cases have to be stacked, 
are obvious. it is required to move and stack 
small or awkwardly shaped parts, the parts are placed 
on hollow platforms called “ pallets,” which allow the 
forks of the truck to be inserted beneath them, the 
pallets being designed so that they may be stacked 
one above the other. An interesting demonstration of 
different designs of fork-lift trucks was given at the 
Central Ordnance , Feltham, Middlesex, during 
July of this year, an account of this will be found 
on page 105, ante. One of the trucks demonstrated, 
known as the “ Stacatruc,” is illustrated on 560. 
The “ Stacatruc”’ is made by the Stockport ufac- 
turing Company, Limited, Councillor-lane, Cheadle, 
Cheshire, for the sole concessionaires, I.T.D., Limited, 


The truck can lift and carry a 
load of 2 tons on the forks, the maximum lift bei 

9 ft., while the overall height with the forks at groun 
level is 7 ft. 2in. The forks are raised by means of oil 
pressure acting on a-ram, which can be seen r 
with its cylinder between the two uprights of the lifting 
frame. . The latter is pivoted at its base so that it can 
be tilted either backwards, so as to retain the load in 
position while travelling, or forwards in order to assist 
in unloading. The frame is tilted by two small oil- 
operated rams which either push or pull against brackets 
fitted to the lifting frame ; one of brackets can be 
seen in Fig. 1 immediately above the off-side front 
wheel. In order to accommodate the forks and the 
lifting frame, the truck is propelled by the front wheels 
and steered by the rear wheels. 

The motive unit, which also drives the pump for the 
hydraulic lifting system, is a four-cyli 
4EL/AV Meadows petrol engine having a bore and 
stroke of 95 mm. and 130 mm., ively, which 
gives a cubic capacity of 3,686 c.c. and an R.A.C. rati 
of 22-4 h.p. ine is governed to a maximum 
2,000 r.p.m., at which Pe it develops 46 brake horse- 

It is of monobloe construction, the cylinder 
lock being cast in one piece with the upper portion of 
the crankcase, and the cylinder head, which is detach- 
able, is fitted with overhead valves operated in the usual 
manner by rocking levers and rods. Aluminium 
die-cast pistons are used in conjunction with H-section 
forged-steel connecting rods, the bottom ends being 
fitted with white-metal lined bearings. The crankshaft 
is carried in three white-metal lined bearings, which are 
supplied with oi] under pressure from a gear-type pump, 
the crankshaft being drilled for bottom end lubrication. 
Thermo-syphon cooling is employed, which is assisted 
by an engine-driven pump and fan. In order to 
accommodate the hydraulic p, the standard centri- 
fugal governor is removed, the dynamo being fitted in 
its place and the pump fitted in the position originally 
occupied by the dynamo. A new governor, which 
automatically short-circuits the ignition at the gov- 
erned s , is fitted inside the distributor head. 

The drive from the engine is transmitted to a two- 
speed gearbox through a single-plate Borg and Beck 
clutch. The truck, as previously mentioned, is pro- 
pelled by the front wheels and the gearbox is coupled 
directly to the front-axle casing, there being no inter- 
mediate propeller shaft. The drive is taken to the 
front-axle half-shafts through the usua] arrangement 
of bevel wheel and pinion, and the front road wheels 
are driven by pinions fixed to the outer ends of the half- 
shafts which mesh with internal circular racks formed 
within the wheels. The truck is steered by the rear 
wheels and the rear axle, which is a solid forged- 
steel beam, is, therefore, fitted with the usual swivelling 
stub axle and hub components. A standard Marles 
steering box is fitted and the steering motion is trans- 
mitted to the rear wheels through centre-divided Acker- 
mann linkage. Semi-elliptic springs are fitted to the 
rear axle only, the front of the vehicle being unsprung. 
The front wheels are fitted with Lockheed internal- 
expanding hydraulic brakes and a hand parking brake 
operates on the transmission shaft. The frame, which 
is exceptionally robust, is fabricated from } in. mild- 
steel plate and is of welded construction through- 
out. 

The engine-driven pump for operating the hydraulic 
lifting system is a positive-action screw-type pump 
known as the “ Imo,”’ manufactured by Messrs. Mirrlees, 
een ma —— P sen no Hazel Grove, Stock- 
port. illustra escription of this type of 
will be found in Ena@rvesrnye, vol. 146, wean Sib 
(1938), but a brief description may be given here. 
Basically, the pump consists of three steel screws, 
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the axes of which are parallel to each other and 
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in the same plane. The centre screw meshes with the 
two outer screws and they run in the three bores formed 


“ 


in the pump casing, the central bore “ running into ” 
the two outer bores. The pumping effect is obtained 
by rotating the screws, the central screw constituting 
the driven member, the thread of which acts as a 
continuous piston, while the side screws act merely 
as seals. It will be understood that this type of pump 
is very smooth in action, there being a complete 
absence of pulsation. 

Apart from the pump, the hydraulic equipment is 
supplied by Messrs. Automotive Products Company, 
Limited, Leamington Spa, and the arrangement of the 
hydraulic system is shown diagrammatically in Fig. 2, 
which will serve to illustrate the method of opera- 
tion. The engine-driven pump @ draws oi! from the 
reservoir b and delivers it through a three-way con- 
nection either to the main control valves ¢ and d 
through the non-return valve e, or to the pilot- 
operated relief valve f and thence to the reservoir 
through the pipe g. The relief valve f is controlled by 
the piston h, which is integral with the valve spindle 
and divides the valve body into two separate chambers 
connected to each other by a small port formed in the 
piston. When both the main control valves ¢ and d 
are closed, oil from the pump enters the lower chamber 
of the valve f and a small proportion of the oil passes 
through the port in the piston to the upper chamber. 
Due to the pressure-drop through the port, however, 
the pressure on the under surface of the piston is 
greater than that on the top surface and the valve is, 
therefore, held from its seat, thus allowing the greater 
part of the oil to flow from the pump directly to the 
reservoir. The smal] quantity of oil which passes 


through the port is led by the pipe j to the ends of the | backw 


two main control valves and then, by way of the control 
valve drains, to the reservoir. The flow of oil through 
the ends of the control valves, however, is controlled by 
the auxiliary piston valves k and 1, which are integral, 
and operated simultaneously, with the main control 
valves d and c, respectively. In order to make the 
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method of operation clear, an enlarged view of the 
auxiliary piston valve for the hoist-control valve is 
shown in Fig. 3, while the auxiliary piston valve for 
the tilt-contro] valve is shown in Fig. 4, the valves 
being in their neutral positions. When the main control 
valves are in their neutral positions, the auxiliary 
piston valves are open and the oil by-passed through 
the piston of the pilot-operated relief valve f is free to 
return to the reservoir. If, however, the hoist-control 
valve d is moved to the right, the corresponding 
auxiliary piston valve k also moves to the right, thus 
closing the valve and causing a rise of pressure in the 
line j. The pressure on both sides of the pilot-operated 
relief-valve piston h is rapidly equalised and the valve 
is closed by a light spring incorporated in the upper 
chamber. Oil under pressure is now delivered to the 
hoisting cylinder m through the port n of the hoist- 
control valve, which is opened at the same time as the 
auxiliary piston valve is closed. 

The maintain the load at any required height, the 
hoist control valve d is returned to its neutral position, 
which opens the auxiliary piston valve k, thus allowing 
the pilot-operated relief valve to lift and by-pass the 
oil from the pump directly to the reservoir. To 
lower, the hoist-control valve is moved to the left, 
which results in the port n being connected to the drain 
0, which is common to both valves and is connected to 
the reservoir by the pipe p. It will be seen from Fig. 3 
that the auxiliary piston valve k only comes into 
operation when the hoist-control valve d is moved 
to the right, and the line j is therefore open during the 
lowering operation. Oil is admitted to the tilting 
cylinders g in the same manner, but whereas only one 
side of the hoist-control valve is used, both sides of the 
tilt-control valve are used owing to the fact that the 
tilting cylinders have to impart both forward and 
ards motion to the lifting frame and are, there- 
fore, double acting. For the same reason, the corre- 
sponding auxiliary piston valve / is double acting, and 
it will be seen from Fig. 4 that the by-pass line j is 
closed when the tilt-contro] valve c is moved either 
to the left or right. Damage to the system is prevented 
by the relief valve r, which is set to operate at the 
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maximum permissible pressure. The hoist-control valve 
d is operated by the lever s, which is moved to the left 
for hoisting and to the right for lowering, while the 
tilt-control valve c is operated by the lever t, which is 
moved to the left for backward tilt and to the right for 
forward tilt. Both valves are réturned to their middle, 
or neutral positions by springs included in the valve 
mechanisms, and they are bolted together so that the 
pressure and drain connections are common to both. 
The non-return valve e is fitted to prevent the oil from 
draining back through the pump should the engine stop 
during the hoisting or tilting operations. 

The lifting mechanism consists of two separate 
frames, the uprights of a movable frame sliding within 
the uprights of a stationary frame. The hoisting piston 
is attached to a crosshead which, in turn, is fixed to the 
upper end of the movable frame and fitted with two 
sprockets over which pass long chains. One end of each 
chain is fixed to the stationary frame while the other 
ends are fixed to the lifting forks, thus allowing the 
forks to be lowered to ground level and at the same 
time increasing the movement of the forks in relation to 
the piston in the ratio of 2to 1. The tilting and lifting 
mechanism is very smooth in action and, according to 
the manufacturers, the forks can be elevated to the 
maximum height in 15 seconds when carrying a load 
of 2 tons. The forks tilt backwards through an angle 
of 10 deg. and forwards through an angle of 3 deg., 
the time taken for these movements being 2 seconds 
and 1 second, respectively. The overall height, when 
the forks are raised to the maximum lift of 9 ft., is 
15 ft., the corresponding height with the forks at ground 
level being 7 ft. 2in. The width of the truck is 3 ft. 
and the overall length, including the forks, is 10 ft. 
which, with a wheelbase of 3 ft. 114 in., gives an outside 
or maximum turning radius of 7 ft. 2in. The unladen 
weight of the truck is 3 tons, while the maximum speed 
is 15 m.p.h., and it is capable of hauling a trailed load 
of 4 tons in addition to 2 tons on the forks. The equip- 
ment includes a 12-volt lighting and starting set’and an 
oil pressure gauge, petrol gauge and ammeter are 
mounted on an instrument panel fixed to the engine 
casing. 
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TABLE-KNIFE SHOULDERS. 


MESSRS. A. A. JONES AND SHIPMAN, LIMITED, LEICESTER. 


GRINDING MACHINE FOR TABLE- 
KNIFE SHOULDERS. 


THe accompanying illustration shows of a 
grinding machine manufactured by Messrs. A. A. Jones 
and Shipman, Limited, Narborough-road South, 
Braunstone, Leicester, and adapted for a single specific 
operation, namely, that of finishing the shoulder on 
table knives. As is generally known, and as will be 
evident from the illustration, this shoulder, technically 
called the bolster, is usually of elliptical contour in 
cross section and has also a peripheral groove as a con- 
ventional ornament. Such a shape is admittedly 
difficult to produce by hand filing methods, or even by 
grinding with the knife blade held in the hand. The 
use of the attachment illustrated makes the operation 
simple and rapid, since semi-automatic operation is 
provided. The axis of the grinding wheel is fixed, 
but the work is advanced and retracted to suit the con- 
tour desired, this movement constituting the cutting 
feed. The main spindle of the attachment is provi 
with a collet which grips the tang of the knife, while the 
actual blade is supported in a holder, not shown in the 
illustration. The attachment, which is mounted on the 
table of the machine, is moved towards and away from 
the grinding wheel by means of a master cam. 

The grinding operation consists of placing the knife 
blank in the collet and blade holder, the latter being 
designed so as to locate the rough forging in its correct 
relationship to the cam, thus ensuring the removal of a 
minimum amount of metal. The machine is then 
started up by using a press button, and the work is 
advanced and retracted automatically. Feed is given 
after every revolution of the work, by automatic 
advance, until the correct size has been reached, when 
the machine is automatically stopped by a switch 
operated from the cam mechanism. It will be clear 
that since the bolster has a central peripheral groove, 
@ straight-edged grinding wheel cannot be used. The 
wheel is accordingly formed to suit the cross-section of 
the groove, the contour being kept constant as the wheel 











rotates by means of a dressing device mounted on 
the wheelhead and operated by a lever and hand- 
wheel. This forming gear is seen at the top right-hand 
corner of the illustration. The time required from the 
commencement to the finish of the operation can be 
varied, according to the material, size, etc., of the knife 
blade, by means of a mechanism for which, it is stated, 
a patent application has been made, It may be 
mentioned that, in some types of knife, it may be 
desirable to hold the blade of the knife and not the 
tang in the work spindle. In such cases the collet is 
replaced by a suitable gripping device. 





WeEtsH INpDusTRIES Farr, LONDON.—A Welsh 
Industries Fair will be held at the Royal Horticultural 
Hall, Westminster, London, S.W.1, from Wednesday 
January 1, until Tuesday, January 7. It is being 
organised by the National Industrial Development 
Council of Wales and Monmouthshire, and in addition 
to switchgear, conveyors, marine engines and other 
engineering exhibits, will include a display of consumer 
goods from the light industries now established in the 
Principality. 





SEVENTY-FIFTH ANNIVERSARY OF ELECTRICAL FIRM. 
—A leaflet issued by Messrs. William Geipel, Limited, 
156, Bermondsey-street, London, 8.E.1, recalls the 
fact that the firm was founded at Covent Garden in 
1871 to supply electric bells, batteries and indicators. 
Later, Wheatstone bridges and other instruments were 
added and installation work was undertaken, Oovent 
Garden Theatre and Queen’s Hall being among the build- 
ings equipped. In the early part of the present century, 
the firm moved to Bermondsey, where the manufacture 
of motor starters and control gear was begun. Later, a 
factory for turning out electric cable was constructed at 
Alperton. During the war, the works were employed in 
making radar, anti-submarine and other devices for the 
Admiralty, but they have now been reconverted for 
peace-time production. 


MOLYBDENUM STEEL RIVETING. 


Tue closing of molybdenum-steel rivets by means 
of an electrical riveting machine has been attended 
hitherto by certain difficulties, but Messrs. Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, have developed a device which 
has removed at least one of them, namely, the very 
short life of the conventional riveting tips. The 
firm employ the device in assembling turbine blading 
and suggest that, since it is not intended to patent the 
idea, this account may be found of service by other 
manufacturers. As practised by Messrs, Metropolitan- 
Vickers, the blading assembly is as follows. e tur- 
bine blade sector is dovetailed into a slot in the outer 
periphery of the turbine-wheel disc, and molybdenum- 
steel rivets, ranging from 0-28 in. and 0-405 in. in 
diameter, secure the sector to the disc and prevent any 
possible movement in the slot. The steel contains 
0-5 per cent. of molybdenum and thus requires @ 
heavy closing pressure. At the same time the upsetting 
temperature has to be kept as low as ible in order 
to prevent hardening of the rivet h to a condition 
where the tools used in the subsequent machining would 
be damaged and where lower cutting speeds would 
have to be employed. The electrical riveting machines 
used for this particular operation were originally fitted 
with plain tips of tungsten-copper, which proved 
quite satisfactory when mild-steel rivets were to be 
handled. They were not very effective, however, 
with the higher pressures required for molybdenum- 
steel rivets, and the life was very short. 

The first attempt at overcoming these disabilities was 
to use the firm’s sintered tungsten-carbide material 
known as “ Cutanit.”” This material, as is well known, 
has proved of considerable service for tipping tools 
used in the machining of tough metals and it was con- 
sidered, therefore, that it would serve equally well as a 
welding tip for the molybdenum-steel rivets. It was 
found, however, that it was liable to crack under the 
severe hammering action of the machine and was 
otherwise unreliable; one tip might have a life of 
100 operatiors and another might crack in one opera- 
tion. Complete success was obtained by the adoption 
of the tip device which, Messrs. Metropolitan-Vickers 
state, was based on an idea of an employee put forward 
under the company’s suggestion scheme. The end 
of the electrode is of normal conical shape and is of 
copper with central water cooling. On the truncated 
end of the cone is a projecting spigot over which is 
placed a molybdenum-steel cup having in its upper face 
a relatively deep recess which holds the dise of Cutanit 
formirg the actual tip. The tip, of course, projects 
beyond the cup. Although the tungsten-carbide tips 
are employed to withstand the high pressures obtaining, 
a material of this type having low heat conductivity has 
to be used in order to enable the rivet head to heat 
evenly with the rivet stem. In the earlier experiments 
it was found that when tips of high heat conductivity 
were used, a smal] area of unheated metal was left on 
top of the rivet after upsetting had taken place. 

A riveting operation is, briefly, as follows : initially, 
the electrode tips are brought together with full pressure 
behind the actuating piston, this resulting in rapid 
traverse of the tips, but just prior to the contact 
of the tips with the rivet, that is, at the end of the 
piston stroke, an air cushion is automatically estab- 
lished below the piston and the rivet is gripped by the 
resulting differential pressure, when the total pressure 
on the rivet may be of the order of 800 Ib. This 
pressure is maintained during the heating period, 
which is accurately timed and may vary from 1-5 
seconds to approximately 3 seconds, depending on 
the size of the rivet. At the end of the heating period, 
the pressure is increased to upset the rivets into the 
countersunk holes in the turbine disc. The upset 
pressure may be equivalent to 195,000 lb. per square 
inch and the current employed of the order of 125,000 
amperes per square inch of rivet section. The machine 
is arranged so that for pressures below those used 
during the heating period, the movement of the elec- 
trodes, which are mechanically locked, is equal. For 
higher pressures the top electrode may move through 
a greater distance than the lower one, or vice versa, 
this arrangement, for flexibility in operation, being 
necessary since the amount of upset is not invariably 
equal on both sides of the turbine-wheel disc. 





Loans TO ELecrricrry SupPLy UNDERTAKINGS — 
During the eighteen months ended September 30, 1946, 
local authorities borrowed sums amounting in the 
aggregate to 93,221,2201. for the purposes of their elec- 
tricity undertakings. Of this total, 75,437,2081. was 
for generation and 7,476,396l. for distribution purposes, 
in each case including sums allocated for building. The 
remainder was for the purchase of buildings, mains and 
services, meters and instruments, wiring and apparatus. 
During the same period, the Central Electricity Board 
borrowed 2,125,0001., of which 1,075,0001. was on account 
of generating stations, 430,0001. for distribution, and 





400,0001. for mains. 
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LAUNCHES AND TRIAL TRIPS. 


8.S. “ Rio TEvco.”—Single-screw cargo vessel built by 
Messrs. Short Brothers, Limited, Pallion, Sunderland, for 
the Administracién General de la Flota Mercante del 
Estado, Buenos Aires. Main dimensions: 441 ft. 6 in. 
by 57 ft. by 36 ft. 10 in. to shelter deck; deadweight 
capacity 9,100 tons on a draught of 25 ft. 14in. Triple- 
expansion engine of their latest “‘ Reheat ” design sup- 
plied by Messrs. George Clark (1938), Limited, Southwick, 
Sunderland, the associate firm of Messrs. The North East- 
ern Marine Engineering Company (1938), Limited, 
Wallsend-on-Tyne. Launch, November 11. 


8.S. “‘ ATHENIC.”-—Twin-screw passenger and refriger- 
ated cargo liner for service to Australia and New Zealand. 
Built by Messrs. Harland and Wolff, Limited, Belfast. 
to the order of Messrs. Shaw Savill and Albion Company, 
Limited, London. Main dimensions: 530 ft. by 71 ft. 
by 43 ft. 4} in. to shelter deck ; estimated gross tonnage 
15,000, loaded summer draught 29 ft.6in. Three-turbine 
drive to each screw through single-reduction gearing. 
Launch, November 26. 


8.S. “LocH Avon.”—Single-screw refrigerated and 
general cargo liner for North Pacific service. Built by 
Messrs. Harland and Wolff, Limited, Belfast, for Messrs. 
Royal Mail Lines, Limited, London. Main dimensions : 
470 ft. by 66 ft. by 41 ft.; deadweight carrying capacity 
of 10,470 tons on a draught of 28 ft. 6 in. Double-reduc- 
tion geared turbines developing 10,500 shaft horse-power, 
Launch, November 27. 

M.S. “ BRITISH ENTERPRISE.”—Single-screw tanker 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. British Tanker Com- 
pany, Limited, London. Overalllength: 423 ft.; dead- 
weight carrying capacity, 8,400 tons on a draught of 
25 ft. Three-cylinder opposed-piston oil engine. Trial 
trip, November 28. 


M.S. “‘ SHANsI.”—Single-screw passenger and cargo 
vessel built and engined by Messrs. Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock, to the 
order of Messrs. China Navigation Company, Limited, 
London. Main dimensions: 298 ft. by 46 ft. by 25 ft. to 
upper deck ; gross tonnage about 3,100, loaded draught 
18 ft. Doxford-type opposed-piston four-cylinder engine 
of 1,900 brake horse-power. Launch, November 28. 

S.S. “Rio GuaLEGuAY.’’—Single-screw cargo vessel 
built by Messrs. Short Brothers, Limited, Pallion, Sunder- 
land, for the Administracién General de la Flota Mercante 
del Estado, Buenos Aires. Main dimensions : 441 ft. 6 in. 
overall by 57 ft. by 36 ft. 10 in. to shelter deck; dead- 
weight carrying capacity, 9,200 tons on a draught of 
25 ft. 14 in. Triple-expansion “‘ Reheat” type engine 
installed by Messrs. George Clark (1938), Limited, South- 
wick, Sunderland, for maintaining a speed of 11} knots 
in service. Trial trip, November 29. 


8.S. “ Papvua.”—Single-screw trawler built and engined 
by Messrs. Hall, Russell and Company, Limited, Aber- 
deen, for Empresa Comercial e Industrial de Pesca, 
S.A.R.L., “ Peseal,” Lisbon. Main dimensions: 238 ft. 
overall by 35 ft. 3 in. breadth extreme by 19 ft. 8 in. to 
upper deck; hold capacity, 41,000 cub. ft. Triple- 
expansion engine of 1,150 indicated horse-power and two 
oil-fired boilers. Launch, December 5. 

LIGHTSHIP.— Built to the order of the Corporation of 
Trinity House, London, the fourth of a series of five light- 
vessels was launched from the Noss Shipyard of Messrs. 
Philip and Son, Limited, Dartmouth, on December 5. 
The firm has received an order for a further four light- 
ships from Trinity House. 


S.S. “‘ Vernon.”’—Single-screw cargo vessel built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for the French Government. 
sions: 415 ft. by 55 ft. 6 in. by 34 ft. to shelter deck ; 
deadweight capacity, 7,500 tons on a draught of 23 ft. 
Double-reduction geared turbines, Parsons type, con- 
structed by the Central Marine Engine Works of Messrs. 
William Gray and Company. Launch, December 9. 


M.S. ** HARPALION.’’—Single-screw grain and general 
cargo vessel built by Messrs. Burntisland Shipbuilding 
Company, Limited, Burntisland, to the order of the 
National Steamship Company, Limited, managed by 
Messrs. J. and C. Harrison, Limited, London. Main 
dimensions: 445 ft. by 59 ft. 6in. by 37 ft. 7 in. to shelter 
deck ; deadweight capacity, 9,800 tons on a draught of 
25 ft. 6 in. Opposed-piston two-stroke four-cylinder 
engine of 3,300 brake horse-power supplied by Messrs. 
William Doxford and Sons, Limited, Sunderland. 
Launch, December 9. 





FiIsH AND MARKET DEPOT, WESTBOURNE PAaRK.—A 
new Great Western Railway fish and market depot is 
to be built at St. Ervan’s-road, Westbourne Park, London, 
W.10, to provide more suitable accommodation for dealing 
with traffic of this class, at present handled at Padding- 
ton Station. A covered platform, offices and staff rooms 
and water-supply, drainage and lighting and heating 
equipment are included in the plans. 


Main dimen- }’ 
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Printing and Allied Trades Research Association, 
Charterhouse Chambers, Charterhouse-square, London, 

‘ E.C.1. [Price 10s. net.] 

Aeroplane Performance Theory for Pilots and Flight 
Engineers. By E. Davison. Sir Isaac Pitman and 
Sons, Limited, Parker-street, Kingsway, London, 
W.C.2. [Price 8s. 6d. net.) 

Job Evaluation. By Forrest H. JOHNSON, ROBERT 
W. Boge, JuNR. and DUDLEY Pratr. John Wiley and 
Sons, Incorporated, 440 Fourth-avenne, New York 16, 


U.S.A. [Price 3.75 dols.] Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
22s. 6d. net.) 


Soft Water for Loco. Boiler Feed. By B. D. Fox. The 
Locomotive Publishing Company, Limited, 88, Horse- 
ferry-road, Westminster, London, §8.W.1. [Price 

10s. net.) 





DEc. 13, 1946. 


PERSONAL. 


Sir James Cuapwick, D.Se., F.R.S., Lyon Jones Pro. 
fessor of Physics in the University of Liverpool singe 
1935, has been appointed Pro-Vice-Chancellor of the 
University in succession to PROFESSOR J. PROUDMay, 
M.A., D.Se., F.R.S., who has held the appointment fop 
the past five years. 

Sik BEN LOOCKSPEISER, F'.R.Ae.S., M.I.Mech.E., who 
succeeded Dr. D. R. Pyz, F.R.S., as Director General of 
Scientific Research (Air), Ministry of Aircraft Production, 
in January, 1943, has now been appointed Chief Scientist 
to the Ministry of Supply. Mr. H. M. GARNER, M.A,, 
F.R.Ae.S., has been made Principal Director of Scientific 
Research (Air), Mr. T. R. B. SANDERS, formerly 
Assistant Chief Engineer of Armaments Design in the 
Ministry of Supply, becomes Principal Director of Tech- 
nical Development (Defence), Dr. BE. T. Paris has been 
made Principal Director of Scientific Research (Defence), 
and Mr. 8. Scorr-Hatu, formerly Superintendent of 
Performance Testing at the Aeroplane and Armaments 
Experimental Establishment in Wiltshire, has been ap- 
pointed Principal Director of Technical Development 
(Air). 

Mr. Henry Woopatt, M.Inst.C.E., M.I.GasE., who 
was appointed a director of the Gas Light and Coke Com- 
pany in 1913 and was made Deputy Governor in 19256, is 
retiring on December 31. 

Mr. H. A. GARNETT, senior engineer surveyor on the 
London outdoor staff of Liloyd’s Register of Shipping, 
has been appointed the Society’s pringipal surveyor for 
Australia and New Zealand. Mr. E. F. BuTLER has been 
appointed as surveyor to the Society. 

Mr. KENNETH HALL has resigned the managing direc- 
torship of the Indian Aluminium Company to become the 
managing director of the Northern Aluminium Company, 
Limited, Mr. 8. E. CLorwortny has also been appointed 
to the board, which, in addition to Mr. Hall and Mr. 
Clotworthy, consists of Mr. D. CANNON BROOKES and 
Mr. H. C. THomas. 

Mr. T. H. SKELTON has retired for health reasons from 
his position as manager of the electric-melting, Trope nas 
steel-converter and foundry heat-treatment departments 
of Edgar Allen and Company, Limited, Imperial Steel 
Works, Sheffield, 9, but will still be available as a con- 
sultant. Mr. Skelton has been succeeded by Mr. W. H. 
EVERARD. 

SquaDRON LEADER J. WALLIS, who, until recently, 
was on the permanent staff of the British Air Commission 
in Washington, U.S.A., has been appointed representative 
for North America of Messrs. THe HyMaTic ENGINEER- 
inc Company, LiMiTED, with an office in Washington. 

Mr. JoHN LAWTON has been appointed area manager, 
Eastern Counties, of Messrs. Ferranti Limited, Hollin- 
wood, Lancashire, in place of Mr. R. J. HEBBERT, who is 
now permanently stationed at Hollinwood. 

Mr. F. A. DAVENPORT, factories development engineer 
at the Fort Dunlop Works of the Dunlop Rubber Com- 
pany, Limited, has been appointed deputy chief engineer 
at the firm’s Speke factory, where he helped to install the 
plant, as he did at Messrs. Dunlop’s Caleutta factory. 


Mr. G. D. PounpER, M.I.Mar.E., A.M.Inst.Pet., after 
nine years on the technical staff of the department of the 
Engineer-in-Chief, Admiralty, has joined the staff of the 
Iraq Petroleum Company, Limited, London. 

Mr. CHARLES MESLING, senior industrial liaison officer 
of the Council of Industrial Design, has resigned this 
appointment to join Messrs. Allen-Bowden, Limited, 4, 
The Parade, Leamington Spa, Warwickshire, as general 
manager. He will operate from the firm’s London offices 
at 4, Lygon-place, S.W.1. (Telephone: SLOane 7291.) 

Mr. H. Rogers has been appointed to the Colonial 
Office as an executive engineer in the Public Works 
Department, Nigeria. 

Mr. E. G. HOWELL has been placed in charge of the 
ferrous-scrap trade, for the southern region, of the raw- 
materials division of George Cohen, Sons and Company, 
Limited. 

Mr. G. BULLOCK, B.Se., has joined the staff of the 
British Non-Ferrous Metals Research Association, 
Euston-street, London, N.W.1, as an investigator. 

The Board of Trade announce that Messrs. ROLIs- 
Royce Liirep, are to continue to occupy some of the 
blocks at the Hillington Factory, Glasgow, S.W.2, and 
hope eventually to employ between three and four thou- 
sand persons. RENFREW FOUNDRIES, LIMITED, are 
occupying some of the other blocks and most of the 
remaining premises have now been allocated by the 
Board of Trade. 





REINFORCEMENT OF BRANCH PIECES : ERRATUM.—We 
regret that in the instalment of Mr. J. S. Blair’s article 
published in our issue for December 6, a printers’ error 
occurred, on page 530, in the eighth line from the bottom 
of the first column, where Tw was substituted for TG. 
Probably the error was apparent to readers. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—Supplies are becoming scarcer owing to 
heavy orders and fresh inquiries on hand, Shipyards and 
marine-engineering works are specifying heavily, and 
the weekly steel quota for these regular customers. 
hardly meets requirements, so that their production 
has slowed down. slightly. For ordinary new business, 
sections and plates are unprocurable in less.than six 
months from the order. The sheetmakers are working 
at full pressure to meet commitments, but it is clear a 
very heavy carry-over of orders into the New Year will 
be inevitable. Housing sheets are in greatest demand 
at the moment, but the motor industry is also pressing 
for supplies. It appears that deliveries of sheets for 
motor-car production have been maintained at a steady 
level, and that thisdevel will be maintained next year, 
but the inereased quantities necessary for motor-car pro- 
duction to expand next year will not be available ; some 
makers of sheets, however, are hoping that they will be 
able to produce some additional tonnage. Exports of sheets 
are being cut down drastically, and the reduced quota 
is such that sheetmakers are not accepting orders for 
delivery even for the remote months of 1947. Wagon 
and transport facilities generally are a serious problem, 
and one that appears to be becoming worse. The 
quantity of finished steel lying at works is causing 
congestion and retarding production. 

Scottish Coal.—With outputs steady and the demand 
increasing, the difficulty in maintaining the existing 
programme is becoming The announcement of 
fuel and power cuts by . Shinwell may require: the 
programme to be revised. The state of affairs at those 
consuming points for which special pre-holigay provision 
must be made is such that the additional coal required will 
largely outweigh any possible compulsory savings. 
Coke ovens, for example, have only about two days’ 
reserve, and coal will have to be found to keep them in 
operation during New Year’s week, when the pits will 
be practically idle. Electricity consumption has again 
risen and, last week, supplies had to be cut at peak-load 
periods. The gasworks were fairly quiet and apparently 
satisfied with their coal supplies, but steelworks are 
pressing for coal. House-coai allocations were met in 
full, and the position remains satisfactory. Gas char 
and anthracite met a much heavier demand and deliveries 
are taking a little longer. 

Scottish Aluminium Industry.—Details are still lacking, 
but it is understood that efforts are being made to increase 
the production of aluminium sheets and sections. The 
production of aluminium-alloy sections is much more 
complicated than that of sheets. The aluminium-sheet 
mills at Falkirk are being prepared for & greater produc- 
tion. The bulk of the aluminium sheets turned out in 
Britain are believed to be from Falkirk. In view of the 
acute scarcity of steel, plans are being considered to 
replace steel sections with aluminium-alloy sections. 
Scotland's resources for the production of pure aluminium 
are considerable ; the largest is at Burntisland, but there 
are other large works at Foyers, Kinlochleven, and Fort 
William. The complement to this development would 
be a new works to fabricate all kinds of industrial sections, 
thus rounding off the sheet output and providing a sauree 
of structural and industrial aluminium p 
to the present range of similar steel products. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Tron and Steel.—The production of steel has been 
reduced considerably by cuts in gas supplies. Bet 
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The Welsh Coal Trade.—It was understood on the 
Welsh steam-coal market last week, following an informal 
meeting between representatives of the South Western 
Division of the National Coal Board and colliery sales 
departments at Cardiff, that from December 31 all 
operatives on the coal-sales side, selling agencies, sub- 
agents, factors, etc., will continue, for the time being, 
to operate as at present. The collieries, however, will 
lose their separate identities and will become known as 
units of the Nationa] Coal Board. The present intention 
seems to be to subdivide the Division into three main 
regions. It seems likely that one of these will be for the 
steam and bituminous areas with headquarters at Cardiff, 
one for the anthracite area centred at Swansea, and one 
for the Forest of Dean and the Somerset coalfields. 
There was very little coal available for early business 
on the Welsh steam-coal market last week, although 
out puts at the mines continued to show steady expansion. 
As a result, salesmen had to concentrate on supplying 
the most pressing requirements and users had to accept 
some of the poorer sorts. Home requirements remain 
heavy for some time ahead, and there is little prospect of 
any early improvement in the export trade. Practically 
the only shipments being made abroad, during the past 
week, were in respect of the allocations of coke breeze 
and some of the very poorest qualities, limited quantities 
of which were sent to Eire. Bunker business was active, 
for the principal home and overseas coaling depots. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the demand for tin-plates was maintained. 
and, as home consumers are placing orders fer delivery 
during the first quarter of next year, conditions continue 
active. The increased production has enabled a slightly 
larger volume of business to be transacted in the export 
market, but the quantities fall far short of pre-war orders. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Iron and steel producers are greatly 
hampered by heavy accumulations of undelivered 
material and the inadequacy of rail transport. The 
output of the Cleveland ironstone mines is still very 
disappointing and the fuel situation, which is somewhat 
less unsatisfactory than of late, still occasions uneasiness. 
Good supplies of foreign iron ore are, however, coming to 
hand. The lack of facilities for the distribution of iron 
and steel is retarding industrial operations and checking 
progress in the work of reconstruction. Fortunately, 
good iron and steel scrap from overseas continues to be 
fairly plentiful and its free use at foundries and steel 
furnaces is enabling firms providing pig iron to distribute 
nearly sufficient tonnage for their consumers’ urgent 
requirements but users of high-phosphorus pig continue 
to press for larger allocations. Finished products are 
wanted in much larger quantities than are obtainable. 


Foundry and Basic Iron.—Complaints of the shortage 
of ordinary foundry pig iron are increasing and the pros- 
pects of much improvement in the supply are not bright. 
The cessation in output of Cleveland brands is compelling 
owners of light foundries to draw supplies from producing 
areas at a distance, and Midland makers are being urged 
to increase deliveries to North East Coast consuming 
plants. The basic blast-furnaces continue to produce 
iron on a sufficient scale to meet Tees-side requirements. 


Hematite, Low-Phosphorus and Refined Iron.—KEast 





12 and 15 million cub. ft. of gas a week have been taken 
off supplies to steelworks, each of which is informed in 
advance when the curtailments will take place. The 
large consumers are divided into three groups, and their 

lies are reduced in turn. Leading firms are proceed- 
ing without variation with their programme of develop- 
ment and expansion, regardless of nationalisation 
proposals. Well-filled order books are general, and every 
effort is being made to expedite deliveries, a task which 
is difficult to acoomplish in view of shortages of fuel 
and insufficient skilled labour. A leading Sheffield 
industrialist states there are signs already that the sellers’ 
market overseas is fading away. 


South Yorkshire Coal Trade.—Some pits continue to 
exceed their target outputs, btt the aggregate production 
falls far short of requirements. There are delays in the 
movement of coal trains and trains of empty wagons, 
and these tend to offset the small improyements in produc- 
tion. The use of fuel-oilin industry and on the railways, 
and further plans for its adoption have eased the demand 
for coal to some extent. Public-utility undertakings 





continue to press for supplies in preparation for heavier 
demands for gas and electricity at Christmas and the 
New Year periods. The Sheffield and District Gas 
Company haye only about 5,000 tons of coal in reserve, 
compared with about 90,000 tons at this time of the year 
in pre-war days. Wet weather has impeded the produc- 


Coast hematite is in strong demand and is not so readily 
obtainable as it was a short time ago. Merchants’ hopes 
to secure permits to deal with the extensive demand 
from overseas customers have practically vanished and 
allocations for home purposes are only sufficient for 
essential requirements. The demand for low- and 
medium-phosphorus iron is absorbing the outputs, and 
users of refined iron are readily accepting any parcels 
available for distribution. 

Manufactured Iron and Steel.—The outputs of most 
classes of semi-finished and finished iron arein increasing 
request and the demand for all descriptions of steel is 
vastly greater than producers can handle. Re-rollers 
have heavy commitments and the continued acute 
scarcity of billets is seriously jeopardising operations at 
the mills. The shortage of wagons is holding up the 
heavy accumulations of tonnage at plants turning out 
finished commodities. Steel-sheet makers are concen- 
trating on efforts to reduce the arrears of deliveries, and 
are paying little attention to the numerous offers of new 
business. Plate producers are extensively sold and are 
also not inclined to book further orders. Rollers of 
joists and sections have bookings that will keep them 
very actively engaged for some months and firms turning 
out rails, railway chairs, points and crossings have work 
in hand that assures the full employment of their plants 
for a considerable time. Producers of pit props, arches 





tion of outcrop coal. 


and colliery roofings are also busily occupied. 


column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre: Monday, December 16, 6.15 p.m., 
Neville Hall, Newcastle-upon-Tyne. ‘“‘ Power Supply for 
Generating Station Auxiliary Services,” by Mr. W. 
Szwander. North-Western Centre: Tuesday, December 
17, 6 p.m., Engineers’ Club, Manchester. Discussion on 
“The Cathode-Ray Oscillograph as a Universal Test 
Instrument,” opened by Mr. E. C: Cherry. Scottish 
Centre : Wednesday, December 18, 6 p.m., Heriot-Watt 
College, Edinburgh. ‘“ Naval Fire-Control Radar,” by 
Messrs. J. F. Coales, H. C. Calpine and D.'S. Watson. 
Institution : Thursday, December 19, 5.30 p.m., Victoria- 
embankment, W.C.2. Joint Meeting with INSTITUTION OF 
MECHANICAL ENGINEERS. “ Future of Pulverised-Coal 
Firing in Great Britain,” by Mr. C. H. Sparks. 
INSTITUTION OF PRODUCTION ENGINEERS.—Halifax 
Section : Monday, December 16, 7 p.m., Whiteley’s Café 
Westgate, Huddersfield. “ Industrial Standardisation,” 
by Mr. J. O. Cooke. Sheffield Section: Wednesday, 
December 18, 6.30 p.m., Royal Victoria Hotel, Sheffield. 
“Heavy Machine-Tool Design,” by Mr. J. Rivers. 
Lonition Section: Thursday, December 19, 6.30 p.m., 
Institution of Mechanical Enginc ers, Storey’s-gate, S.W.1. 
“ Bevel Gears,” by Mr. G. W. Nash. _ Glasgow Section : 
Thursday, December 19, 7.30 p.m., 39, Elmbank-crescent, 
Glasgow. “ Sintered Carbides,” by Mr. E. M. Trent. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre : Monday, December 16, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘‘ Design of Braking Systems,” by 
Mr. F. A. S. Acres. Birmingham Centre: Tuesday, 
December 17, 6.30 p.m., James Watt Institute, Birming- 
ham. ‘“ Structural Problems of the Commercial Vehicle,” 
by Mr. V. W. Pilkington. Luton Centre: Tuesday, 
December 17, 7.30 p.m., George Hotel, Luton. “ Low- 
Temperature Starting of Petrol and Compression-Ignition 
Engines,” by Mr. R. Barrington and others. Bristol 
Centre: Thursday, December 19, 6.45 p.m., Grand 
Hotel, Bristol. ‘“ Powder Metallurgy in Automobile 
Engineering,” by Meesrs J. A. Judd and W. H. Tait. 

INSTITUTION OF CrvIL ENGINEERS.—Tuesday, Decem- 
ber 17, 5.30 p.m., Great George-street, S.W.1. “ West 
Middlesex Main Drainage,” by Mr. C. B. Townend. 

INSTITUTE OF REFRIGERATION.—Tuesday, December 
17, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘‘ The Evolution of Machine and 
Plant Design,” by Mr. B. C. Oldham. 

INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday,. December 17, 6 p.m., South 
Wales Institute of Engineers, Park-place, Cardiff. 
“ Mechanical Engineering and Agriculture,” by Mr. 8. J. 
Wright. Midland Branch: Thursday, December 19, 
6 p.m., James Watt Institute, Birmingham. Films: 
“The Mosquito” and “ Vampire, Hornet and Dove 
Aircraft.” North-Western Branch: Thursday, December 
19, 6.45 p.m., Engineers’ Club, Manchester. “ Aircraft 
Propulsion,” by Messrs. F. M. Green and J. E. Wallington. 
Southern Branch: Thursday, December 19, 6.45 p.m., 
Municipal College, Portemouth, “‘Gas Turbine Power 
Plants for Traction Purposes in Germany,” by Lieut.- 
Col. R. H. Bright. Institution: Friday, December 20, 
5.30 p.m., Storey’s-gate, S.W.1. “‘ Progress in Turbine 
Gear Manufacture in Recent Years,” by Mr. A. Sykes. 
“* Measurement of Errors in Gears for Turbine Reduction 
Drives,” by Mr. Cecil Timms. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, December 17, 6.15 p.m., 2, Savoy-hill, W.C.2. 
“ Mercury-Are Rectifiers,” by Mr. F. T. Cowley. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, December 17, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ Prefabricated Small Craft,” 
by Mr. R. L. Aitken. ‘“‘ Tugs of the Admiralty War-time 
Merchant Ship Programme,” by Mr. A. Caldwell. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, December 18, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. Discussion on “ Stan- 
dardisation of Locomotives and Components.” 

DiksEL ENGINE USERS ASSOCIATION.—Thursday, 
December 19, 2.30 p.m., Alliance Hall, Caxton-street, 
S.W.1. Annual Meeting: ‘“‘ Report on Heavy-Oil Engine 
Working Costs, 1944-45.” 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, December 19, 5 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘‘ Opencast Mining of Jurassic 
Tronstones of Great Britain,” by Dr. W. D. Evans. “‘ Ton- 
nage and Grade of Some Chromite Dumps,” by Mr. N. W. 
Wilson. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
December 19, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“ Engineering Economics,” by Sir Frank Gill. 

Royal AERONAUTICAL SocreTY.—Thursday, Decem- 
ber 19, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. ‘“‘ Evolution of the Spitfire,” by 





Mr. J. Smith. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 


tered Offices, and that no connection exists between | Contracts 


this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMPLE Bak 3663 and 3664. 


All editorial ce should be addressed 
to the Editor and all other correspondence to the 


Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2, 








SUBSCRIPTIONS. 


The price per copy of “ENGINEERING” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. At the same time, the 
edition printed on thin paper for foreign circu- 
lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 


Twelve months, including postage, for the 
United Kingdom and abroad £4 10s. 0d. 
and pro rata for six or three months. 


£4 5s. Od. 


All current subscription orders will be com- 
pleted at the old rates. 


Canada, for twelve months, 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch, 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
current week's issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years 
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THE STEAM WAGON. 


THE most casual observation of road traffic in 
this country will show that the number of vehicles 
driven by steam engines has fallen to a very small 
proportion of the total. At one time, there were a 
few private steam cars in service and their owners 
were in the habit of extolling the excellence of their 
performance on hilly country. That, however, was 
before the petrol engine had reached its present 
stage of development, and the likelihood of the 
reappearance of the private steam car seems small. 
In as far as the steam vehicle has retained any part 
of the field of road transport, it is in connection with 
the heavier types of commercial transport, but the 
rate at which it is losing ground is illustrated by the 
fact that while in 1927 there were 9,000 vehicles in 
service, the number has now fallen to 686. The rate 
of decline may be illustrated further by some inter- 
mediate figures; between 1934 and 1935, the num- 
ber of steam vehicles licensed fell by 841 and the 
number fitted with heavy-oil or petrol engi 
increased by 17,174; corresponding figures for 1935 
and 1936 were 298 and 20,517. Over the recent ten 
years, up to 1945, the decline in steam vehicles con- 
tinued, the total falling by a further 950, but in this 
decade the oil-engine vehicle also suffered and the 
total number licensed fell by 25,269. This latter 
phenomenon, however, was clearly due to war condi- 
tions and cannot be taken as any indication that the 
position of the petrol and oil-engine wagon is 
weakening. It is probable that not more than 
70,000 tons of fuel are consumed annually by steam 
vehicles at the present time. 

As apparently no steam wagons are being built, 
or have been built for a number of years, it may be 
taken that those still in operation must be nearing 
the end of their useful life, and that, unless conditions 
alter, they will disappear from the roads altogether 
in a comparatively few years. The steam vehicle 
has a considerably longer commercial life than its 





competitor, but it will not last forever. One of the 





reasons for the overwhelming number of oil-engine 
vehicles compared with those driven by steam is 
that the steam engine in its present form is suitable 
only for lorries of unladen weight above about 
4 tons. In June, 1945, the total number of goods 
vehicles licensed was 385,453 and of these only 11,725 
were of over 4 tons unladen weight, so that the 
present steam wagon is competitive in only a small 
part of the commercial-yehicle field. Of the total 
of 385,453 vehicles, no less than 222,366 were of 
2 tons unladen weight or less. There are various 
obvious reasons for this; such vehicles are legally 
permitted to travel at 30 miles per hour (this applies 
to all vehicles up to 3 tons unladen weight, but above 
that the legal limit is 20 miles per hour); they are 
relatively cheap; and they are entirely suitable for 
much of the traffic in manufactured and other goods 
which utilise road in preference to rail 
Even in the limited field open to it, the steam 
vehicle suffers from various disabilities ; the annual 
tax is levied on the unladen weight and a steamer is 
thus penalised to the extent of some 20 cwt. owing 
to the weight of the boiler and its fitments; the 
payload is the difference between the unladen 
weight and the legal gross weight, so that the steam 
wagon is handicapped by about 30 cwt. for water and 
fuel, which reduces its pay load ; it takes from three- 
quarters of an houf to one hour to start-up in the 
morning ; water has to be picked up en route which 
may restrict the services that can be undertaken ; 
there is difficulty in obtaining suitable fuel as com- 
pared with the widespread service available for 
petrol and oil engines and even such fuel as can be 
obtained may not be of uniform quality; on the 
score of alleged fire risk, steam. wagons are not per- 
mitted to enter certain warehouses and dock pre- 
mises; there is a legal requirement that a second 
man must be carried on vehicles burning solid fuel 
unless the driver stops every time he fires the boiler ; 
there is difficulty in obtaining drivers and the 
ordinary garage cannot properly service a steam 
vehicle ; finally, steam wagons are higher in first 
cost than vehicles driven by oil or petrol engines. 
Against this formidable list of disabilities, it may 
be claimed that the steam wagon has lower fuel 
costs than its competitor ; is remarkably free from 
breakdown ; has a working life nearly double that 
of a petrol vehicle; travels better up hills, the 
torque increasing as the speed falls; absence of 
gear changing and reduced vibration increases the 
life of the tyres by some 15 per cent. ; maintenance 
cost is low; and there is little fire risk compared 
with a vehicle running on petrol. The present 
position suggests that users in general have decided 
that the disadvantages that have been cited out- 
weigh the advantages. It is probable that the main 
factors which have brought this about are the greater 
cost of the steam wagon, the uneven incidence of 
taxation, the longer starting-up period, and the 
fact that the driver has more duties to perform. 
In an interesting and valuable report* drawn 
up by a Joint Investigations Committee of the Coal 
Utilisation Joint Council and the Solid Smokeless 
Fuels Federation, the whole steam-wagon position 
is surveyed in detail. One of the main points made 
is that if the steam wagon continues to be restricted 
to the relatively small market for large vehicles, 
manufacturers will not be able to attain the outputs 
which lead to lower costs. As things are, some of the 
disabilities under which the steam vehicle labours 
could be eliminated even under present conditions. 
This applies, for instance, to unladen weight. The 
Sentinel Waggon Works, in 1934, produced a new 
design, of 140 h.p., in which the boiler weighed 
16 cwt. and the engine 5} cwt., compared with 20 
cwt. and 12 cwt. of the 70-h.p. model of 1920. 
This development, however, did not arrest the 
decline of the steam vehicle, and at present the 
whole of the earlier well-known builders of steam 
wagons have turned over to petrol or Diesel models. 
The conclusion of the Committee is that “the 
present design of steam vehicle is non-competitive 
with petrol- or Diesel-engined vehicles and that 
neither the home market nor the export market 
is likely to offer sufficient encouragement to manu- 


* Steam-Driven Transport Vehicles. Report of the 
Joint Investigations Committee of the Coal Utilisation 
Joint Council and the Solid Smokeless Fuels Federation, 
1, Grosvenor-place, London, 8.W.1. [Price 2s.] 
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facturers to induce them to commence manufacture.” 
This pessimistic opinion, however, is qualified by 
reference to the possibility of developing models 
falling within the 2-ton class and capable of com- 
peting with oil-driven vehicles. It~is suggested 
that by employing a condensing engine operating 
in conjunction with a flash boiler, such a model 
might be produced. .The Sentinel Waggon Works, 
which built the light-weight vehicle already referred 
to, state that they do not propose to re-start its 
production, but quite independently of this, they 
have designed a modern machine based on the Doble 
engine. This employs a flash boiler producing 
steam at 1,400 Ib. to 1,750 lb. per square inch ; a 
triple-expansion high-speed engine in which steam 
from the intermediate cylinder is reheated and taken 
to the low-pressure cylinder, a condenser, and 
poppet valves. One of these vehicles was built 
and. run on coke, but it is not now in existence, 
although patterns and drawings are available. It 
is suggested that two or three years work would 
be necessary before a machine of this type could be 
put into production, and an output of 1,000 vehicles 
a year would be necessary to make such a project 
a success. Mr. Harman Lewis, of Messrs. Wilson 
and Kyle, who has been engaged on the development 
of an engine of somewhat similar type, states that 
starting from cold could be carried out in from 
one to five minutes and that large amounts of 
make-up water would not have to be'carried. The 
combustion unit would be lighted by paraffin and 
would burn coke with a gravity feed. It does not 
appear to be suggested, however, that either the 
Doble or Harman Lewis engine are at the stage of 
commercial development and further work has to be 
done, particularly in connection with the quality 
of feed water. 

The report of the Joint Investigations Committee 
makes reference to gas-turbine drives, but the 
possibilities in that field are at the moment neces- 
sarily highly speculative. Gas-producer vehicles 
are also mentioned and it is possible that they may 
ultimately be found to offer the most promising 
field for the utilisation of solid fuel in road vehicles. 
This matter, however, is not one with which the 
committee were directly concerned. The interests 
of the two bodies which constituted the committee 
are directed towards the benefit of the coal industry, 
and it may be taken that the whole object of their 
labours was to encourage the use of solid fuel for 
road transport. On the assumption, which is ad- 
mittedly unlikely, that all oil-engine driven vehicles 
above the 4-ton size were replaced by steam vehicles, 
and taking one ton of coal as equivalent, for road 
traction, to 60 gallons of petrol or 35 gallons of 
Diesel oil, the saving to the country on imported 
fuel would be 1,383,5001. a year. It is pointed out, 
however, that much oil is likely to be obtained from 
sterling areas and that if large-scale refineries were 
established in this country, the cost of imported oil 
would be considerably reduced. 

As coal is the major natural resource of this 
country, it is reasonable to assume that any technical 
development which would tend to favour its use in 
supplanting imported oil would be to the national 
advantage, but in the present peculiar situation in 
the fuel industries it is difficult to decide to what 
extent this apparently obvious proposition is to be 
given weight. That it is considered advan 
to restrict oil imports is clear from the fact that 
private motorists are still rationed at a low level, 
but at the sane time oil imports are being increased 
by converting steam locomotives, and even power 
stations, from coal to oil firing. It may be that 
these latter proceedings are looked upon as tem- 
porary expedients to meet the present coal shortage, 
although there has been no intimation to that 
effect, but considerable capital expenditure must 
be involved. Presumably the National Coal Board 
intends, in due course, to raise the coal output to a 
figure somewhat nearer that which was reached in 
the days of unrestricted private enterprise, but this 
policy, if it exists, is a long-term one. It will be a 
matter of much technical interest if the nascent 
developments in coal-fired road transport, with 
which the report deals, can be brought to a com- 
mercial stage, but in present circumstances it does 
not appear likely that they will be fostered by the 
Ministry of Fuel and Power. 
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THE POSITION OF WELDING 
RESEARCH. 


THE employment of welding for joining the 
majority of the metals employed in engineering 
practice received considerable impetus during the 
1914-18 war and made further progress during the 
following 20 years. During that period, too, empiri- 
cism was largely replaced by a more scientific 
approach ; and a great deal of useful information 
was collected upon a subject which was not without 
difficulties. This acquirement of ‘knowledge was 
necessary not only for technical reasons, but as evi- 
dence to convince the conservative, the prejudiced, 
and those who were genuinely doubtful of the sound- 
ness of the new method. This stage in the history of 
welding may be said to have reached its climax in 
1935, when seventeen of the major technical and 
scientific institutions, with the Iron and Steel 
Institute acting as the convening body, organised 
an International Welding Convention in London. 
This convention was attended by some 800 dele- 
gates from 20 different countries and 150 papers 
covering a very wide range were presented. At the 
conclusion of the proceedings, resolutions were 
passed calling attention to the need for organising 
research on welding and laying down the principles 
upon which this work should be carried out. 

Consideration of these resolutions by the organising 
institutions, however, brouzht a difficulty to light. 
Welding is a method which is utilised by many 
branches of engineering, but practice differs in the 
different branches. Moreover, the requirements of 
the different branches are not always the same. 
Although, therefdre, each institution was interested 
in welding to a greater or less degree, that interest 
was coloured by the specialised needs of those it 
represented. At the same time, any fundamental 
scientific background which could be built up and 
upon which successful applications could be based 
(such as the metallurgical considerations involved) 
was clearly likely to be of equal value to all the 
protagonists. It was therefore decided that the 
Institute of Welding, which at that time had been 
in existence some 14 or 15 years, but whose acti- 
vities had been mainly confined to the operating 
side, should be entrusted with the organisation 
of research with the support of the other institu- 
tions in this country which had taken part in the 
convention. As a result, a Welding Research 
Council was founded in 1936 under the xgis of the 
Institute, an arrangement which incidentally had 
the effect of improving the technical and scientific 
status and increasing the membership of that body. 

When, however, financial support for the new 
venture was sought, a further difficulty arose. As 
is well known, the policy of the Department of 
Scientific and Industrial Research is to make grants 
only to autonomous associations. The method of 
dealing with welding research which we have just 
described, and which incidentally exhibits something 
of the national love of compromise, was not, there- 
fore, welcomed. Nevertheless, the Department 
agreed to make a grant as a special concession 
and continued to do so until early in 1945, at 
which time the work had reached a stage when 
it became possible to form an autonomous body. 
In the meantime, war demands had brought about 
a further rapid increase in the use of welding, as 
is shown by the statement that during the six years 
of hostilities the number of welders was trebled, 
the number of welding machines doubled, and the 
output of welding material multiplied by four. 
The British Welding Research Association was 
therefore formed in the early part of the present 
year to take over the functions and programme 
of the earlier Welding Research Council. The 
programme of research of this body is to be con- 
trolled by a Welding Research Board, which is 
nominated by the Council and constituted on the 
broadest basis. It therefore begins its work under 
very favourable auspices and it is clear from state- 
ments that were made at a recent Press conference 
that the course is set for many useful and important 
investigations to be carried out. 

As regards the details of these investigations, 
the funds so far available, with few exceptions, have 
limited research to exploratory and fundamental 








work, such as could be undertaken on a co-operative 
basis in existing industrial and university labora. 
tories. It is now proposed, however, to centralise 
part of this work at Abington, near Cambridge, 
where a 25-acre site has been acquired for the 
development of a research station. The investiga. 
tions to be undertaken will include scale experi- 
ments involving static, dynamic and repeated 
loading, so that the properties of welded structures, 
particularly rigid frameworks, can be determined. 
Similar work on welded pressure vessels, including 
reaction vessels and chemical plant, and on struc- 
tures used for power production, both on land and 
sea, including turbine castings, pressure piping, 
engine columns, and bed plates, will also be under- 
taken. As a result, it is hoped to develop rational 
methods of design for this equipment. It is also pro- 
posed to undertake experiments to determine the 
properties of structural and other units made from 
light alloys, as well as design and experimental work 
on the production of apparatus for the control of 
welding conditions. Further researches will also be 
carried out to provide industry with means of 
ensuring that uniformity of quality and performance 
is obtained in the finished article. 

For this purpose the practice will be continued of 
organising the work under four main committees, 
which will deal with ferrous metals, engineering, 
resistance welding, and light alloys, respectively. 
In addition to other work, the first of these com- 
mittees is considering the revision of the British 
Standard ification for metal arc-welding elec- 
trodes for mild steel to bring it into line with present 
knowledge and requirements, while an investigation 
into the electro-physics of the metallic are has been 
commenced. The engineering side of the research 

e is being directed mainly to determine 
how a welded structure behaves under load, so that 
it can be designed to secure to the fullest extent 
the advantages which the use of welded joints 
makes possible. For instance, the conventional 
method used in the design of most riveted and 
bolted structures is based on a number of practical 
assumptions which are not determined by the true 
behaviour of those structures. While a similar 
procedure can be adopted in the design of welded 
structures, the approach is theoretically unsound 
and, besides, ignores the opportunity that welding 
affords of producing compact and economical rigid 
connections between the members. Present 
methods of designing rigid frame structures are 
also unsatisfactory in their treatment of permissible 
working stresses ; and the fullest advantage will not 
be obtained from the rigidity of welded construction 
until a more rational design method has been 
evolved. A long term investigation has therefore 
been undertaken to determine how great a load cer- 
tain forms of welded structure with rigid connections 
will carry before collapse or serious deformation 
occurs and to devise a method for designing such 
structures which will take advantage of the plastic 
as well as the elastic strength of steel, in so far as 
other factors, such as deflection, permit. 

This work was begun in 1937 and is now proceed- 
ing under the direction of Professor J. F. Baker at the 
Engineering Laboratories, Cambridge. So far, it has 
been carried out with small scale model specimens, 
which were designed to establish the real strength 
of beams and compression members of rectangular 
and H-section in rigidly-jointed frames. Sufficient 
experimental data, however, have now been obtained 
to form the basis of a statement on the real load- 
carrying capacity of steel beams and certain types of 
rigidly-jointed portal frames. The increase in 
permissible stresses in steel beams which was per- 
mitted in the revised edition of the British Standard 
Specification published during the war, was largely 
based on the result of this work. The investigation 
also proved invaluable in providing the basis of 
design of certain types of war-time structures. The 
important result, however, is that it is now possible 
to proceed with the development of a new method of 
design. It is interesting to learn that this is advanc- 
ing satisfactorily with the aid of industrial steel- 
works designers. It is hoped, in fact, that struc- 
tures worked out in accordance with this method 
will be as much as 25 to 40 per cent. lighter than 
those produced in accordance with more normal 


procedure. 
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NOTES. 


Tue Institution OF MEcHANICAL ENGINEERS. 


AN extra general meeting of the Institution of 
Mechanical Engineers was held in London on Friday, 
December 6, when a paper on “ Free-Piston Com- 
pressor-Engines’ was presented by Mr. H. 0, 
Farmer, M.C., B.Sc. The chair was taken by Dr. 
H. J. Gough, F.R.S. (vice-president). The free- 
piston engine, said Mr, Farmer, was developed 
originally in France by Pescara from 1922 onwards, 
and, although his early types were commercial 
failures ; the inventor eventually succeeded in pro- 
ducing practicable cothpressors. The Humphrey 
pump, however, was in effect a step in the develop- 
ment. Another form of the same general type had 
been developed by Junkers in Germany. A free- 
piston compressor unit, the author continued, con- 
sisted essentially of a single-cylinder opposed-piston 
two-stroke engine operating a piston-driven com- 

r. The two pistons were connected rigidly 
together, but they were free in the sense that their 
movement was controlled only by the gas forces 
acting upon them and not by any link mechanism 
such as a crank and connecting rod. There being 
no flywheel, the return of the pistons on the com- 
pression stroke was effected by the energy in the air 
trapped in the clearance volume of the compressor 
cylinder. Starting was accomplished by means of 
a spring in the smaller sizes and by compressed air 
in the larger machines. The governor consisted of 
a spring-loaded piston, operated by the delivery air 
pressure and connected to a rack controlling the 
fuel-injection pump. The free-piston compressor 
could function only over a limited pressure range 
and, for delivery pressures exceeding 100 Ib. per 
square inch, compression had to be carried out in 
more than one stage. The working range also was 
subject to limitation, as the delivery would stop 
momentarily if the pressure in the clearance space 
should fall below that necessary to return the piston 
and ensure stable running; for a compressor set 
to operate at 100 lb. per square inch, the supply 
would be cut off if the pressure fell to about 75 Ib. 
per square inch, so that the designed working range 
should be sufficient to meet all normal requirements. 
In the course of the discussion, several speakers 
recounted experiences with early types of Pescara 
compressors and described various operating troubles 
which developed. In reply, the author indicated 
that, in the machines built more recently by his 
firm, many of these troubles had been overcome 
by the adoption of modern practice in the com- 
bustion cylinder, where most of the troubles had 
originated. Although there was a good deal more 
development work to be done, he considered that, 
in its present form, the free-piston compressor could 
now be regarded as “ a commercial job.” 


TRaDE SraTIsTICcs. 

In 1944, a White Paper issued by the Coalition 
Government gave a pledge that the statistical infor- 
mation required “for the efficient operation of an 
employment policy ’’ would be collected and pub- 
lished. In the following year, expert committees 
were appointed to consider the scope of the censuses 
of production and distribution necessary for this 
purpose, and the results are seen in the Statistics 
of Trade Bill, which was presented in the House of 
Commons by Sir Stafford Cripps last week. This 
Bill is intended to enable certain Government 
departments to obtain more readily the information 
necessary for the appreciation of economic trends, 
to consolidate and amend the law relating to 
censuses of production, apd to provide for a census 
of distribution. It provides that the Board of 
Trade shall take a Census of Production in 1948 
and in every subsequent year, and a Census of 
Distribution and other services in any year that 
may be prescribed. The schedule to the Bill 
describes the matters about, which persons may be 
required to furnish estimates or returns. These 
include the nature of the undertakings, the number 
of persons employed.and the nature of their employ- 
ment, their remuneration and the hours worked ; 
the output, sales, deliveries and services provided ; 
the articles acquired or used, orders, stocks and 





work in progress; the outgoings and coste and 
capital expenditure; the .receipts of and debts 
owed to the undertaking; the power used: or 


generated; and the fixed capital, plant and pre- | 


mises occupied, As soon, as practicable after any 
census, the Board of Trade will present to’ Parlia- 
ment a report of their proceedings in connection 
with the taking of the census, and a summary of 
the’ statistics obtained. Provision is made for 
penalties for failure to make returns and for false 
returns. The disclosure of the information given 
to unauthorised persons is to be prevented. 


Fur. ConsuMPTION AND Britisa InpustTrRY. 


On Wednesday, December.4, the Minister of Fuel 
and Power (the Rt. Hon. E. Shinwell) announced 
measures, partly voluntary and partly compulsory, 
which the Government hope will reduce the con- 
sumption of coal and counteract the likelihood of 
shortages during the first three months of next, year- 
The first of these is that industrial consumers should 
at once economise to an extent that an average 
saving of 5 per cent. will be realised. Electricity 
and gas works, however, will continue to receive 
deliveries at the present rate, as will iron and steel 
works (including foundries), coke ovens, railways, 
canals and docks. If the necessary reduction in 
consumption is not secured voluntarily it is implicit 
in the statement that compulsion will be, applied. 
In this case there will be a rough system of priorities, 
so that building and other industries of high national 
importance will suffer less than others. Upward 
adjustments may even be, made in special cases. 
The Government also propose compulsory measures 
to prevent electricity and gas works increasing their 
supplies to industry. Moreover, all firms. that 
consume more than 100 tons of coal, 130,000 kWh 
of electricity or 7,000 therms of gas annually will 
be required by statutory order to reduce their con- 
sumption of electricity and gas by 2} per cent. in 
each of the four weekly periods after December 30 
compared with the four-weekly period immediately 
preceding a meter reading made early this month, 
This order, which is intended to prevent any increase 
in the consumption of the latter forms of fuel, will 
also apply to hotels, restaurants, clubs and places of 
amusement, which now use more than the stated 
annual amounts. Supplies of coal to such institu- 
tions will, in addition, be cut at the highest rate 
by which it may be necessary to reduce deliveries 
to industry. No compulsory restrictions are pro- 
posed for domestic consumers, but they are particu- 
larly asked to economise electricity. These mea- 
sures, which, it is hoped, will enable industry to 
get through the winter without serious difficulty, 
have been found necessary owing to the fact that, 
though coal production has increased by 4-4 per 
cent., consumption has risen by 6-7 per cent. Elec- 
tricity, moreover, shows an increase in consumption 
of 18 per cent., and gas of 10-7 per cent. Conse- 
quently, at the end of October, coal stocks were only 
10-89 million tons, compared with 13-7 million 
tons last year, and had fallen to 10-44 million tons 
at the end of November. 


Tue Evoivution or F.1.D.0. 


On October 13, at a meeting of the Royal Society 
of Arts, held at John Adam-street, London, a 
paper on “ Fog Dispersal” was presented by Mr. 
A. C. Hartley, C.B.E., who was technical director 
of the team formed in 1942 by the Petroleum War- 
fare Department to investigate the dispersal of fog 
over airfields. Mr. Hartley stated that intensive 
investigations into fog dispersal did not commence 
until September 20, 1942, on which date Mr. 
Churchill addressed a personal minute to Mr. Geof- 
frey Lloyd, then Secretary for Petroleum, instructing 
him to find means to dissi fog at aerodromes so 
that aircraft could land safely, Mr. Lloyd immedi- 
ately formed a research team, directed by Major- 
General Sir Donald Banks, K.C.B., and soon it 
became evident that the use of direct heat offered 
the best chances of success. A series of experi- 
ments, carried out by the Royal Aircraft Estab- 
lishment during the early part of 1939, had shown 
that an improvement in visibility during fog 
could be achieved by burning a mixture of 80 per 
cent. alcohol and 20 per cent, petrol, the alcohol 





having been added to reduce smoke, but due to the 
high ag Sect pC ximately. four gallons a 
yard per hour, the me 4vas abandoned at the 
outbreak of war. However, the need in 1942 was 
so urgent that arrangements were made to erect two 
full-scale experimental installations of this type, 
capable of burning 20 gallons of petrol a yard per 
hour. At the same time, indoor experiments were 
carried out at the Earl’s Court ice-skating rink, 
where artificial fogs could be produced. In the 
course of the full-scale tests, it was noticed, however, 
that some burners produced less smoke than others, 
and it was found that this was due to the petrol 
having been vaporised in the burners by the heat of 
combustion, Efforts were madé, therefore, to 
yaporise the petrol in various forms of burners. 
Different arrangements were tried before adoption 
of the “ Haigas” type, in which the supply lines 
were arranged alongside the burner pipe. The 
‘* Haigas ” burner was superseded by the “ Haigill”’ 
burner in which the preheating pipe, approxi- 
mately 20 yards long, was supported above two 
burner pipes, the preheater pipe forming the apex 
of an equilateral triangle. A transportable instal- 
lation, called the “‘ Haifox,” was developed from 
the ‘ Haigill,” in which sufficient petrol gas was 
developed in a six-coil vaporiser, 7 ft. 6 in. long, 
to supply a burner pipe 76 ft. long, and this type of 
burner was used successfully by the Second Tactical 
Air Force in France. An adaptation of the 
“* Haifox” principle was arranged so that it could 
be installed in trenches covered by steel grids, thus 
making it possible to install a complete system 
without offering any interference to the movement 
of aircraft on the airfield. Mr. Hartley stated that 
“Fido” (Fog Investigation Dispersal Operations) 
enabled 2,500 Allied aircraft to be landed safely, 
some in very dense fog. 


WELLINGTON Harsour, NEw ZEALAND. 


In the latest annual report of the Harbour 
Board of Wellington, New Zealand, covering the 
year ended on September 30, 1945, the chair- 
man comments on the importance of relating 
any future development of the Harbour to its 
possible use as a base for flying boats. There is 
no doubt that the very large expanse of land- 
locked water would be eminently suitable for this 
purpose, but there still seems to be a divergence of 
Opinion on the most suitable type of aircraft for 
crossing oceans. The importance of Wellington as 
a trade centre is illustrated by the fact that over 
41 per cent. of the Dominion’s imports, measured 
on a Customs value basis, and 30 per cent. of the 
exports, passed through the port in the year under 
review. The general outlook at the end of the year, 
however, was not altogether happy. In brief, 
trade showed a decrease, largely owing to a dimi- 
nution in the flow of war materials; there were 
arrears of maintenance to be overcome, labour 
problems had hampered the Board, and the financial 
situation had declined. The total cargo handled 
through the port was 23-7 per cent. less than in the 
previous year, the actual tonnage of 1,916,335 being 
the lowest since 1935. The decrease in trade was, 
of course, inevitable, and it is reasonable to assume 
that, when international trade is fully restored, it 
will adjust itself to a value approximating to the 
pre-war years, The arrears of maintenance were not 
readily overcome, largely owing to the shortage of 
labour. The Engineer’s Department had worked 
overtime regularly since 1942 to try to cope with 
maintenance work, but the 40-hour week was 
adopted from September 15, 1945, and the supply of 
labour was still short. As a result of negotiation and 
arbitration, there had been certain increases in 
standard minimum rates of wages and allowances, 
but this had only tended to increase the heavy daily 
loss on working then being incurred. Subsequent 
authority to increase dues and charges by 30 per 
cent. was considered insufficient. During the 
war, the Aquitania, with a draught of 36 ft. 9 in., 
had been accommodated at Pipitea Wharf. While 
the floating dock had been used by 302 vessels during 
the six years of war, compared with 146 during the 
six years. prior to the war, it was occupied for 
only 1904 days during the year under review, com- 
pared with 231 days for the previous year. The 
number of dockings was 55. 
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LETTERS TO THE EDITOR. 


THE NILE FLOOD OF 1946,” 
To tHe Eprror oF ENGINEERING. 


Smr,—Major Newhouse’s letter in your issue of 
November 22, on page 496, serves as a valuable 
supplement to your article on the Nile flood, pub- 
lished on November 1. Further information has 
now come to hand which still further defines the 
problem. On December 3, the Egyptian Minister 
of Public Works, H.E. Abdel Kawi Ahmed Pasha, 
himself delivered a lecture in Cairo which gave an 
authoritative version of last summer’s Nile control 
measures. The general picture thus presented 
accorded in all respects with your own narrative 
of November 1. As for specific details, some of 
these were that the estimated total volume of 
flood water spilled over the river banks in the 
Sudan was 2-7 milliards, which, for a period, reduced 
the daily flow in Egypt by 0-15 milliards ; that the 
combined effect of the natural and artificial regula- 
tion of the river was to lower the peak level at 
Cairo by 0-6 m.; and that the suggested dam at 
Merowe (Fourth Cataract) would be capable of 
impounding 8 milliards, and might, take five years 
to build. 

Although the Minister was as insistent on the 
urgency of additional flood protection as is Major 
Newhouse, the complexity of the problem still 
Temains. It is still true, as your article infers, 
that to spend 20/. millions on the Merowe Dam 
might not be the best way of disposing of that sum. 
The Wadi Rayan scheme is still under consideration, 
and, in fact, new geological field studies are now 
actually in progress. There is little doubt, however, 
that personal opinions on competing schemes are 
liable to be influenced by the location of the student. 
Those who had the experience of flying from 
Khartoum to Cairo at the height of this year’s 
flood received impressions that must permanently 
colour their views. There could be no mistaking 
the purposeful menace of the swiftly-flowing stream 
at Wadi Halfa, threatening to tear the flying-boat 
from its moorings. From the air, the sterile region 
around Merowe looked just the spot where surplus 
water would be in nobody’s way. 

The instinctive feeling of residents in Egypt is 
likely to be that, if the water is potentially dangerous, 
the farther away from Egypt it is stored the better ; 
and the Merowe reservoir seems as suitable a storage 
place as any. From the more strictly technical 
standpoint, too, there is a good deal to be said for 
distributing storage accommodation as widely as 
possible along ariver. Standby reservoirs may be as 
useful as standby generating plant. In the mean- 
time, there can be no question that the authorities 
who are continuing their investigations are fully 
alive to the urgency of their tasks. 


Yours faithfully, 


HERBERT ADDISON. 
Giza, Egypt. 
December 4, 1946. 





LINER-WEAR AND CRANKSHAFT 
ALIGNMENT INDICATOR. 


To THE Eprror oF ENGINEERING. 


Si,—I note that, in the description of my wear 
and alignment indicator, on page 512, ante, you 
suggest that the instrument can be used for many 
purposes. Thisis correct ; it has been used recently, 
for instance, for lining-up couplings. Another 
suggestion, however—that crankshaft alignment 
should be taken with the piston acting against com- 
pression pressure—is one that I am hardly prepared 
to endorse. With the larger sizes of engines, I fear 
that the compression pressure would be zero by the 
time that the engine was turned to top centre and 
the reading taken; and, if the compression were 
good, there is danger that both the instrument and 
the examiner would be hurt if the top centre were 
passed. My method of forcing a crankshaft into its 
bearings is to take out a valve and put a piece of 


wood produces the desired result. In taking crank- 
shaft alignment, also, a special spring attachment 
holds the instrument in position; the micrometer 
is too weak for this purpose, and false read- 

ings would be obtained when checking bearing clear- 
ances if a stronger spring were used. 
Yours faithfully, 


H. D. Apa. 
85, Gracechurch-street, 
London, E.C.3. 
December 3, 1946. 





PROPOSED PROFESSIONAL 
UNION. 


To THe Eprror oF ENGINEERING. 


Smr,— We, as members of technical professions, 
would be glad if you could give publicity, on our 
behalf, to a subject which may be new to those 
whom it directly and immediately affects. We 
propose the formation of a Professional Union 
Congress of the Scientific and Technical Professions 
in order that our interests and welfare may be 
safeguarded; and we would invite suggestions 
from, and co-operation by, all the members of these 
professions who are intimately concerned ; that is to 
say, from members of British Medical, British 
Architects’, Chartered Civil Engineers’, Chartered 
Electrical Engineers’, Chartered Structural Engi- 
neers’, Chartered Mechanical ineers’, Naval 
Architects’, and Chartered Surveyors’ Institutions, 
and all-other cognate professions and societies. We 
realise that, in this rapidly changing world, beyond 
the individual power of our electoral vote, we 
collectively cannot make our influence felt ; and we 
feel that, as a Union of the Technical and Scientific 
Professions, we should be entitled to have a say in 
the policies and the affairs of our country. Conse- 
quently, we advocate the formation of a strong 
union, in which each professional institution shall 
preserve its individual identity, and believe that 
our proposal will be accorded an enthusiastic 
response. In the event of the Union being formed, 
we shall be able collectively to occupy our rightful 
sphere in the deliberations on the policies of this 
country and of the world. 


Yours faithfully, 


A.M. Inst.C.E. 
A.R.LB.A. 
P.AS.L. 
A.M.T.P.I., A.M.Inst.M. & Cy.E. 
A.M.Inst.M. & Cy.E. 
B.Sc., A.M.I.Mech.E. 
Grad.1.E.E. 
LD.S., R.F.P.S. 
London, 
November 28, 1946. 


[The signatories to this letter ask us to withhold 
their names—which have been supplied to us—“ to 
prevent our being victimised.” The fact that we print 
the letter, however, should not be taken as an endorse- 
ment of the proposal ; various projects of a somewhat 
similar nature have been mooted from time to time, 
but, for various reasons, have met with no success.— 
Ep., E.] 





“ LEWIS’S 1844-1944,’’ 

To Tae Eprror or ENGINeERING. 
Sir,—In the kindly notice of ‘‘ Lewis’s 1844-1944,” 
published in your issue of August 23, 1946, on page 
187, you refer to doubts that had been expressed 
regarding the inclusion in the Library of engineering 
books, and suggest that present conditions have 
changed so much that the matter might be worth 
reconsidering. We had already realised these 
changes, and had decided to try again the inclusion 
of mechanical and other engineering works, and are 
pleased to find the experiment is justifying itself. 
Yours faithfully, 


H. K. Lewis & Co., Lrp., 
H. L. Jackson, 
Director. 
136, Gower-street, 
London, W.C.1. 





soft wood in the compression space ; squeezing the 


THE IRON AND STEEL 
INSTITUTE. 
(Concluded from page 546.) 
Tue last technical session of the autumn meeting 
of the Iron and Steel Institute was held in the 


lecture theatre of the Institution of Civil Engineers, 
London, on the afternoon of November 14. 


ANNEALING Prant For STEEL Staie aT Newrort. 


The first. paper considered was by Dr. B. Jones 
and Mr. I. Jenkins and was entitled “* New Annealing 
Plant for Steel Strip in Coils at the Whitehead Iron 
and Steel Company, Limited, Newport, Mon.” The 
paper was introduced by Dr. Jones. The authors 
stated that a new electric plant for the bright- 
annealing of cold-rolled mild-steel strip in coils 
had been installed at Newport in 1944. The 
installation had been designed for an output of 
1,000 tons a week and it incorporated many new 
features based on experience with a similar and 
older installation having an output of approximately 
500 tons a week. Both plants consisted of vertical 
cylindrical or batch-type furnaces. In the new 
plant 16 annealing furnaces were arranged in two 
staggered rows on concrete plinths, set just below 
floor level. Six furnaces were each rated at 120 kW 
and took annealing containers having internal dimen- 
sions 36 in. in diameter by 74 in. in depth. The 
remaining ten furnaces were of larger size, each 
rated at 130 kW and taking containers having an 
internal diameter of 44 in., and a depth of 74 in. 
Each furnace was provided with two recuperation 
pits and six cooling pits, holding eight annealing 
pots ; in all, the total number of pits held 128 pots. 
This arrangement ensured a continuous annealing 
cycle. The plant was served by a 10-ton overhead 
crane for the loading and unloading of the pots. 
An electromagnet was used for the transport of the 
coils of strip to a site adjacent to the plant for load- 
ing on to the pot baseplate, and for discharging the 
coils after annealing. There were three gas burners 
for the production of the controlled atmosphere, 
each having an output of 1,000 cub. ft. of burnt gas 
per hour. The temperature-control cabinets and 
all the electrical switchgear were situated at the 
rear of the furnace platform. Tests had shown that 
there was a range of annealing temperatures above 
600 deg. C., in which the work-hardening effects 
were satisfactorily removed, good properties obtained 
and a suitable grain-size imparted to the steel strip. 
Mr. D. A. Oliver, who opened the discussion, said 
that the developments described in the paper had 
taken 10 years to complete. They had been carried 
out in progressive stages obviously with a keen eye 
on economics and with the high ideal that in the 
handling of the material in bulk the final product 
should be as good as the small laboratory sample. 
He would like to know if he was right in assuming 
that the recuperator system effected a saving of 
approximately 20 per cent. in electrical energy—a 
truly excellent The authors had merely 
stated that the recuperator pits were brick-lined 
and it would be interesting to know whether special 
insulating bricks were used. In 1943, he had seen 
some interesting insulating material in the United 
States; this consisted of ‘exploded ” mica, which 
apparently stood up well to high-temperatures and 
had low thermal diffusivity and other excellent 
properties. He would like to know the composition 
of the Cronite bars which were worked at 900 deg. C., 
under «rather severe conditions. 

Mr. V. O. Cutts said that the forerunner of the 
present process was the Grunewald furnace, the 
main object of which was to obtain the correct 
annealing treatment without the introduction of an 
artificial gas atmosphere. The pots used in a 
process of this kind were regarded as oxygen- 
excluding envelopes. They were made as light as 
possible in order to cut down the weight of metal 
heated up, and so improve the thermal efficiency 
of the plant. This had demanded a good deal of 
work on heat-resisting alloys. As to the saving 
in fuel by the use of the recuperator, he had always 
assumed, from experience, that it averaged 15 per 
cent. and not 20 per cent., as mentioned by Mr. 
Oliver. The current consumption was given as 
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from 180 to 200 units per ton, but he could call 
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to mind some installations. in which the figure was 
as low as 160 units per ton-~ ‘he next speaker, Mr. 
W. E. Hoare, said that it was the comparatively 
slow rate of heating started in the recuperator 
and continued in the furnace which enabled the 
lubricant on the strip to be “‘ washed out ” while the 
gas was flowing through the furnace. This was 
very important from the point of view of the surface 
finish of the strip after annealing. He wondered 
whether the authors had done any work using palm 
oil or palm-oil emulsions, which were largely 
utilised as lubricants, particularly in the case of 
cold-rolled strip for tinning. It would also be 
interesting to know if the authors had detected any 
difference in surface finish with variations in cvil 
tension. 

Mr. C. H. Williams considered the savings effected 
by recuperation and thought the electrical costs 
were high. He added that, taking the lower figure 
of 180 units per ton at $d. a unit, this came to 
approximately 9s., and was too high a cost for fuel 
for annealing. By using gas, the consumption 
would be between 2,000 and 2,500 cub. ft. per ton, 
and the cost would be very much lower than with 
electricity. A subsequent speaker, Mr. R. S. Brown, 
suggested that one weakness of the process was the 
absence of a fan which would improve uniformity 
and, without doubt, greatly increase the rate of 
heating of the charge as a whole. The time taken, 
namely, about 10 hours for heating up the charge, 
not from cold, but from 250 deg. C., was excessive. 
It was possibly at least 25 per cent. in excess of 
what could be accomplished by other methods. 

Dr. Jones, in a brief reply, confirmed that the 
saving in fuel consumption by the use of recupera- 
tors was 20 per cent. He said that although the 
cost, when using electricity, might be higher than 
when employing gas, in the early stages, the 
annealing was done at a cost of 7s. a ton and not 9s., 
as had been mentioned. Gas might be cheaper, 
but it was claimed that, with electricity, it was 
possible to exert greater control and to have greater 
uniformity of heating. The extra cost of electricity, 
moreover, was partly counterbalanced by lower 
labour costs, because unskilled labour was employed. 
Mr. Jenkins, who also replied, said that in presenting 
their paper the authors had deliberately refrained 
from making comparisons between the method 
they had adopted and others. There were so many 
factors to be considered that a direct comparison 
between the various methods could not usefully 
be made. He believed the composition of the 
Cronite material was approximately 60 per cent. 
nickel, 20 per cent. chromium, and 20 per cent. iron, 
with possibly 0-5 per cent. of carbon. As regards 
palm oil, certain tests had been carried out and 
were considered satisfactory in the type of atmo- 
sphere used on the plant. The President, in a final 
contribution to the discussion, said that it was 
remarkable to see how clean the coils of steel strip 
were right up to the edge, and “ blueing”’ which 
gave so much trouble, was entirely avoided. 


Protrrection Acatnst MarRIvE CoRROSION 
AND FOULING. 


The last three papers on the agenda, dealing with 
the protection of iron and steel against marine 
corrosion and fouling, were discussed jointly. The 
first paper, by Mr. F. Fancutt and Dr. J. C. Hudson, 
the official investigator to the Corrosion Committee 
of the Iron and Steel Institute and the British Iron 
and Steel Research Association, was entitled ‘‘ The 
Formulation of Anti-Corrosive Compositions for 
Ships’ Bottoms and Under-water Service on Steels.” 
It was presented by Mr. Fancutt. The authors 
stated that, in 1944, the results of two series of 
raft immersion tests conducted at Caernarvon and 
Emsworth, Hampshire, respectively, had been pub- 
lished. These constituted the first stages in the 
systematic study of anti-corrosive paints for ships’ 
bottoms that was being conducted by the Marine 
Corrosion Sub-Committee. The tests had been 
intended to serve as a preliminary survey of the 
effects of pigmentation and of binder on the per- 
formance of paints used for the protection of steel 
immersed in sea water.. A second series of raft tests 
by the sub-committee, dealt with in the present 
paper, had confirmed the earlier results and had 
enlarged them considerably. One hundred and 








twenty-seven new formulated anti-corrosive paints 
had been made for the purpose of the tests, and they 
comprised various combinations of eight different 
media with mixtures of 13 different pigments. On 
the basis of the results, paint No. 173, pigmented 
with a mixture of two parts of basic lead sulphate 
and one part each of white lead, Burntisland red, 
and barytes, and bound in a modified phenol- 
formaldehyde /litho-oil medium was suggested for 
general use at this stage. Several other paints 
gave an even better performance in the raft tests 
than paint No. 173 and merited further investiga- 
tion. Paints in a chlorinated-rubber medium were 
outstanding, but certain technical difficulties needed 
to be overcome before they could be used effectively 
on a practical scale. 

The second paper, entitled “‘ Report on Anti- 
Fouling Research, 1942-44,” was prepared by Pro- 
fessor J. E. Harris, and gave the salient features 
of the anti-fouling work of the Marine Corrosion 
Sub-Committee up to 1944. In presenting the 
paper, Professor Harris stated that the assessment 
of fouling on the steel test panels used had been car- 
ried out by examination in a sea-water tank, empha- 
sis being laid on the kinds of organism present rather 
than on the quantity. Suitable dates for commenc- 
ing operations, at the testing rafts at the Scottish 
Marine Biological Association at Millport, Isle of 
Cumbrae, on the Clyde estuary, were in the spring 
for short-period tests, and in the autumn for long- 
period tests. The susceptibility of fouling organisms 
to poisons varied considerably and could be 
employed to determine grades of anti-fouling 
efficacy. The mode of action of anti-fouling 
coatings was demonstrated by a laboratory experi- 
ment in which a toxic border around a patch of 
anti-fouling composition was employed. The toxi- 
city appeared to be produced by a thin layer of 
poisonous sea-water immediately over the paint 
surface. The loss of poison from the paint into this 
toxic layer was correlated with the chemical analysis 
of the copper and mercury content of the sea-water 
in which the painted panels were immersed. The 
process was known as the leaching test. 

Under the experimental conditions prescribed, a 
rate of loss of copper of 10 microgrammes per square 
centimetre per day in the laboratory test was an 
adequate indicator of successful anti-fouling pro- 
perties. In the presence of mercury this rate of 
loss of copper might be lower. The practical signifi- 
cance of the leaching test was at present limited 
to the prediction of success or failure of the anti- 
fouling properties of a paint formulation. The 
test had only a very limited value in estimating 
the effective anti-fouling life, since the leaching 
slides were stored in laboratory tanks and lost 
poison less rapidly than in the sea. Methods of 
overcoming this difficulty were being explored. 
Certain organic arsenical compositions, a number of 
sulphur compounds, and organomercurial derivatives 
offered possibilities of development, but a large 
number of highly-toxic compounds failed as anti- 
fouling agents. A promising development was an 
aqueous cementiferous composition using organic 
poisons as anti-fouling agents. Compositions of 
this type opened up; the possibility of applying a 
single-coat system, firmly adherent to wet, rusty, 
or mill-scale covered steel. 

The third and last paper on marine corrosion and 
fouling bore the title ‘ Interim Descriptive State- 
ment on the Leaching-Rate Test for Ships’ Anti- 
Fouling Compositions,”’ and was by a joint technical 
panel on the leaching-rate test of the Marine 
Corrosion Sub-Committee. The paper was intro- 
duced by Dr. I. G. Slater, convener of the panel. 
The authors stated that the leaching-rate test had 
originally been developed in the United States for 
application to anti-fouling compositions containing 
cuprous oxide as the only toxic ingredient. The 
test, however, was being adapted for use on paint 
formulations containing more than one_ toxic 
constituent, and, in particular, on those containing 
copper and mercury, to which type most of the 
British proprietary compositions belonged, In 
conducting the test, small glass panels coated with 
the anti-fouling compositions under trial were stored 
in sea-water and transferred periodically into the 
leaching apparatus, where they were subjected to 
agitation, by bubbling, in a definite amount of sea- 








water for a standard time. The toxic substances 
leached into the water were then determined. In 
the simplest case of anti-fouling compositions 
containing cuprous oxide only, it was known that a 
steady loss of copper of about 10 microgrammes per 
square centimetre per day was effective in prevent- 
ing fouling. This was termed the “ critical leaching 
rate” for copper... The critical rates for mercury, 
for copper and mercury in the same paint composi- 
tion, and for other anti-fouling poisons were not yet 
sufficiently defined for statement, although it was 
known that the rate for mercury was less than half 
of that for copper. At present, however, exact 
standardisation of the test has not been achieved, 
nor had its precise significance in relation to service 
behaviour been fully determined. Further work on 
points requiring elucidation was being carried out 
in several laboratories. 

The first speaker in the discussion, Dr. F. Worm- 
well, in a joint contribution on behalf of Dr. W. H. J. 
Vernon and himself, said that in the field of paint 
technology and corrosion, investigations had been 
proceeding for many years in many countries and 
there was a large amount of knowledge available. 
In the case of the mechanism of fouling and anti- 
fouling paint properties, although a good deal had 
been done there had been little systematic work 
that was acceptable. It had, therefore, been neces- 
sary to carry out a good deal of fundamental work 
and the Marine Corrosion Sub-Committee had 
advanced our knowledge of the nature and habits 
of fouling organisms and their relative susceptibi- 
lities to various poisons. It had not yet been possible 
to come to any definite conclusions as to whether 
corrosion encouraged fouling, although there was 
some evidence of it. With regard to the paper by 
Mr. Fancutt and Dr. Hudson, there were many 
points on which there were individual differences of 
opinion, but, on the whole, this investigation could 
be regarded as well conceived, and ably executed. 
It was, in fact, a systematic onslaught on the pro- 
blem of the formulation of under-water paints. 

Dr. D. M. Hewitt said that the relationship of the 
pigment and the vehicle was of primary importance. 
Paint compositions could only be assessed under 
practical conditions and, in the majority of cases, 
the covering of already-painted surfaces was 
involved. The next speaker, Dr. J. E. O. Mayne, 
referring to the paper by Mr. Fancutt and Dr. 
Hudson, said that the outstanding performance of 
the chlorinated-rubber Cereclor medium might have 
been due to the fact that it was the only medium 
tested which yielded a film 100 per cent. unsaponi- 
fiable. All the other media contained litho oil or 
linseed oil. Sea water was slightly alkaline and the 
conclusion emerged that in the formulation of paints 
for the protection of steel against sea water, the 
nature of the pigment was not as important as that 
of the vehicle. The best vehicle was simply one 
which had the maximum chemical resistance to 
sea water. 

Mr. W. A. D. Forbes said that this was the first 
time that a series of leaching curves had ever been 
published. At the same time, he pleaded for some 
standardisation of the method of carrying out the 
leaching-rate experiments in order that research 
workers in other fields could compare their results® 
The paper, gave no indication as to whether a soluble 
paint matrix should be aimed at or whether an 
insoluble one was best. His own preference was for 
the soluble type because after a ship had been 
steaming for long periods and returned to harbour, 
a fresh surface was presented to the attack or 
fouling organisms and this surface was in a condition 
to meet attack. The normal panel test used in 
investigations, however, was a static test and did 
not really represent the conditions of a ship at sea. 
To approximate to such conditions, the panel 
should be attached to a whirling arm or something 
of the kind and be subjected to movement equivalent 
to a speed of 20 knots for a period of a fortnight and 
then replaced. Professor Harris had put forward 
this suggestion at a meeting of the Marine Corrosion 
Sub-Committee in January, 1941. Mr. L. F. Le 
Brocq, who spoke next, asked if Messrs. Fancutt 
and Hudson had any theories or explanations to 
offer for the great superiority of the basic lead 
sulphate pigment which they had mentioned. 

Dr. Hudson, replying to the discussion, said that 
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there was always difficulty with regard to the 
“edge effect.” Some people put additional paint on 
the edges of a plate, but, in the view of the authors, 
this introduced far more complications than it 
eliminated. To ensure maximum life against 
atmospheric corrosion, steel material should be 
de-scaled and freed from all traces of rust prior to 
painting. Even with all these precautions, when a 
conrposition was applied to steel subsequently to 
be immersed in sea water, good results were not 
invariably obtained and the reasons were not yet 
altogether understood. He agreed with Dr. Mayne 
regarding the importance of the saponification 
index of a paint medium. In reply to Mr. Le Brocq, 
the superiority of basic lead-sulphate paint was 
closely linked with the gradual and progressive 
formation of lead soaps in the paint film, In this 
connection, he was looking forward with considerable 
interest to the results of work being done at Cam- 
bridge by Drs. Mayne and U. R. Evans, and he was 
not forestalling anything by stating that these 
investigations had made considerable progtess in 
throwing light on this matter of the behaviour of 
various types of lead pigment. 

Professor J. E. Harris, who also replied, said that 
he had done a little work on the correlation of 
corrosion and fouling to see if a time sequence were 
involved, but had found, so far as the experimental 
panels with which he was dealing were concerned, 
that there was none. The leaching test had, 
perhaps, two functions. One was used for the 
controlling of an experimental batch, discovering 
in which direction it could be improved, and so on. 
The other, and much less reliable, function was the 
investigation of some proprietary or other experi- 
mental paint submitted from an outside organisation 
for a report. So many factors which could affect 
the leaching curve, such as the effect of other 
poisons, had an influence that he felt that the 
correlation between leaching and fouling expressed 
in the diagrams given in the paper was surprisingly 
good in the circumstances. He was inclined to 
agree with Mr. Forbes that soluble paints were 
probably better than contact-leaching paints. A 
good deal of the chemical work which Mr. Forbes 
suggested should be done would be found in some 
later reports. These would deal with the effect 
of the separate constituents in the paint matrix 
on leaching rate and protection. Generally speak- 
ing, it was not quite true to say that the chemical 
side of anti-fouling work had not been sufficiently 
emphasised. That side had been built up much 
more slowly than the biological side, because it was 
felt that to obtain reliable results it was ne 
to know very definitely the fouling conditions at the 
exposure stations chosen. These investigations 
had then been followed up by work on the chemistry 
of the paints concerned. The investigators were 
now in a position to give a much more accurate 
account of the rate of loss of many of the constitu- 
ents of the paint film—not only the poisons—in sea 
water. That kind of work had been done on a 
large number of experimental formule and served 
as @ very good basis for the production of further 
experimental formulz in the future. 

The President then thanked the authors of all the 
papers for their contributions and declared the 
meeting closed. 





STAINLESS STEEL FABRICATORS’ ASSOCIATION.—A 
body known as the Stainless Steel Fabricators’ Associa- 
tion, having for its main object the promotion of the 
continuous and prcgressive impr« vement cf the industry 
and the advance in the well-being and status of all 
connected with it, has been formed in London. Mr. W. 
Van Helden, of Messrs. Joseph Sankey and Sons, Limited, 
has been elected the first chairman, and Mr. A. W. 
Branch, of Metal Propellers Limited, vice-chairman. 
An executive committee, consisting of the chairman, 
vice-chairman and Mr. ©. W. D. Swann, of Messrs. 
8S. J. and E. Fellows; Mr. L. Mountford, of Messrs. F. 
Mountford (B’ham) Limited; and Mr. L. G. Weldhen, 
of the Taw Manufacturing Company, Limited, has been 
formed. The secretary is Mr. H. Eyles, 0.B.E., and the 
offices are at the Chamber of Commerce, 95, New-street, 
Birmingham, 2. It has been stated that the Association 


will speak for the users of stainless steel as a whole; but 
sub-committees will be formed to deal with any par- 
ticular class of product, and in that sphere the Association 
desires to be of assistance in connection with selling con- 
ditions, standards of quality, and the exchange of 


AIRCRAFT PROPULSION. 


As recorded on 543, ante, a joint. meeting 
of the Institution of Mechanical Engineers and the 
Royal Aeronautical Society was held at the Institu- 
tion, London, §8.W.1, on; Friday, November 29, 
when Mr, F. M. Green, O.B,E,, and Mr. J. E. 
Wallington, B.A,, nted a joint paper on 
“* Aircraft Propulsion.”” Dr. H. J. Gough, F.R.S., 
vice-president of the Institution, invited Sir F. 
Handley Page, President of the Royal Aeronautical 
Society, to take the chair in the unavoidable 
absence of Mr. O. V. S. Bulleid, President of the 
Institution. A summary of the main points of 
the paper was included in our earlier reference, 
mentioned above. 

The discussion was opened by Dr. Harry R. 
Ricardo, F.R.S., who thought that the paper would 
do much to clear up loose thinking about the relative 
scope of the piston engine, the plain jet, the ducted 
fan, and the turbine-driven propeller. He agreed, 
though with reluctance, that there was little future 
for the piston engine as far as military usage was 
concerned ; military usage required very high power 
and a high-altitude performance such as the turbine 
alone could give. None the less, he thought that 
the piston aero engine would remain for many years 
to come. Fifty years ago, everyone predicted 
that within a few years the piston steam engine for 
ship propulsion would become a museum piece ; 
but in the Merchant Service to-day far more ships 
were being built with piston engines than with 
steam turbines. To-day, one of the most popular 
forms of propulsion for the medium and smaller 
sizes of merchant ship appeared to be the combina- 
tion of a high-pressure piston steam engine and a 
low-pressure turbine, geared together to a single 
shaft. There was much to be said, he thought, 
for a similar combination for long-range or long- 
endurance aircraft ; it held out the prospect of an 
overall efficiency at all altitudes well beyond the 
reach of either the piston engine or the turbine 
engine alone. He agreed with the method of 
approach in assessing the performance of the piston 
engine by taking as a basis the indicated horse- 
power developed per Ib. of air consumed per minute, 
but it must be remembered that this was applicable 
only to the four-cycle spark-ignition engine. The 
authors stated that, within narrow limits, all aero- 
engines of 5 in. to 6 im. cylinder bore were found 
to give 10-6 indicated horse-power per lb. of air per 
minute, and that all operated at maximum economy 
with an air-fuel ratio of round about 15:1. He 
was not pre to accept the view that this was 
the best that could be done. 

For military usage, high power output was the 
first consideration, and the accent was naturally 
placed on high supercharge rather than high com- 
pression. If, as the authors suggested, for civilian 
use a lower supercharge ratio should be employed, 
then, within the same pressure limitations, it became 
possible to use a somewhat higher ratio of compres- 
sion, and so to improve slightly the thermal effi- 
cieney. Under those conditions, they had been 
accustomed, with 100-octane petrol, to get well over 
11 indicated horse-power per lb. of air per minute. 
Again, the maximum-economy ratio of 15 : 1 applied 
only to an externally carburetted engine. If fuel 
injection to individual cylinders were used, especi- 
ally in a sleeve-valye engine, some measure of 
stratification could be obtained, and the maximum- 
economy mixture strength could be shifted to about 
16:1. By such means it was possible to improve 
on the figures given by the authors by nearly 
10 per cent. They had succeeded in getting and 
maintaining brake horse-power consumption figures 
at séa level as low as between 0-38 and 0-39 Ib. per 
horse power-hour at a piston speed of 2,000 ft. per 
minute, as compared with the authors’ minimum of 
0-42 Ib. That, of course, was at some expense in 
maximum take-off power, but take-off power could 
always be regained temporarily by the use of nitrous 
oxide or of water or methanol injection. 

Mr. Hayne Constant, M.A., said that he agreed 
with the conclusions of the authors; but, since they 
compared the piston engine with what might be 
achieved in the future by other forms of engine, 
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possible performance that the piston engine might 
give in order to make the comparison: He agreed 
with Dr. Ricardo that much better fuel consump. 
tions could be obtained from the piston engine than 
had been achieved so far. Very little work had 
been done to get high fuel economy from the spark. 
ignition petrol. engine; he saw no difficulty in 
getting a consumption of 0-37 lb. per brake-horse- 
power hour from a petrol engine running at a 
reasonable compression ratio. He was sorry that 
the authors could not give a little more detail 
about the performance that they expected the 
turbine engine to achieve. In fact, for the jet 
engine they gave only a hypothetical performance, 
while, in the case of the propeller turbine, no per- 
formance figures were quoted at all. He felt, 
therefore, that he must congratulate them on the 
intuition which had enabled them, by comparing 
rather pessimistic figures for the achieved per- 
formance of petrol engines with hypothetical figures 
for the ultimate performance of jet engines and non- 
existent figures for the propeller turbine, to arrive 
all the same at what, to his mind, was the right 
answer. 

Mr. G. J. C. Davies, B.Sc. (Eng.), was convinced 
that the propeller turbine had a vast field of appli- 
cation and a more immediate future than the jet 
unit. It was to the propeller turbine that it would 
be necessary to turn if the gap between the piston 
engine and the jet unit was to be successfully 
bridged. The use of axial and centrifugal blowers 
had given rise to much argument as to their relative 
advantages. The Bristol Aeroplane Company had 
endeavoured to compromise, and, on the Theseus 
propeller turbine, used an eight-stage axial blower 
with a@ final stage centrifugal. The main reason for 
adopting the centrifugal type was to get the air 
from the smaller diameter of the axial to the larger 
one required by the heat exchanger which was 
included in the Theseus engine; at the same 
time, the additional centrifugal stage increased the 
flexibility of the compressor without adversely 
affecting its adiabatic efficiency. Again, the addi- 
tion of the centrifugal impeller eased the starting 
problem, and by using varying amounts of blow-off 
it should be possible to start up a compressor of the 
type in question having a much higher compression 
ratio than 5:1. The possibility of reheating 
between stages was investigated in the early stages 
of the design of the Theseus turbine, where the 
separation of the compressor and the propeller 
drives appeared to offer distinct advantages in this 
respect. Reheating did not result in any marked 
increase in thermal efficiency, whether a heat 
exchanger was used or not. The air consumption 
could be reduced by about 15 per cent., but this 
was not considered sufficient to warrant the extreme 
complication involved. 

Another possible means of improving the thermal 
efficiency, with respect to propeller turbines in 
particular, was the use of heat exchangers, which 
apparently the authors did not consider very 
practicable. He felt, however, that there were 
great possibilities in their use, especially for long- 
range power plants, as they resulted in a longer life 
combined with a much lower fuel consumption, and 
lower compression ratios could be used, as stated 
in the paper ; but much development work, especi- 
ally with regard to manufacturing technique, was 
still required for the heat exchanger to become a 
really practicable proposition. A great advantage 
of a heat exchanger, such as was fitted to the 
Theseus engine, was that it could be removed when 
the duration of flight did not warrant its use. 

It had been stated many times that a solution to 
the problem of improving the thermal efficiency of 
turbine engines, and especially propeller turbines, 
was the use of higher gas temperatures, and there- 
fore it was necessary to have improved turbine 
materials. The use of ceramics had been suggested, 
but, so far as he knew, no great effort was being 
expended in this direction, at any rate in this 
country. He suggested that it might be worth while 
to obtain the’ views of specialists in ceramics, 
and that the manufacturers of ceramic products 
might initiate some research in this direction. 
Meanwhile, it was necessary to concentrate upon 
improving the efficiencies of compressors and 





such as the jet and the yee turbine, he thought 
that it would be fairer if they selected the best 





turbines, while giving some thought to the cooling 
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of turbine blades by air or » liquids, It was well to 
mention that, under Arcticcoriditions, powers 
could increase appreciably, owing to the higher 
air density and lower temperatures. It was thus 
advisable, when stressing turbine engines, to take 
into account the increased loadings experienced 
under such conditions. If an engine was to be 
designed to operate in both tropical and Arctic 
conditions, it might suffer from increased penalties 
on both grounds, of providing for increased power 
and increased strength. In civil aircraft, the weight 
penalty necessitated in order to cater for Arctic 
conditions might be avoided by imposing limitations 
of power on aircraft unless the height was above a 
predetermined figure, in which case, of course, the 
air temperatures were the same everywhere. Since, 
at normal flying altitudes, the difference in atmos- 
pheric conditions would not be very marked, such 
limitations would have to be imposed only on very 
rare occasions. 

Mr. L. J. Cheshire, M.Sc. Tech., referred to the 
implication that jet engines must compete with 
reciprocating engines on a fuel-consumption basis 
before they would be justified for civil transport 
work. It was argued that, because it was only at 
high speed and high altitude that the consumption 
of the jet engine was superior to the reciprocating 
engine in respect of fuel per thrust-horse-power hour, 
its use at the present time would be confined to high- 

speed aircraft. That basis, however, 
ignored the fact that, with the jet engine, the engine 
and aircraft were very much more interdependent 
than they were with aircraft of the conventional 
type; the factors involved in aircraft design were 
so changed that, unless others besides fuel consump- 
tion were fully taken into account, erroneous con- 
clusions might be reached. While the general 
conclusions at which the authors had arrived were 
quite right, he thought that they were based on 
inadequate premises. The installed weight of a 
jet engine would probably be one-third of that of 
the corresponding reciprocating engine, so that 
extra fuel could be carried without diminution of 
pay-load for some ranges. Again, corresponding 
jet aircraft usually had a drag as low as two-thirds 
of that of reciprocating-engine aircraft. That was 
important, because the mere fact that the aircraft 
had less drag and that the speed was thereby in- 
creased also increased the power of the engine 
without any change in that engine. When those 
factors were fully taken into account, the fact 
emerged that aircraft equipped with jet engines 
could operate efficiently at lower speeds and altitudes 
than were implied in the paper. He thought that 
about 350 m.p.h. would be the economic speed for 
jet aircraft on a range and pay-load basis, for both 
long and short ranges. It was true that, for long 
ranges, the economic height was above 36,000 ft., 
but for long ranges with conventional aircraft 
25,000 ft. was commenly assumed; so far as passenger 
comfort was concerned, there was no difference, 
because in both cases they would have to be suitably 
pressurised. If jet aircraft could fly under condi- 
tions suited to their characteristics they would be 
found to be more economical than conventional 
aircraft under most conditions, where low speeds 
or low altitudes were not definite requirements. 
Ranges of 2,000 miles or more were possible with 
jet engines with to-day’s performance, with a very 
good pay-load. If the jet engine was properly 
exploited in that way, it was, in his view, a matter of 
some doubt whether for mgny purposes even the 
propeller gas turbine would justify its extra weight 
and complications. Also, the absence of vibration, 
which had to be experienced to be fully appreciated, 
would enable structure weights to be reduced, in 
addition to the inestimable advantage from the 
point of view of passenger coinfort. 

Mr. James Hodge, M.A., said that the differences 
between the characteristics of the several types 
were so fundamental that a general comparison, 
taking into account all the relevant factors, was 
very difficult indeed. Although the paper went 
some way towards what. was attainable—in parti- 
cular, in that the characteristics of the reciprocating 
engine were expressed in terms of net thrust horse- 
power—it ignored many other important factors. 
Only passing reference was made to the differences 
in specific weight, but it was the total weight of 
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fuel plus engine which mattered, rather than the 
fuel weight alone. Considering an aircraft having 
a drag coefficient of 0-022, a wing loading of 45 lb. 
per square foot, and an aspect ratio of 9, and 


assuming the same characteristics of the aircraft | PA°Y 


for both reciprocating engines and jets (although, 
as Mr. Cheshire had pointed out, that was not 
fair), assuming that each type was flown at its 
optimum altitude, and that the fuel used to reach 
that altitude was included in the calculations; then 
the ranges and pay loads would be equal when the 
range (in still-air miles) was 1,000 miles and the 
speed 275 miles an hour, range 1,500 miles and speed 
300 m.p.h., range 2,000 miles and speed 320 m.p.h., 
and range 2,500 miles and speed 330 m.p.h. 
It would be seen, therefore, that the speeds for 
equal useful load were lower than was generally 
supposed. For any given range and a speed above 
that just given for equal pay-load, the jet had an 
advantage in pay-load, or vice versa. The jet air- 
craft had the further important advantage that, in 
using a larger weight of fuel, its wing loading was 
reduced during the flight to that of reciprocating- 
engined aircraft, thus allowing either a higher take- 
off loading or a reduced landing speed. The fuel 
consumption of the gas turbine was higher in 
general, except under very high-speed and high 
altitude conditions, but the cost of fuel per gallon 
should be rather lower. There was no justification 
for using specially expensive fuels for the gas tur- 
bine. 

Fuel costs were not a large proportion of the 
operating costs of an air line, and any loss incurred 
in that respect by the use of gas turbines should be 
more than compensated by other factors. In the 
example quoted, the pure jet had been purposely 
taken to bring out to the full the importance of 
engine weight. The ducted fan and propeller gas 
turbines were intermediate cases. There seemed 
little doubt, however, that the gas turbine driving 
a propeller would be the most useful type of power 
unit for speeds between, say, 200 m.p.h. and 350 
m.p-h. for all transport aircraft. The top speed of 
a pure jet aircraft did not remain constant up to 
30,000 ft., but increased continuously from sea 
level to 36,000 ft.; but, provided that its ceiling 
was appreciably above the tropopause and that it 
was not affected by Mach number, it rose con- 
tinuously to 36,000 ft. and dropped fairly quickly 
above that. The most economic condition for 
which to design a jet aircraft was about 10 per cent. 
above minimum drag speed at 36,000 ft. 


(To be continued.) 





TUNNEL FOR ELECTRIFIED LINE, L.N.E.R,—The 
London and North Eastern Railway Company announce 
that they are vo drive a new single-line tunnel alongside 
the existing double-line tunnel at Thurgoland, Yorkshire. 
It lies between Wortley and Penistone, and was first 
used on July 14, 1845, when the Dunford Bridge-Sheffield 
section of the Manchester-Sheffield main line was opened 
for traffic. The new tunnel is required because the 
present one is not large cnough to accommodate double- 
line overhead equipment for the Manchester-Sheffield 
electrification scheme. The present double-line tunnel 
will become a single-line tunnel for up traffic and the 
new one will be used for down traffic. The tunnel, 
which is less than a quarter of a mile in length, will be 
lined with concrete and the work is expected to cost 
approximately 124,0001. 





PORTABLE FUME REMOVER.—Messrs.*Lincoln Electric 
Company, Limited, Welwyn Garden City, Hertfordshire, 
have gent us a leaflet describing and illustrating a portable 
electrically-driven exhausting apparatus for removing 
dust, smoke and fumes from the vicinity of, say, a 
welding operation. The apparatus, which is known as 
the “ Linconditioner,” consists of a cylindrical casting, 
20 in. in diameter, mounted on castors and containing a 
motor driving an exhausting fan and a filter. A 3-in. 
flexible steel hose, of any desired length between 10 ft. 
and 35 ft., is connected to the top of the casing and may 
be set so that its collecting end, which terminates in a 
conical suction hood, is near the work. The exhausting 
capacity with a 10-ft. hose is 250 cub. ft. per minute and 
the power required is 440 watts. With 35 ft. of hose, 
the capacity is 170 cub. ft. per minute and the power 
required is 370 watts. A steel frame on the top of the 
casting supports the hose. The portability of the appa- 
ratus is only limited by the trailing cable supplying the 
fan motor. The filter will serve about a week before 
cleaning becomes necessary. 





TRACK AND WATER TROUGH 
RENEWALS ON THE L.MS.R. 


Tue London Midland and Scottish Railway Com- 
have recently renewed a length of ‘main-line 
track with 113-Ib. flat-bottomed rail, the track being 
pre-assembled at a depot in 60-ft. lengths, and water- 
troughs being welded at the joints into 60-ft. lengths 
instead of being bolted or riveted. The work was 
carried out at the Hademore troughs between Tamworth 
and Lichfield (Trent Valley) stations on the Western 
Division main line from Euston to Crewe. The troughs 
are situated between falling gradients at each end, on 
a two-track section carrying heavy and frequent traffic. 
The ground formation in this district is soft, and the 
effect of water splashing and leaking from the joints 
of the troughs has been the deterioration of the condi- 
tion of the ground and track, thus rendering main- 
tenance difficult. It was decided, therefore, to abolish 
the practice of riveting or bolting 10-ft. lengths of 
trough in situ, which gave rise to these leakages, and 
institute a system of welding six 10-ft. lengths into one 
at a depot. The total length of each set of troughs is 
600 yards, and at the permanent-way depot where 
they were prefabricated, rotating jigs were used to 
facilitate welding. Thus the number of bolted or riveted 
joints which have to be maintained in good order has 
been reduced by over 80 per cent., and the work of 
renewal has been simplified. The track which was 
renewed at Hademore comprised 720 yards on the down 
line and 740 yards on the up line, and the work was 
carried out on two Sundays, November 17 and 24, 1946. 
The 113-Ib. flat-bottomed rail was secured to cast-iron 
baseplates by elastic rail spikes supplied by the Elastic 
Rail Spike Company, Limited, 117, Fenchurch-street, 
London, E.C.3. Whereas 24 sleepers are normally 
used for each 60-ft. length of rail, 26 are used under 
water troughs or in tunnels, and this proportion was 
used at Hademore. Some of the spikes were Parkerised 
to retard corrosion, and others were galvanised. The 
troughs were treated with a paint to prevent the 
growth of alge. 

The pre-assembly of track in 60-ft. lengths by the 
Southern Railway was described on page 332, ante, 
and the L.M.S. have adopted this method for similar 
reasons, namely, to reduce the “ possession ” time on 
the permanent way and economise in labour costs. 
At Hademore the track being re-laid was occupied for 
eight hours on each Sunday and the adjacent track for 
13 hours. The train conveying the pre-assembled 
permanent way, troughs and ballast, was marshalled in 
a specific order according to the plan for renewal, and 
on arrival at the site, was divided into two sections, 
which were placed one at each end of the length of 
track to be renewed. For the initial third of the 
task, two cranes travelling on the adjacent line were 
used, but when the feeder-points for the water troaghs 
were reached, one crane continued the track renewal 
while the other handled the troughs. Special tackle 
was made for lifting the 60-ft. lengths of trough on 
and off the wagons. The work was illuminated at night 
by six 300-watt lamps supplied with current from two 
portable petrol-driven 1-kW generators, and located at 
50-ft. intervals along the track. 





WEST OF SCOTLAND IRON AND STEEL INSTITUTE.— 
The Council of the West of Scotland Iron and Steel 
Institute, 39, Elmbank-crescent, Glasgow, C.2, have 
decided that volume 52, part 6, of the Journal of the 
Institute will be the last to appear in its present form. 
Commencing with volume 53, the Journal will be issued 
as an annual volume, the page size will revert to the 
original octavo, and there will be no advertisements. 
At the same time, there will be a change of policy in 
the recording of the proceedings ; in future, papers will 
be divided into three groups, namely, informal papers 
read at meetings but not printed; papers read at 
meetings and included in the Journal; and papers 
unsuited to oral presentation which are printed for 
written discussion. 





DISMANTLING OF FACTORIES IN GERMANY.—In reply 
to a question by Major D. W. T. Bruce in the House of 
Commons, on December 4, the Chancellor of the 
Duchy of Lancaster (Mr. J. Hynd) said that seventeen 
factories were being dismantled in the Western Zones of 
Germany. These were two factories of Schiess A.-G. 
at Diisseldorf and one at Reisholz ; Krupp at Borbeck ; 
Bandeisenwalzwerke, Dinslaken; MHaniel and Lueg, 
Diisseldorf; Kurbelwellenwerke, Glinde, Hamburg ; 
Hanseatische Kettenwerke, Langenhorn, Hamburg; 
and Metallwerke, Neuengammen, Hamburg. All these 
were in the British Zone. In the American Zone the 
factories concerned were Kugelfischer, Schweinfurt ; 
Deschimag-Weser and Deschimag-Valintin, Bremen ; 
Gendorf, Munich; Daimler Benz, Obrigheim; Fritz 
Miller, Oberesslingen and Bohner und Kornle, Hsslingen. 
In the French Zone, Degussa, Rheinfelden, was to be 
dismantled. 
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AUDIO-FREQUENCY MILLIVOLT- 


METER. 


A MILLIVOLTMETER recently placed on the market 
by the General Electric Company, Limited, Magnet 

ouse, Kingsway, London, W.C.2, has been designed 
primarily for measuring voltages at audio frequencies 
of between 25 and 20,000 cycles per second, such as 
occur in communication equipment and in sonic- 
frequency amplifying apparatus. It can, however, 
also be used for measuring the small ps, yp 
which occur in circuit-breaker contacts, *bus-bar con- 
nections, heavy-duty links, and similar places. It 
is provided with 15, 50, 150 and 500 millivolt ranges, 
as well as other ranges for 1-5, 5, 15, 50 and 150 volts, 
respectively. It is claimed that the accuracy is about 
3 per cent. of the full-scale reading on all ranges with 
true sine-wave output. The millivoltmeter is operated 
from a 200 to 250 volt, 40 cycles to 100 cycles, supply, 
and the consumption is about 50 watts. The net 
weight is 27} lb. and the instrument measures 16 in. by 
10 in. by 10} in. 

The circuit comprises a two-stage amplifier with 
negative feed back, which stabilises the gain at 100. 
This is followed by a diode rectifier and direct-current 
amplifier which has a degenerative action and, so it is 
claimed, eliminates errors due to changes in the valve 
parameters. The amplifier is connected in a bridge 
circuit and the out-of-balance current indicates the 
voltage. Although the instrument reads the peak 
value of the wave it is calibrated in R.M.S. volts, 
assuring a sinusoidal input. The short-term overload 
capacity is high and even if the full mains voltage, say 
440 volts, is accidentally applied to the lowest voltage 
range no damage will result if the instrument is dis- 
connected quickly. The highest overload, which 
can possibly be applied to the moving coil, is about 
100 per cent., and this is not sufficient to burn out the 
coil, even if it is continued indefinitely. The resistive 
component is about 1 megohm throughout the fre- 
quency range, and the input capacitance is about 20 
picofarads. The indicating instrument is of moving-coil 
design with an open 5-in. scale, so that it is appreciably 
longer than that usually provided in valve voltmeters. 





RESEARCH ON METAL-FINISHING 
PROCESSES. 


Durrsa the war the problems relating to the finish 
given to metals were of a specialised nature, but the 
return to normal peace-time production has brought 
with it a demand for decorative finishes of a high order, 

rticularly for goods destined for the export market. 

order to study the questions involved in metal- 
finishing processes in the most economical and efficient 
manner, the Research Board of the British Non-Ferrous 
Metals Research Association, Euston-street, London, 
N.W.1, have decided to provide an extension of the 
facilities hitherto available in their laboratories. The 
Association are therefore embarking on a programme 
of laboratory expansion to provide, among other things, 
facilities for a metal-finishing section. It may be 
recalled that, before the war, the Association’s interest 
in electro-deposition was dealt with by co-operation 
with the Research Department, Woolwich, but it is 
considered that the Association are in a unique position 
to serve the metal-finishing industry by undertaking, 
in their own laboratories, researches on metal-finishing 
in parallel with work on other aspects of metal 
quality which has been their concern for many years. 
The extensions decided upon by the Association will 
include an experimental electroplating shop and a 
special laboratory for research of a more fundamental 
kind. The work of this section will be under the 
supervision of Mr. E. A. Ollard. This extension of the 
Association’s work has been made possible by the 
support which has been received from certain members 
in the past, but if the industry is to obtain the maxi- 
mum advantage from this development, it is empha- 
sised that the co-operation of a much wider section of 
the metal-finishing industry must be secured. The 
Association therefore wish to establish contact with all 
firms interested in this project and invite any company 
concerned with metal finishing in any form, other than 
painting or lacquering, to communicate with the 
Director of the Association, giving brief particulars of 
the type of work undertaken. 





INSTITUTION OF CIVIL ENGINEERS OF IRELAND.—- 
Awards made in respect of papers presented during the 
1945-46 session, before the Institution of Civil Engineers 
of Ireland, 35, Dawson-street, Dublin, were presented at 
a meeting of the Institution held on December 2. The 
awards included the Smith Testimonial Premium to 
Mr. V. D. Harty; Mullins Silver Medals to Mr. H. P. 
Clifton, Mr. H. A. Delap and Mr. J.J. O’Kelly; the Presi- 
dent’s Prize to Mr. J. P. Quigley ; and a special prize to 
Mr. K. D. Brennan. 





LABOUR NOTES. 


THE writer of the editorial notes in the November 
issue of the Amalgamated Engineering Union’s Journal 
says that “one important aspect of the closed shop 
controversy ” which received attention at the Brighton 
Trades Union Conference was the responsibility of 
managements to refuse to recognise, or deal with, 
“break-away and spurious” organisations. ‘The 
T.U.C. President referred to it in his address, when he 
declared that where trade-union standards have to be 
maintained by local authorities, or by managements, 
it is their duty to see that their workers join the 
appropriate union. Nor does the onus on management 
to support sound Trade Unionism end there.” 





“Tt is not suggested,” the writer continues, ‘‘ that 
unions need the help of managements to do their 
organising work. It is not suggested by any means 
that managements have to adjudicate upon the claims 
of bona fide trade unions against those who could not 
obtain affiliation to Congress or work with other trade 
unions because of their non-bona fide character. Con- 
gress, however, in our view, was right in placing upon 
management the obligation of refusing to bolster up, 
or recognising or come to terms with, disruptive and 
mischief-making bodies that usurp the rights of bona 
fide wnions. That was where the General Council 
placed their emphasis in their statement on the Closed 
Shop, and, with it, one union, which has a long experi- 
ence in this matter, is heartily in agreement.” 





At the end of October, the membership of the Amal- 
gamated Engineering Union was 783,200—an increase 
of 9,879 compared with the total at the end of Septem- 
ber. The number of branches was 2,305. During 
October, 5,998 members were paid Sick Benefit—an 
increase of 357—and 1,861 members Unemployment 
Benefit—an increase of 120—and superannuation pay- 
ye were received by 18,176 members—an increase 
of 420. 





Eighty-two new members were enrolled in October 
by the United Patternmakers’ Association, making the 
total membership 14,574. During the month 29 mem- 
bers were paid trade benefit and 239 members sick 
benefit. There were 808 superannuated members. 





The engineering industry’s 44-hour week agreement 
is to operate as from January 6. As has been stated, 
it provides for a five-day week, but, to quote from 
the text, the parties “‘ appreciate that there will be 
instances where working on a 5}-day week basis will 
be necessary. In this connection, the parties pledge 
themselves to have full regard to the needs of particular 
establishments and to their relationship to other 
sections of industry. Considerations of light and 
weather should be taken into account and provided for.” 





“In cases,” the agreement continues, “where a 
five-day week is operated, the working hours shall be 
arranged to give a normal working week of 44 hours ; 
for example, two days of 8} hours each and three days 
of 9 hours each, or four days of 9 hours each and one of 
8 hours. In consideration of the time worked beyond 
8} hours in the day, a special supplement is incorporated 
as part of the increase in the national bonus provided 
for . . . equivalent to the overtime premium pay- 
ment for the half-hour per day worked beyond 8} hours. 
Hours worked on Saturday morning shall be subject to 
overtime premium.” 





“* The special supplement incorporated im the national 
bonus provided for . . . shall also apply,” it is 
agreed, “to the 53-day worker, to ensure that he will 
not be at a disadvantage as compared with the 5-day 
week worker. Where 44 hours are worked on 5} days, 
the hours which shall constitute the normal hours in 
the factory shall be agreed between the employer and 
his workpeople. Hours worked before or after the 
normal hours of the establishment shall be subject to 
overtime premium payments in terms of the Overtime 
Agreement.” 





The final claim in the agreement is as follows :—“ In 
the interests of production, the parties agree that the 
recognised working hours should be as effective as 
possible. It is, therefore, implied in this agreement 
that there should be a strict observance of the recognised 
working hours, notably at starting and stopping.” 





The latest Trade Report of the United Patternmakers’ 
Association gives details of an ent on the wages 
} sara reached with the Light Casting Employers’ 

ederation. The scheme adopted, which is now in 
operation, is, in the main, based on the collective 
principle. It provides that the average man will obtain 





at least 6/. 10s. 2d. per week of 47 hours, and the prin- 


ciple applies in the case of every patternmaker in the 
light-casting industry. For the pu of computa- 
tion, it is officially stated, a rate of 41. 2s. 3d. is estab. 
lished which will probably become the base rate when 
agreement is reached with the piece-working side of the 
industry on the transference of 30s. from the national 
bonus to the base rate without increase in prices. 
“This new rate,” Mr. Beard says, ‘‘ safeguards our 
Arbitration Award of 5s. 3d., and is made up as follows ; 
the old base rate 2l. 7s., plus 5s. 3d. compensatory 
bonus plus ll, 10s. transferred from national bonus. 
The effect of this agreement is that our members shall 
have a minimum increase in earnings of 14s. 5d., or, 
in other words, the light-casting patternmaker should 
be in receipt of at least 17s. 5d. per week of 47 hours 
more than the average engineering patternmaker 
receives on a time-work basis.” 





According to the National Union of Railwaymen. 
the London Passenger Transport Board have accepted 
the principle that all their staff should be members of 
trade unions recognised by the Board as responsible 
for dealing with agreements and questions arising out 
of them. It is understood that the four main-line 
railway companies are considering the question of 
taking similar action on representations made to them 
by the N.U.R. 


Figures based on data supplied by the Chief Regis 
trar of Friendly Societies, and also from direct returns, 
show that the membership of trade unions in the 
United Kingdom at the end of 1945 was 7,803,000- 
a decrease of 223,000 compared with the total twelve 
months’ earlier. Union membership reached it highest 
point in 1920, when it was 8,348,000. In 1933, it was 
only 4,392,000, but, after that, it rose steadily to 
8,117,000 in 1943. The reduction in 1945 was mainly 
due to women leaving industry ; the number of women 
members decreased by 214,000. 





The total number of unions was 765, compared with 
952 the previous year. Before the war, there had been 
for many years more than 1,000. The reduction in 
1945 was partly due to the amalgamation of the union 
of mineworkers and constitutional changes in a group 
of Civil Service unions. Fifteen unions with member- 
ships of 100,000 or more account for nearly two-thirds 
of the membership, and 78 other unions with 25,000 or 
more represent nearly another fifth. On the other 
hand, 477 unions had fewer than 1,000 members each 
and represented less than 2 per cent. of the total. 





In their report to the Trades Union Congress at 
Brighton, the General Council stated that 192 unions 
were affiliated with a membership of 6,671,120. The 
only unaffiliated unions with memberships of more 
than 100,000 are the National Association of Local 
Government Officers and the National Union of 
Teachers. On the other hand, a high proportion of 
the very small unions are unaffiliated. 





The application of the Confederation of Shipbuilding 
and Engineering Unions for a reduction of the working 
week from 47 hours to 40 hours was considered at a 
conference on Friday last between representatives of 
the Shipbuilding Employers’ Federation and repre- 
sentatives of the Confederation. The matter is again 
to be discussed at a meeting on December 17. It is 
understood that while the Confederation intends to 
press its demand for a 40-hour week, it is willing to 
accept a 42}-hour week “‘for the time being.” The 
demand of the unions for a ‘‘ guaranteed week "’ when 
the Essential Work Order ceases to operate at the end 
of this month is also under consideration. 





Fears are finding expression in interested circles in 
Manchester that the Board of Trade plan for the 
mechanical re-equipment of the cotton textile industry 
will prove unacceptable. The success or failure of 
the scheme depends, it’ is argued, on whether the 
spinner, who now earns higher wages than ever before, 
and has a five-day week, is prepared to operate the 
two-shift condition in the proposals. A large body of 
operatives is opposed to the system. 





The changes in rates of wages reported to the Ministry 
of Labour and National Service as having come into 
operation in October resulted in an aggregate increase 
estimated at 97,0001. in the weekly full-time wages of 
about 268,000 persons and a decrease of about 9,400/. 
in those of 184,000 persons. The principal groups of 
workpeople affected by the increases were agricultural 
workers in Scotland, paper box makers, hollow-ware 
and cutlery workers, brush and broom makers, and 
employees of retail co-operative societies and land 
drainage authorities. The reductions mainly affected 
pig iron, iron and steel, and tobacco workers, whose 








rates were reduced under cost-of-living sliding scales. 
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NOTES ON NEW BOOKS. 


Finance for the Engineer. By Gonpon Lows. Mech- 
anical World Monograph No. 21. Emmott and 
Company, Limited, 31, King-street West, Man- 
chester, 3. [Price 2s. net.] 


Mr. Lows must have found it difficult to attempt 
to give engineers a useful knowledge of finance 
in 50 small pages. The paragraphs on companies, 
directors, secretaries, etc., are addressed primarily to 
the ineer who has decided to form his business 
into a limited company, and they may be helpful in 
this respect. The author then enumerates the prin- 
» 4 financial pitfalls connected with the operation 
of @ company, and suggests means of avoiding them. 
Most engineers, even if they have had very little 
pega of finance, are familiar with wages diffi- 
culties, and for that reason the paragraphs on labour 
costs are probably too sketchy to useful. Short 
paragraphs on patents, trade marks, and insurance 
conclude the survey. As the author assumes that the 
engineer who reads the book is seriously concerned 
with finance, it would have been helpful to include an 
up-to-date bibliography. As it is, the book is liable to 
give the reader the impression that he is being intro- 
duced to a realm where a wrong step will cost him a 
501. fine for contravening the Companies Act, especially 
if ~“S painfully conscious of being ill-equipped to walk 
at all. 

Starting a New Industry. By A. Laszio. Mechanical 
World Monograph No. 28. Emmott and Company, 
Limited, 31, ist-dtoest West, Manchester, 3. 
[Price 28. 6d. net.] 


THE sub-title, Deciding, Siting, Staffing, Starting-up, 
and Developing New Factories, clears up any doubts 
about the meaning of “a new industry” in the title 
of this monograph. Mr. Laszlo explains in his preface 
that the principles of works management have been 
covered fully in standard books on the subject, and he 
has, therefore, attempted to solve the problems of 
“industrial pioneering.” He is also aware that much 
of what he writes is controversial. This seems to be 
particularly true of the chapter on labour, staff, wages, 
and “industrial world planning,” where the dividing 
line between Utopian ideals and the practical business 
in hand is not clear. The book will interest students 
and general readers who enjoy a controversy on the 
subject for its own sake, but the industrial pioneer 
himself will do well to keep the standard books on 
works management for occasional reference and, if he 
succeeds, will do so by virtue of an acumen which 
defies diagnosis by Mr. Laszlo or anybody else. 


What Engine is That? By H. C. Wessrer, B.Sc. 
Sampson Low, Marston and Company, Limited, 43, 
Ludgate-hill, London, E.C.4. [Price 10s. 6d. net.] 


Tuts is a book of British locomotive t . Each is 
illustrated by a black-and-white sketch which has the 
appearance of a linocut print, but is, in fact, a line 
drawing with the dimensions erased and a few details 
added. The principal dimensions are tabulated, and 
the name of the designer, the locomotive works and 
the year of original manufacture, the type of valve 
gear, and the districts where the class largely operates, 
are added. The book is stated to be “ compiled for 
the interested observer of locomotives and their per- 
formance rather than for the technical expert”; but 
such a reader will require to learn rather than to 
criticise and for this purpose the information contained 
r acl text and illustrations leaves something to be 
esired. 








Electricity in the Building Industry. By F. C. OncHarD, 
M.LE.E., A.M.I.Mech.E. Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
15s. net.] 


Mr. OrncuHagp states in his introduction to this book that 


the need for housing and general building construction 
will only be met by “the use of more uctive 
methods in the manufacture of raw material, the making 


of component parts, in transport, and in erection, and 
the only common factor is the machine tool.” The par- 
ticular implication drawn from this remark is that full 
use should be made of electrically-driven tools in 
builders’ yards and workshops, and one chapter of the 
book contains descriptions of the simpler types of 
woodworking machines. A considerable amount of 
information of a mechanical nature is given in this 
chapter and elsewhere, but the main purpose of the 
book is to furnish the builder with such electrical 
pry ong as will enable him to take proper advantage 
of the electric drive in equipping and laying-out his 
shop or , Seater electrical principles are 
dealt with at the outset and are followed by chapters 
on electric motors, and their installation and main- 
tenance, workshop wiring, running costs and other 
cognate matters. An informative chapter on portable 
electric tools concerns a type of appliance. which may 








be used either in the workshop or on actual building 
operations. For the latter application, the use of a 
110-volt circuit is recommended, current being fur- 
nished either from an oil-engine set or a portable 
230/110-volt transformer. A safety device is described 
for use with portable tools; the mid-point of the 
secondary winding of the transformer, or the neutral 
ring of the alternator, is connected to earth through 
the leakage trip coil, the arrangement reducing the 
possible shock to an operator to 55 volts. Safety 
precautions and testing methods are dealt with very 
thoroughly throughout the book, various testing instru- 
ments of the author’s design being described. The 
volume closes with a chapter on recent research, 
which describes such matters as the electrical seasoning 
of wood, and high-frequency heating. 





Hydraulic Measurements: A Manual for Engineers. 
By Proressor Hersert Appisox, M.Sc., 
A.M.Inst.C.E. Second edition. Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
21s. net.] 


Tue good opinion which we expressed of this work 
when reviewing the first edition, some six years ago, is 
confirmed by a perusal of the second, It is a tribute 
to the completeness of the original text, indeed, that 
the author—Professor of Hydraulics at the Fuad I 
University, Egypt, and a keen and dispassionate critic, 
who can be trusted to apply these qualities to a recon- 
sideration of his own work—has found comparatively 
little to do to it in preparing the new edition; the 
descriptive matter has been brought up to date where 
necessary, mainly in the part of the book devoted to 
fluid meters, but substantially it remains as written 
in 1940. Not the least valuable features are the 
appendices, containing a table of simple and compound 
conversion factors of much wider scope than is custo- 
mary in hydraulics text-books ; a table of the physical 
properties of fresh water ; a glossary of technical terms ; 
and an excellent bibliography, amplifying the references 
given in the text, chapter by chapter. As a survey 
of the methods and apparatus employed in making all 
kinds of hydraulic measurements, and as an example 
of text-book compilation and production, this is a 
book to be thoroughly recommended. 


Ford At War. By Himary St. Gzorce SaunDERS. 
The Ford Motor Company, Limited, Dagenham, 
Essex. 


Pernaps the most remarkable feature of the Ford 
Motor Company’s war effort, revealed by this interesting 
record by the author of The Battle of Britain and other 
war-time official brochures, is the long period in the 
early stages of hostilities, when the Service departments 
made no use of the great productive resources of the 
Dagenham factory and its associated undertakings, 
and the extraordinarily rapid acceleration of output 
when at last this policy was reversed. To take only 
a couple of items: 56,616 15-cwt. trucks for the War 
Department would have been a ble production 
figure for any commercial undertaking to have achieved, 
and so would 137,483 agricultural tractors; but when 
to these are added more than 34,000 Rolls-Royce 
Merlin aero engines—an outstanding example of the 
application of true mass-production methods to an 
initially “‘ tailor-made” article—more than a quarter 
of a million V-8 engines, and a variety of miscellaneous 
products such as 2,000,000 gallons of tar, 380,000 gallons 
of motor benzole, and some 6,000,000 linxs for tank 
tracks, the magnitude of the company’s effort can be 
appreciated. Mr. Saunders writes easily and clearly, 
and has been well supported by Miss Helen McKie in 
the provision of coloured diagrams and other illustra- 
tions, and by the selector of his official photographs. 








T he Contractor’s Problems. By Norris L. Hay- 
WARD. McGraw-Hill Book Company, Incorporated, 
330, West 42nd-street, New York 18, U.S.A. [Price 
2-50 dols.]; and McGraw-Hill Publishing Company, 
Limited, Aldwych House, Aldwych, London, W.C.2. 
[Price 12s. 6d.] 

WBHILE, as it deals with cases based on United States 

law, this book is likely to be of only limited utility to 

the English contractor, the method of presenting the 
various legal points is sufficiently novel to commend 
it as an unusual and ingenious attempt to ex- 
pound the technicalities of law to the layman. Each 
of the “‘ chapters ”*—more than 100 in all—is based 
on an actual ruling of an American Court and is headed, 
after the manner of a detective story, “‘ The Case of” 
the Contractor’s Lien, the Defective Work, the Verbal 

Notice, etc. ; an arrangement which is partly explained 

by the fact that the book is compiled from a series of 

articles which ap in the journal, Construction 

Methods, but which has incidental merits of its own. 

That all the untoward incidents should have happened 

in the experience of one man, “‘ Tractor Conn,” rather 

suggests, in the mass, that this gentleman may have 
missed his vocation; but there is no question that he 
had the backing of an abie lawyer. 





FEED DISTRIBUTION AND 
HUNTING IN MARINE 
WATER-TUBE BOILERS.* 


By H. Huurser, 0O.B.E. 
(Concluded from page 552.) 


Tue characteristics of boiler hunting can be illus- 
trated in a diagram such as Fig. 13, on page 574. 
The variation of the water level in the gauge glass 
is shown in a simplified way by the full line in the 
upper part of the diagram. The water levels at which 
the feed regulator was closed and wide open are 
known, and have been indicated relatively to the 
varying waterlevel. Starting a cycle from A, the water 
level rises gradually because the feed regulator is wide 
open and is passing more water than steam is being 
generated until, at B, the feed regulator commences to 
close and gradually reduces the feed supply into the 
boiler as the water level rises to C, at which point the 
regulator is closed and the feed flow is completely 
stopped. At some point after the feed supply has com- 
menced to fall, the rate of steam generation commences 
to increase and gives rise to swelling. After the feed 
regulator has closed at C, the further rise of the water 
level from C to D is caused entirely by swelling in the 
boiler and must therefore be associated with an increas- 
ing rate of steam ration which reaches its maximum 
at D. From D the water level gradually falls, due to 
evaporation at the-maximum rate, until the point E 
is reached, when the feed regulator opens a: 
an increasing supply of feed water as the level falls 
from E to F, at which point the feed regulator is again 
wide open and passing feed water at the maximum rate. 
At some point after the feed supply starts to increase, 
the rate of steam generation commences to fall and 
causes subsidence. After the feed regulator has 
reached its wide open position at F, the further fall in 
water level from F to G must be caused by subsidence— 
due to the rate of steam generation stil] falling—until 
it reaches a minimum at G. This completes a cycle 
which repeats continuously. 

The variation in the rate of feed flow is shown in 
the lower part of Fig. 13. To simplify the diagram it 
has been assumed that the water level varies gradually 
from the lowest level to the highest level, and that 
the feed flow varies gradually from a maximum, when 
the feed regulator is wide open, to zero when the feed 
regulator is closed. From H to J the feed flow is 
the maximum passed by the feed regulator when wide 
open. From J to K the feed flow is gradually cut off 
until zero is reached at K, and persists to L, followed by 
a gradual increase in feed flow to the maximum again 
at M, which is maintained into the next cycle where 
the variation is repeated. The steam generation curve 
is estimated from the feed flow curve, and in placing 
the curve showing the rate of steam generation relative 
to time in the cycle, it has been assumed that there 
is a time-lag between the rate of feed supply and the 
equilibrium rate of steam generation. 

When the feed regulator closes the feed supply at 
the point C, the water level continues to rise, and this 
is due to the volume of steam below the water level 
beimg increased due to an increasing rate of steam 

ration which reaches a maximum at point D. 
ere is therefore a time-lag of C X between the time 
when the feed regulator closes and the time when the 
maximum rate of steam generation is reached. Such a 
time-lag between the rate of feed supply and the rate 
of steam generation, which should be associated with 
that rate of feed supply and a constant rate of fuel 
combustion, persists throughout the cycle, the steam 
generation starting as a minimum at N, passing to P, 
cit Gen; ciahags eapuny Oy wp Seinen, Ore are 
being completed by the steam generation falling 
gradually from R to 8. 


When the feed magneton: reaches its wide-open 
position at the point F, the water level continues to 
fall to G, and this is due to the volume of steam below 
the water level being reduced, due to a falling rate of 
steam generation which reaches a minimum at 

int G. There is, therefore, a time-lag equal to F Y 

tween the time when the feed regulator reaches the 
wide-open position and passes feed at the maximum 
rate and the time when the minimum rate of steam 
generation is reached. 

If no time-lag existed, maximum steam generation 
would occur during the period when the feed regulator 
is closed, and minimum steam generation would 
obtain when the feed regulator is wide open and the 
rate of feed supply is a maximum. The persistent 
time-lag between the change of feed supply and the 
change of steam generation makes it impossible to 
obtain equilibrium between the rate of feed supply and 
the rate of steam generation ; and the hunt is therefore 
continuous so long as it is possible for the rate of evapo- 





* Paper read before the Institution of Mechanical 
Engineers, London, on Friday, November 8, 1946. 
Abridged. 
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ration to vary, which can occur automatically when 
two or more boilers are operating in parallel. It is 
considered that the time-lag is the time taken for a 
complete traversing of the circulation circuit at a 
given rate of steam discharged from the rising tubes 
into the steam drum. 

A more detailed analysis of the various factors in 
play during the rage ory Fo shown in Fig. 14. This 
analysis is based on the data from boilers in the ship in 
which the results recorded in Fig. 4, page 549, ante, were 
taken. Acomplete cycle of the variations in the various 
factors is shown on a time basis of 220 seconds. Curve 1 
is drawn from the observed records of a typical cycle 
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of the water level as observed in the gauge glass. This 
level is affected by the volume of feed water discharged 
into the boiler, the volume of feed evaporated and 
withdrawn from the boiler water level and the volume 
of steam below the water level. The variations in 
the boiler pressure also affect both the volume of water 
in the boiler and the volume of submerged steam but, 
for the small pressure changes experienced, the volume 
changes are sufficiently smal] to be neglected. The feed 
regulator was designed to give a feed supply substan- 
tially proportional to the change of water level in the 
float box, and the levels and time at which the feed 
regulator was closed and wide open were taken from 
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the known data. On this basis, the varying rate of 
feed supply throughout the cycle was estimated, and 
is shown by curve 2. 

The rate at which the feed enters the circulation 
cireuit is different from the rate at which the feed is 
discharged into the steam drum, and some feed heating 
is probably effected in the steam drum by steam in 
the mixture in the steam drum, the remainder being 
effected in the circulation circuit. The rate of steam 
generation lags behind the rate of feed discharged into 
the steam drum, and varies in magnitude during the 
cycle. It has been assumed that the lag can be esti- 
mated with reasonable accuracy from the points at 
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which the feed regulator is wide open and closed, and 
the points of minimum and maximum water levels as 
recorded in the gauge glass, and that these levels 
correspond in time to the minimum and maximum 
rates of steam generation, the variation between the 
minimum and maximum being assumed to take place 
gradually. 

The total heat supplied to the boiler circulation 
circuit is assumed to have been constant and is divided 
into heat supplied for feed heating and heat supplied 
for steam generation. This division is determined 
relative to time by the rate of steam generation as 
discharged into the steam drum. The proportion of 
the heat absorbed in heating the feed supply to boiling 
point is estimated from curve 2 and is adjusted for the 
time-lag. It is shown by curve 3 in the lower left-hand 
part of Fig. 14. The balance of the heat supplied is 
absorbed in generating steam, the rate of steam genera- 
tion being estimated therefrom and shown by curve 4. 
The lag allowed between the rate of steam generated 
and the rate of feed discharged into the steam drum 
can be seen by comparing curve 4 with curve 2. The 
density of the water in the gauge glass and the feed 
regulator float box was assumed to be 0-835 at all 
loads. The density of the water-steam mixture inside 
the steam drum varies with the rate of steam genera- 
tion ; and the level of the water-steam mixture in the 
steam drum is higher than the water level observed in 
the gauge glass and the water level in the feed regulator 
float box, Curve 5 shows the estimated level of the 
water-steam mixture inside the steam drum. 

From the known dimensions of the drum the volume 
of the mixture is estimated and plotted as curve 6 
in the left-hand top corner. This curve is plotted 
from a datum point A, which co nds to the lowest 
level recorded in the gauge glass with the feed regulator 
wide open. The variation of this volume is affected 
by the volume of feed water discharged into the boiler, 
the volume of feed evaporated and withdrawn from the 
boiler water level, and the volume of submerged steam. 
From curve 2 the volume of the feed water discharged 
into the drum can be estimated, and is plotted as 
curve 7. Over a complete cycle the steam generated 
and withdrawn from the boiler water level must equal 
the feed supplied to the boiler, but the rate at which 
steam is generated and the rate at which steam leaves 
the mixture level vary relatively to each other through- 
out the cycle, with the result that the volume of sub- 
merged steam varies, giving rise to swelling and subsi- 
dence of the mixture level. It is suggested that, for any 
given rate of steam generation, there is associated with 
it a fixed volume of submerged steam, so that the volume 
of the submerged steam varies as the rate of steam 
generation is varied. The variation of the volume of 
the subme steam is a very small proportion of 
volume of steam generated, so that, in estimating the 
volume of the feed water evaporated and drawn off 
from the mixture level, a small error only is involved 
in estimating it from the steam generated, as shown by 
curve 4. On this basis, curve 8 shows the variation in 
volume of the feed water evaporated in the boiler and 
withdrawn from the mixture level. 

From curves 7 and 8, and curve 6, the variation in 
the volume of submerged steam is obtained as shown 
by curve 9, curve 6 being the algebraic sum of curves 
7, 8 and 9. At any given instant, the rate of steam 
generation is equal to the rate at which steam is with- 
drawn from the boiler water level, plus or minus the 
rate at which the volume of submerged steam is 
changing. The heat absorbed in steam generation can 
be subdivided into latent heat in the steam withdrawn 
from the boiler mixture level and the latent heat 
involved in the changing of the volume of the sub- 
merged steam. The proportion of heat involved in the 
changing volume of submerged steam can be seen in 
the lower left-hand part of the diagram, being the 
difference between curve 10 and curve 3. 

The curves in Fig. 14 are considered to be reasonably 
consistent with the observed data and the multiplicity 
of variables involved. The lower left-hand part of 
Fig. 14 illustrates clearly the variation between the 
amount of heat supplied for feed heating throughout a 
eycle as compared with the proportion of the heat 
utilised in the generation of steam. It also shows the 
comparatively small proportion of heat which is 
retained by the submerged steam or released in the 
reduction of the volume of submerged steam. From a 
study of the curves it will be appreciated that, if the 
feed supply is heated to boiling-point before it enters 
the circulation circuit, the whole of the heat trans- 
mitted across the heating surface of the boiler to the 
water in the circulation circuit will be utilised in 
generating steam, so that, for any given rate of fuel 
combustion, there will be a constant rate of steam 
generation with a constant volume of submerged 
steam, and hunting cannot occur. This can be effected 
by heating the feed supply by direct contact with the 
steam above the water level before the feed water 
passes into the circulation circuit. If the feed water 
is at boiling-point when it passes into the circulation 
circuit, then any variation in the rate of feed supply 








cannot alter the rate of steam generation and the 
volume of submerged steam, and the desired steady 
water level will obtain. 

With further reference to Figs. 1 to 3, 549, ante, 
no hunting was experienced with feed distribution as 
shown in Fig, 1, because the feed water was discharged 
into the drum immediately over the fire-row tubes, and 
it is considered that the steam discha from the 
fire-row tubes heated the incoming water close 
enough to boiling-point before the feed water passed 
into the downcomer tubes at the sides of the boiler. In 
the case of Fig. 2, it is probable that, at light loads, the 
entering feed water passed into the downcomer tubes 
without any appreciable feed heating being effected, 
with the result hat | hunting was experienced, but that, 
at heavier loads, the turbulence in the boiler drum was 
cee sufficient to effect heating of the feed water 

ore it passed into the downcomer tubes to such an 
extent as to eliminate hunting. When the augmentor 
was introduced with the internal feed pipes, as shown 
in Fig. 3, the steam discharged from the fire-row tubes 
was constrained to pass directly to the surface of the 
water level in the drum, leaving the water outside the 
augmentor comparatively free of steam, so that little 
or no feed heating was effected in the steam drum 
and more serious hunting was experienced. 

Spraying the water into the steam space of the drum, 
as shown in Fig. 11, page 551, ante, eliminated hunting 
at all loads, but was attended by another trouble. When 
manceuvring, the water level varies appreciably due to 
swelling and subsidence, and this causes the feed regu- 
lator to open and close more sharply than in normal 
steaming, with the consequence that water hammer was 
experienced in the internal feed pipes when the feed 
regulator opened after a previous closure, To eliminate 
this trouble, the arrangement of internal feed-distri- 
buting piping shown in Figs. 15 and 16, opposite, was 


Fig Painter 





























(89209) “ENGINEERING 


developed by the Admiralty Fuel Experimental Station, 
Haslar. This arrangement was fitted on boilers with 
and without augmentors, with entirely satisfactory 
results in al] cases, and practically all Admiralty type 
boilers for naval ships completed during the war were 
fitted with this arrangement. 

Two internal feed pipes a are led below the water 
level in the boiler drum and vertical spray pots 6 are 
connected to these pipes at intervals along the pipes 
to obtain a reasonable distribution of water along the 
length of the drum. At a suitable height in each spray 
pot, perforations ¢ are provided through which the 
feed water is sprayed to the wing of the drum and 
each pot is provided with a hood d to deflect the water 
downwards, thereby minimising any possibility of 
water being carried into the steam outlet with the 
steam. The vertical spray pots are open at their 
upper ends to avoid any possibility of water hammer 
being established. The spraying of the water through 
the perforations is effected by the static head of water 
above the perforations, the limit in the head available 
being the height of the open end of the pot. When 
th e feed regulator closes, the water level in each spray 
pot falls to the level of the lowest row of holes, so that 
the longitudinal feed pipes are maintained full of 
water, and any steam ingress which might give rise to 
water hammer is avoided. The perforations are 
arranged to give a velocity of 4 ft. per second into the 
drum at full power. The full-power water level is 
—. in Fig. 15. 

t is suggested that in a satisfactory arrangement of 
feed-distributing piping the following are the factors 
which require consideration :—({1), the length of the 
water column between the feed check valve and the 
end of the distributing pipe should be as short as 
possible, and the arrangement of the piping should be 
such that the internal pipes remain full of water when 
the feed regulator closes so as to prevent any ingress of 
steam ; and (2), the head across the perforations should 
be adequate to obtain sufficient atomisation to ensure 
that the feed water is raised to boiling-point before it 
enters the circulation circuit. Since this head will vary 
approximately as the square of the flow, the head at 
light loads may not be sufficient to ensure satisfactory 
spraying, and the design should allow for this. 





At the same time that the spraying pote were 
adopted, another feature relating to feed control was 
in boilers fitted with a tors, indicated at e 
in Fig. 15. All British nava] boilers constructed during 
the 1939-45 war, operating at high evaporation rates, 
were fitted with circulation augmentors which, in 
general, form a plate boundary round the banks of 
tubes between the combustion chamber and the 
location of the superheater and extend up to the top 
of the highest point of the heating surface. The 
augmentor isolates the light mixture of steam and 
water discharged from the upstream tubes from the 
remainder of the water in the steam drum, thereb 
reducing the density of the water column against whic 
the upstream tubes discharge, and increasing the devsity 
of the column of water in the downcomer tubes, the 
thermo-syphonic head (which causes circulation in the 
boiler) being thereby increased. 

Fig. 17 shows the arrangement of the augmentor in 
the boiler relative to the heating surface, and indicates 
diagrammatically the levels which prevail inside the 
boiler, it being noted that, in the arrangement of the 
feed regulator and the gauge glasses on the boiler, 
there are six columns of water of differing density to 
consider. There is, further, a weir effect across the 
top of the augmentor which varies with different rates 
of evaporation in the boiler. The density of the water 
enclosed by the augmentor varies considerably between 
no load and the maximum boiler evaporation. This 
variation is made use of in most of the vessels con- 
structed during the 1939-45 war to obtain automatically 
a slight rise in water level in the gauge glass between 
no load and full boiler load. To obtain this, the float 
box water balance pipe is connected to the inside of the 
augmentor. The variation in the total weight of water 
in the boiler during changes in boiler loading is thereby 
reduced and the supervision of the water level by the 
operating personnel facilitated. The no-load water 
level is determined by the position of the float in the 
float box and corresponds to the level at which the 
feed regulator closes. Full-load water level in the 
gauge glasses is determined by the height of the upper 
end of the water balance pipe inside the augmentor. 
The water in the float box and the gauge glass is higher 
in density than the water inside the augmentor, because 
the water in the float box and the gauge glass is free 
from steam. 

Above the top of the water balance pipe there is a 
steam-water mixture of much lighter density, and this 
density decreases approximately in proportion to the 
boilerload. This light column A’ above the end of the 
pipe balances the denser column of water A in the 
float box. The water column C’ in the gauge glass is 
balanced by a lighter column C in the boiler drum, 
outside the augmentor. The column of water B’ 
outside the augmentor plate (measured above the top 
of the plate) is balanced by the column of steam and 
water mixture B inside the augmentor (as measured 
above the top of the augmentor plate); and there is 
also the weir effect across the top of the augmentor 
which varies with the rate of evaporation in the boiler. 
By varying the height of the water balance pipe, for 
the fall in the water level in the regulator float box 
corresponding to the fall of the float between no flow 
and the feed flow for maximum boiler evaporation, the 
water level in the gauge glass can be caused to fall to any 
degree desired, to remain substantially constant, or to 
rise slightly, the latter being the practice which was 
adopted. The actual effect cannot be calculated, and 
has to be determined experimentally for each design 
of boiler. For this purpose the end of the balance pipe 
is made adjustable and its position fixed on trials for 
each design of boiler. For the general run of boilers 
constructed during the 1939-45 war, it can be taken 
that, to increase the water level in the gauge glass at 
full power by 4 in., the top of the water balance pipe 
inside the augmentor must be lowered about 1 in. 





THE CHEMICAL SocrETy.—The 11th Liversidge Lecture 
of the Chemical Society will be delivered by Professor 
H. C. Urey at the Royal Institution, Albemarle-street, 
London, W.1, on Wednesday, December 18, at 7.30 p.m. 
Professor Urey, who is at the Institute of Nuclear 
Studies, University of Chicago, has chosen for his subject 
“Some Problems on the Separation of Isotopes.” 





CHRISTMAS LECTURES ON RarLways.—The Institution 
of Civil Engineers are arranging three Christmas lantern 
lectures for boys on the subject of railways. All the 
lectures will commence at 3 p.m., the first on Monday, 
December 30. The lecturer will be Mr. ©. J. Allen, and 
his subject, “‘ One Hundred Miles an Hour by Train.” 
The second lecture, on Friday, January 3, 1947, will be 
by Mr. L. G. B. Rock and will deal with “ How a Railway 
is Built.”” The third lecture will be delivered on Monday, 
January 6, when Mr. O. 8S. Nock will speak on “‘ How 
Trains are Run.” The lectures are intended for boys 
between 13 and 17 years of age, and tickets, which are 
free, can be obtained from the secretary of the Institu- 
tion, Great George-street, London, 8.W.1, 
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CATALOGUES. 


Welded Work.—A catalogue received from Messrs. 
Robert Jenkins and Oompany, Limited, Rotherham, 
describes the wide range of welded work, both light and 
heavy, undertaken by the firm. 


Grinding Machines.—We have received from The 
Churchill Machine Tool Company, Limited, Broadheath, 
near Manchester, a fully-illustrated catalogue describing 
the firm’s range of heavy plain grinding machines. 


Steel Castings.—Messrs. Hadfields, Limited, East Hecla 
Works, Sheffield, have sent us a catalogue illustratirg the 
type, weight and diversity of the castings they produce in 
various kinds of steel, including corrosion-resisting and 
manganese steel. 


Public-Lighting Systems.—A pamphlet received from 
Messrs. Standard Telephones and Cables, Limited, Con- 
naught House, Aldwych, London, W.C.2, deals with the 
direct-current bias system devised by the firm for the 
control of street-lighting systems. 


Oil Engines for Motor Vehicles—We have received 
from The Associated Equipment Company, Limited, 
Southall, Middlesex, a specification-catalogue of four 
types of their 9-6 litre, six-cylinder direct-injection oil 
engines to be fitted, with one exception, to all the A.E.C. 
passenger and goods vehicles. 


Water Meters.—A fully descriptive and well-illustrated 
catalogue of the Type M mechanical water meters made 
by Messrs. George Kent, Limited, Luton, has reached 
us. The meter has a rotary piston and is designed for 
domestic and trade use in a ber of standard sizes 
wichin a range of } in. and 4 in. 


Steam Turbines.—A well-illustrated booklet giving a 
detailed account of the design and construction of the 
rmaulti-cylinder steam turbines manufactured by Messrs. 
C. A. Parsons and Company, Limited, Heaton Works, 
Newcastle-upon-Tyne, 6, has been received from the 
firm. Single-cylinder steam turbines are dealt with in a 
similar publication. 


Double-Deck ’Bus Chassis.—We have received from 
Messrs. The Associated Equipment Company, Limited, 
Southall, Middlesex, an attractive illustrated booklet 
describing their “‘ Regent ’’ Mark ITI double-deck omni- 
bus chassis. Some 150 ’buses with this design of chassis 
have been operating satisfactorily on London Transport 
routes throughout the war. 


Crane Construction.—We have received from Messrs. 
Clyde Crane and Booth, Limited, the organisation com- 
prising Messrs. Clyde Crane and Engineering Company, 
Mossend, and Messrs. Joseph Booth and Brothers, Rod- 





ley, a publication of an unusual type, its contents con- | 


sisting of a collection of reproductions of nearly 80 photo- 
graphs of plant made by the two firms. 


Steam-Turbine Plant.—A _ well-illustrated pamphlet, 
issued by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, contains a 
list of steam-turbine plant with individual capacities 
of 5,000 kW and over, which have been ordered from 
the firm between 1920 and June, 1946. Details of the 
output, speed, steam conditions, voltage and year of 
completion are given. 


Vertical Steam Engines.—We have received from 
Messrs. Ashworth and Parker, Limited, Riverside 
Works, Bury, an illustrated leaflet giving particulars of 
the enclosed forced-lubrication vertical reciprocating 
steam engines made by the firm, the range covering 
standard types and back-pressure or pass-out engines, 
and variable-speed engines for such purposes as driving 
papermaking machinery. 

Coal-Boring Bits.—A brochure describing and illustrat- 
ing the cemented-carbide tipped coal-boring bits manu- 
factured by Messrs. William Jessop and Sons, Limited, 
Brightside Works, Sheffield, 1, has been received though 
copies are reserved for overseas distribution. Some of 
the types of bit made are formed so that the core is 
deflected and broken into pieces, so reducing head- 
resistance and minimising dust. 


Washer Cutters and Tap Wrenches.—Messrs. James 
Neil and Company (Sheffield), Limited, Napier-street, 
Sheffield, 11, have sent us leaflets describing new addi- 
tions to their “‘ Eclipse” tools. These are, a cutting 
tool which can be used either for cutting holes up to 
5 in. diameter in tanks, etc., or, with two cutters, for 
making metal washers; an improved type of bar cap 
wrench with a fine-thread adjusting screw ; and a chuck- 
type T-headed tap wrench. 


V-Belt Drives.—A 172-page illustrated booklet describ- 
ing the V-belts and equipment manufactured by Messrs. 
J. H. Fenner and Company, Limited, Beck-lane Mills, 
Heckmondwike, has been received from the firm. The 
booklet covers the subject comprehensively, construc- 
tion, selection for a given duty, applications in practice, 
and many other aspects being fully dealt with. Graphs, 
formule and extensive tables are furnished ; other pro- 
ducts, such as V-fiat drives and Platt friction clutches, 
are also described, 
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578,769. De-Icing of Air Comp a t 





Siddeley Motors Limited, of Coventry, T. Clark and W. H. 
Lindsey, of Coventry. (1 Fig.) October 2, 1942 —The 
invention prevents the formation of ice in the com- 
pressor of a jet-propulsion unit for an aircraft when the 
latter is flying at a great height. The compressor con- 
sists of a stationary casing 11 with sets of fixed blades 
and arotary drum 14 with further sets of blades keyed on a 
shaft. The delivery of air from the compressor outlet is 
divided betw a ber of combustion chambers 16. 
The outlets of the latter lead to a turbine 19. Each 
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combustion chamber, near its outlet end, has an opening 
leading to a valve chamber 24 which contains a poppet 
valve 25 closed by a spring. Each poppet valve controls 
the delivery of some of the burning gases from the com- 
bustion chamber to a pipe 27 leading to the compressor 
inlet 30. For controlling the valve, a bell-crank 31 can be 
operated by a rod. An annular pressure-equalising pipe 
33 interconnects the interiors of all the pipes 27. Two 
per cent. of the total burning gases is abstracted, which 
provides ample heat for de-icing purposes. (Sealed). 


FURNACE APPARATUS. 


580,076. Automatic Stoker. R. P. Barker, of Lathom, 
and T. P. Elston, of Ormskirk, Lancashire. (3 Figs.) 
May 1%, 1944.—The stoker is used for firing brick kilns 
and consists of a fuel container 10, and a turntable 11 on 
to which fuel flows from the container by way of a trunk 
12, which tapers downwardly from the lower part of the 
container and terminates in a cylindrical part. The 
turntable is moved by a bevel wheel meshing with a 
toothed ring on the underside of the turntable. Inter- 
mittent motion is given to the bevel wheel by a paw! 
and ratchet mechanism. The trunk has a lateral opening 
23 and a stationary diverter plate extends through this 
opening into the trunk so that, as the table is rotated, 
fuel is diverted through the opening and over the edge 
of the table. After leaving the rotating table the fuel 
passes by way of a fuel chute to the fire. The lower 
edge of the trunk is close to the rotating table. 
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The slight clearance between the lower edge of the trunk 
and the table increases progressively in the direction of 
rotation of che table, so that any fuel tending to jam 
between the table and the lower edge of the trunk will 
find its way clear and pass out of the trunk to be diverted 
by the diverter plate to the fuel chute. A dome at the 
centre of the rotating table stirs the fuel, prevents 
caking in the trunk and ensures a constant flow of 
material through the trunk, The diverter plate extends 


— 


tangentially towards the dome. In operation, a conical 
heap of fuel is maintained at the outlet from the trunk. 
A small spiral heap of fuel which passes between the 
lower edge of the trunk and the table, is continuously 
added to the heap at: the oatlet, which heap flows from 
the table through the fuel chute. The amount of projec. 
tion of the diverted plate through the opening in the 
trunk and the frequency of rotation of the table determine 
the rate of feed of the fuel. (Accedted August 26, 1946.) 


MISCELLANEOUS. 


580,358. Pressure Lamp Pre-Heater. Imber Research, 
Limited, of Greenford, and H. C. Hebard, of Greenford. 
(6 Figs.) March 2, 1945.—The invention is a preheater 
for a pressure lamp. Preheaters suffer from the dis- 
advantage that the flame is extremely unstable and often 
goes out due to the obstruction of the jet through which 
the mixture of fuel and air issues, which is of very smal] 
diameter. A mixing chamber, jet 2, and fuel-supply 
tube 3 are assembled together as a removable unit, which 
is mounted in the upper wall of the reservoir of a pressure 
lamp. Extending through the fuel-supply tube 3 is a rod 5, 
the upper end of which terminates in a conical portion 
which is an accurate fit in the inner coned wall of the 
jet 2, which terminates in an orifice 8. At the extreme 
upper end of the coned portion of the rod 5 is mounted 
a very short length of fine wire which will just pass 
through the orifice 8 so that every time the preheater 
is turned off the wire 9 enters the orifice 8, which is 
thereby automatically cleared from the inside and closed. 
The jet 2 is formed integral with a screw-threaded exten- 
sion, which engages in an outer sleeve 11 and which 
surrounds an inner sleeve 12, which is slightly spaced 
from a tube 13 fixed into the upper end of the fuel 
supply tube 3. The upper end of the tube 13 is bevelled 
at an angle which is the same as the angle of the internal 
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cone of the jet. The diameters of the sleeve 12 and tube 
13 are such that a narrow annular air passage is formed 
between them communicating with an air port 15 above 
the point at which the tube 13 and sleeve 12 are brazed 
together. The tube 13 is slightly spaced from the rod 5 
to form an annular fuel passage. The outer sleeve 11 is 
pressed outwards and is retained in position by a hood 
having a lip 26, which bears on a shoulder on the 
sleeve 11. The hood carries internal rollers, which run 
on inclined cam slots, so that rotation of the hood will 
lower it, together with the outer sleeve 11 and jet 2, so 
that the wire 9 enters the orifice 8. During normal 
running of the burner, the jet 2 is in its lower position 
with the wire 9 closing the orifice 8. When starting up 
the burner, the hood is rotated, so that sleeve 11, inner 
sleeve 12 and jet 2 are all lifted and fuel is forced under 
pressure from within the tube 3 round the rod 5 to the 
space within the jet 2. Air for admixture with the fuel 
enters through the port 15 and passes to the interior of 
the jet. The dimensions of the mixing chamber above 
the jet are such as to cause a drop in pressure sufficient 
to raise enough fuel to maintain combustion. At the 
conclusion of the preheating operation, the hood is rotated 
and causes the jet to descend and the needle to clear and 
closesthe orifice 8. The assembly is inclined so that the 
flame issuing from the mixing chamber is directed on to 
the main vaporiser tube of the burner. (Accepted 
September 4, 1946.) 





THE INSTITUTE OF ECONOMIC ENGINEERING.—The 
General Council of the Institute of Economic Engineering 
and the Executive Committee of the Production Control 
Research Group have now amalgamated. The new body 
is known as the Institute of Economic Engineering 
(Incorporating the Production Control Research Group), 
and the chief office will still be at 28, Victoria-street, 
London, S.W.1. Lord Marley, D.S.C., J.P., D.L., will 
continue to be associated with the new body. Mr. E. 
Barrell, honorary general secretary of the Institute, 
having announced his intention of resigning at the end 
of the year, for business reasons, Mr, W, J, Worsdale is 





taking over this office, 
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REINFORCEMENT OF 
BRANCH PIECES. 
By J. 8. Buatr, B.Sc., M.I.Mech.E. 
(Continued from page 556.) 
Aprenpix I.—Meruop or TestrNo. 


Hydraulic Test.—Practically all the test pieces 
were subjected to an internal hydraulic pres- 
sure, in some cases sufficient to yield or burst 
the test piece and in others, such as the vibration 
and static bending tests, merely as a means of intro- 
ducing suitable stresses due to internal pressure. 
In all cases, the ends of the test pieces were closed, 
either by plates welded in, or by swaging in and 
welding the ends. The pipe through which the 
pressure was applied entered one end of the test 
piece and there was a plugged filling orifice at 
the highest point to avoid entrapping air. Pressure 
was generally applied by means of a hand pump, 
although, in the case of the bursting tests, a hydraulic 
intensifier was used to obtain the higher pressures. 
An indicating or recording pressure gauge (some- 
times more than one) was used to determine the 
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the pa resistance causes the amplitude to 
increase without increase of speed, since the motor 
| Speed is “locked ” at the resonant frequency. In 
| certain cases, however, if a great reduction of series 
resistance is made, the motor may fall out of 
resonance and speed up, with resulting reduced 
amplitude of vibration of the test This, 
however, can be avoided, with care. With this 
resonant arrangement, a comparatively small 
power input will maintain a relatively large deflec- 
tion in a stiff test piece. In the case of the straight 
pipes, by fixing the vibrator to the centre and 
supporting the pipe at suitable points (nodes), the 
vibration may be made completely “ self-contained,” 
that is, no vibration is transmitted to the support 
for the pipe. In the case of the T-pieces, however, 
the vibration is transmitted to the support to which 
the barrel is attached and it is, necessary, therefore, 
for the attachment to be very firm to avoid loose- 
ness occurring during the test. The method used 
was to clamp the branch with U-clamps firmly 
to the test bed, which consisted of two heavy rolled 
joists embedded in concrete. Fig. 90 shows dia- 
grammatically the arrangement for vibration tests, 








and Fig. 91, on page 578, illustrates the vibrator. 





maintain any required deflection, and a glance at the 
indicator will show at any time whether the ampli- 
tude is being maintained constant or whether any 
small adjustment to the controlling resistance is 
necessary. On the whole, the amplitude during 
testing remained reasonably constant, although some 
form of voltage stabiliser would minimise what slight 
variations did occur. 

An automatic pressure switch was arranged to 
cut off the power supply te the motor when the 
pressure inside the test piece fell below a pre- 
determined value. By this arrangement, not only 
was the test terminated as soon as a crack was 
produced, but should any small leakage, such as at 
a valve, occur, the switch prevented the test being 
run under reduced-pressure conditions. Increases 
in pressure are not catered for by this arrangement, 
and these occasionally occurred due to changes in 
temperature during the course of a test run, but 
an occasional glance at the pressure recorded and 
any necessary adjustment was sufficient to maintain 
the required conditions. 

Determination of Yield Point.—In internal pres- 
sure tests and static bending tests, the yield point 
was generally determined in two ways : (2) by means 


Fig. 90, Direction of Vibration - 
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pressu re, and the usual procedure was to pump up by 

hand until the yield point had been exceeded, and 
then to remove the test piece to the hydraulic 
intensifier for the completion of the test. 

Static Bending Tests——The barrel of the 
T-piece was clamped horizontally to a rigid bed 
with the branch pointing vertically upwards. 
This was then pulled horizontally, either in line 
with the barrel or transversely, by means of a 
screw gear operating through a spring balance for 
measuring the pull. The deflection was measured 
by a dial gauge attached to a rigid support at the 
same level as that at which the pull was applied, 
as shown diagrammatically in Fig. 89, herewith. 

Vibration T est.—This was carried out with the test 
piece set up in the same manner as for the static 
bending test, but with a vibrator attached to the 
top of the branch so as to cause it to vibrate back- 
wards and forwards either in line with or trans- 
versely to the barrel. The vibrator consists of two 
eccentric weights rotated through a flexible coupling 
by means of a small electric motor, belt drive and 
pulleys providing coarse speed variation. The 
motor is of the universal wound type and operates 
from alternating current through a series resistance. 
As this contro! resistance is gradually reduced, the 
motor speeds up and the amplitude of the vibration 
increases until it suddenly becomes comparatively 
large as resonance occurs. Further reduction of 





The determination of vibration frequency can be 
done, of course, by means of a tachometer attached 
to the vibrator shaft, or, as was more usual in the 
case of these tests, by means of a stroboscope 
(Ashdown Rotoscope) by the adjustment of which 
the vibration could be made to appear stationary 
and the corresponding frequency read off from the 
instrument. The use of this device also enables the 
vibration to be studied in “ slow motion.” 

The amplitude of vibration is determined by 
means of an optical device specially developed for 
this purpose, consisting of a card on which two lines 
are arranged in a V form on a background of equally 
spaced horizontal lines (Fig. 92, page 578). The 
vibration takes place in the direction of the horizon- 
tal lines and its apparent effect, therefore, is only to 
lengthen these lines slightly. On the other hand, 
since the V lines move transversely to their length, 
they are drawn out into a broad band having rela- 
tively well defined sides but a smudgy centre, as 
shown in Fig. 93, page 578, and it will be seen that 
there is an apparent new crossing point at some dis- 
tance above the vertex of the V. This point appar- 
ently moves up and down across the horizontal 
lines, depending upon the amplitude of the vibra- 
tion, and by suitable spacing of the horizontal 
lines, the amplitude can be read off by noting the 
position of the crossing point relative to these 





lines. 
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of resin, the test piece being covered all over with a 
thin coating of resin applied hot, t.e., without solvent, 
this resin showing clearly the Liiders’ lines, which 
are produced in the underlying metal as soon a 

the yield point has been passed ; and (b) by means 
of load/deflection curves. The latter method was 
used more particularly in connection with the static 
bending tests, where the property to be determined 
was not the yield point, but the proportional limit, 
which shows up on the load/deflection curves more 
clearly and somewhat earlier than ‘the yield point 
shown by the appearance of Liiders’ lines in the 
resin. The resin method, however, is particularly 
useful in the case of test pieces of complicated 
shape, such as these, since any method of utilising 
dial gauges or other indicators of movement of the 
surface of the test piece would involve a very large 
number of them, and even then the critical points 
on the surface might be missed. A complete coating 
of resin, such as is used here, clearly indicates the 
points most highly stressed and also shows the way 
in which the yield occurs progressively over the 
various parts of the test piece. In the case of the 
internal hydraulic-pressure tests, a supplementary 
check is available from the halting of the pressure 
gauge finger as yielding takes place, but it is gener- 
ally found that resin is the most sensitive indicator 
since the first signs of yielding are shown by it 


In practice, it is a very simple matter to | before definite halting of the finger takes place. In 
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addition, the type of Liiders’ lines produced give an 
indication of the type and distribution of stress in 
the material, and indicate by their shape whether 
the test piece is adequately reinforced. 

In general, there was no need for extreme accuracy 
in any of the tests since the tubes from which the 
test pieces were made are subject to the usual 
commercial tolerances and the values taken for 
the dimensions, physical properties, etc., are at 
best only approximate. The errors, however, 
certainly do not exceed the following values, and, 
in most cases, would not be more than half the 
values given: pressure in internal pressure tests, 
+2 per cent.; pressures in external forces tests 
(applied over a long time), + 5 per cent.; loading 
in static bending, +1 per cent.; deflection in 
static bending, + 2 per cent.; amplitude of vibra- 
tion (over the whole period of a test), + 5 per cent. 


APPENDIX IJ.—STRENGTH oF HorsESHOES 
AND RInGs. 


The numerous theoretical formule dealing with 
the strength of curved beams and rings do not show 


any general agreement as to the correct method of | 


calculating the stresses. It was decided, therefore, 
to carry out some tests to determine the actual 
strength of horseshoes and rings of approximately 
the size used for these triform reinforcements. 
Details of the dimensions of these horseshoes and 
rings are given in Table [X, opposite, together with 
the results of the tests, which were carried out in a 
tensile testing machine, the load being applied as a 
concentrated load at the ends of the horseshoes, 
and across the diameters of the rings by means of 
bars welded to either side of the ring. (It should 
be noted that the ring is continuous and the bar 
welded to it.) The yield point was determined 
by the use of dividers to show the first sign of 
permanent set, and by noting the first appearance 
of Liiders’ lines in the resin with which the speci- 
mens were coated ; this latter method was the more 
reliable, the use of dividers, in fact, being discarded 
after a few tests. Actual fracture of the horse- 
shoes did not occur, as they merely pulled straight 
under the increasing load, and eventually tended 
to slip out of the grips. Fracture of the rings, how- 
ever, occasionally occurred when the load was 
sufficiently high. In addition to the plain rings 
and horseshoes, a composite triform arrangement of 
horseshoes was tested. 

In the case of rings, the first lines usually appeared 
at points A and B in line with the pull, see Fig. 94, 
and immediately afterwards at the point D on the 
inside of the ring at right-angles to the pull. Ap- 
preciably later, Liiders’ lines appeared at point C 
on the outside at right-angles to the pull. Fig. 95 
shows a horseshoe under test, with Liiders’ lines 
on the inside and outside surface. Fig. 96 shows 
a ring after yielding, the resin having flaked off at 
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the points A, B, C and D (Fig. 94), but still adhering 
along the neutral axis. In some cases, the final load 
shown for the rings represents the load at which they 
broke, usually near point A; in others, marked un- 
broken, it merely represents the load at which the 
test was stopped. Fig. 97 shows the triform test 
piece undergoing test. Yielding has occurred near 
the line of pull, and also at right angles to it, failure 
eventually occurring by breaking of the bar to 
which the horse-shoes were welded. The results 
of these tests are shown plotted in Figs. 98 and 99, 
opposite, together with the calculated values from 
various theoretical formuls, and it will be seen that 
the actual strength is considerably greater than 
would be expected from even the most optimistic of 
the theories. 





In view of this discrepancy, it was decided that 
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Fig. 97. Trirorm Test Prece Unper Test. 


the simplest method of dealing with the matter 
would be to use an empirical coefficient in conjunc- 
tion with one of the theories, and it will be seen 
from the graphs that, in the case of horseshoes, 
the results are nearest to those given by the simple 
bending theory. On the other hand, direct stresses 
ought to be taken into account and it is suggested 
that, as an empirical formula for the strength of 
horseshoes, the simple bending plus direct-stress 
theory should be used with a suitable empirical 
coefficient. This coefficient, in the case of single 
horseshoes, is 1-7. Other reasons for using this 
theory as a basis are that the more complicated 
theories assume an appreciable shift of the neutral 
axis, whereas the resin remaining on the test pieces, 
after considerable deflection, indicated that the 
neutral axis remained approximately central. 
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Yield Point Load . 
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Ratio of Width to Thickness... % 
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TABLE IX.—SrrenetH OF HORSESHOES AND RINGs. 


All horseshoes and rings, j-in. thick x 34 in. internal radius unless otherwise stated. Allloadsin tons. Yield point of material, 
16-2 tons per square inch. ° 
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| Load Giving | 












































| | | w | Yield Point Luders Lines at 
Test No.| Horseshoe or Ring. | Width w. | 7 Ratio. H Loads b lst | Final Load, etc. 
| } Liders’ Lines. | Pt. D. Pt. C. 
i j i | | | (Fig. 94). | (Fig. 94). | 
| In. | | 
1 | Horseshoe (semi- \ 5-5 _ — | 10 unbroken 
| circular) \ 2t 3:1 j | 
| ” ” \J t | 3-8 = | — | 11-5 
3s | “ a? " ; 54 7S oe: 
he re ee des + #8 {| 5-9 — | —< 11 ie © 
biK77 ; 8-2 —- | — 12-0 
¢ | ;- 7s | sa {| 10-0 — | = 5), 
7 | Ring. | 17-5 -_ = -5 brok 
ej. |) 7 © ft s: { 18-0 18-0 | 20-0 31.6 unbroken 
9 | 26-0 —. | 285 51-4 brok 
os, "eet yet I} : | nas. { 28-5 s | 34-0 35-0 unbroken 
1 | = gwen 35-0 : : : 
r +) ee Bk | ee 33 | $3 | Sse. 
dis be To 7 
13 | 8 shoes (2 elliptical | {> Shit Ta 40-0 | — | 50-0 | ° 58-5 bar broke 
Also, the coefficient would require to vary with the| Simple horseshoe 
. ratio if the more complex theories were used as a W,= — £ 
basis. . A + Z 
In the case of rings, it will be seen that the results Ring. 
are nearer to those obtained by the more complex 2-4f 
theories, but, in view of the decision to use the W; = 7 zr 
simple bending plus direct-stress theory with horse- —— + — 
shoes, it is thought advisable to retain this theory 2A 9% 
as @ basis in the case of rings also. In this case,| Two or more horseshoes joined together. 
the empirical coefficient is 2-4. These tests also 2-2 (W,+ W,+ W,) 
show that the effect of joining two horseshoes ee: 
together is to increase the strength of each approxi-| 2 horseshoe when joined to others. 
mately 2-2 times. The result of the above test, w= 24s 
therefore, gives the following formul for calculating tea 
the strength of both separate and joined horseshoes. AtZ 
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As”a check on these last formulz, the calculated 
yield load of the three horseshoe arrangement should 
be 40-6 tons, the actual test value being 40 tons. 
Also, as a further indication of the reliability of 
these empirical formule it should be noted that all 
the reinforcements designed by means of them have 
behaved substantially as expected. These empirical 
formule, strictly speaking, apply only to the sizes 
of horseshoes tested here, but it is probable that 
they are reasonably accurate at least over the range 
from shoes one third as large to three times as 


large, and with ‘; ratios from 2 to 8. Outside these 


limits, it is probably advisable to make the horse- 
shoes slightly stronger than the calculated values. 


ApprenpDix III.—Dersien or TRIFORM 
REINFORCEMENT. 


To design a triform reinforcement, it is neces- 
to determine (a) the yield point of the 
material of the branch, and of the reinforcement ; 
(b) the internal pressure (P,) to yield the equivalent 
straight pipe; (c) the P.S.R. of the unreinforced 
branch; (d) the load (W) to be carried by the 
horseshoes; (e) the internal radius (X) of the 
effective horseshoes; and (f) the thickness (¢) and 
radial width (w) of the horseshoes. These are 
dealt with separately below. 

(a) The yield point of the branch and reinforce- 
ment material may require to be determined speci- 
ally, but, if this is not done and the material is the 
usual low-tensile mild steel, it may be taken that 
the yield point for the tube is 18 tons per square 
inch, and that of the plate used for the reinforce- 
ment, 15 tons per square inch. 

(b) The relationship between pressure and stress 


BIT we7 ie 


taken as equal to 18 tons per square inch, the 


is given by Barlow’s formula P = > 
internal pressure which would be required to yield 





80,600 T 
- Ib. 
D 





the equivalent straight pipe is P, = 


per square inch. For full reinforcement of a specific 
branch piece, the value of T in the above formula 
should be the actual thickness of the branch piece, 
but for general design purposes T should be taken 
as the design thickness. 

(c) The P.S.R. of an unreinforced branch piece is : 

Sy = 1— B(1 — 0-7sina) 
and can be determined directly or from the graph, 
Fig. 100. In the case of Y-pieces, the P.S.R. is 
given by :— 
1—0-3B 
a lene am 
m a 

cosec ia toot 
the solution of which is shown graphically in Fig. 101. 
In general, for any branch piece, Y-piece, sweep, 
etc., the P.S.R. can be taken as that of the corre- 
sponding 90-deg. branch multiplied by the ratio of 
the rectangular area of the 90-deg. branch to the 
actual unsupported area. In certain complicated 
cases, these areas may require to be determined by 
drawing. 

(d) The total load to be carried by the horseshoes 
is obtained from :— 

.  Pydd’(1—8) 

W= 3340 tons 

and the load carried by each horseshoe should be 
one-third of this, or one nth in cases where there 
are m shoes. The above allows for no additional 
strength for special cases and, as previously men- 
tioned, this load can be increased to any required 
amount if it is ’ 

(e) Before a horseshoe can be designed to sustain 
this load, it is necessary to know the distance “ X ” 
from the point of intersection of the horseshoe to 
the inside wall of the pipe (see Figs. 102 to 104, 
opposite). In complicated and special cases this 
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d Bore of Branch 
RatioB- ore of Barrel 


must be obtained by drawing, after trying various | 
dispositions of the shoes, but, for straightforward | 
branch pieces and Y-pieces, X can be calculated | 
from the following, the suffixes A, C and B referring | 
to the two crotch shoes and the barrel shoe, respec- 








tively. For a branch piece, o- 
xX, = X,= — Bd - (3943.) Angle of Branch,a-Degrees 
2 sin cos - 
2 
and | 
‘ Bd 
Xe=4—-3q + cos a)’ 


These values are shown graphically in Figs. 105 and 
106. For a Y-piece, 


4 (cosee 5 — $ cot 3) + d 


8 (cosecS — cot 3) 
the solution is shown graphically in Fig. 101. 

(f) The remaining dimensions of the horseshoes 
are, of course, the width across the open end (which 
depends on the diameter of the barrel and generally 
should be determined by drawing), the thickness () 
and radial width (w). The effective radial width 
isb = w+ T, i.e., the actual radial width plus the 
thickness of the barrel. The empirical equation for 
the strength of the horseshoes is :— 

3-74 fy 
| 
AS 

Taking the yield stress as 15 tons per square inch, 

this becomes 


xX 








W, = 


56 
1 R’ 
A;.Z% 
where A = bt = cross-sectional area; b=w-+T 
= radial width of shoe -+ thickness of barrel ; 


w= 





X+5 bt 
R= =" = effective bending arm; Z= or 
bending modulus. 
Thus, from the above :— 
t 4643X 
Ww 5667 ° 


By trial and error, suitable values of b and ¢ can 
be chosen to give the required value of W, and 
the ratio of b to t should lie within the limits of 
2 to 8, preferably having the higher values. As a 


| 


PSR.Gy)or} 









4(cosec $ - 4 cot £) +1 





~ 8(cosec = - 4 cot $) 


| 
| 
(8943.m.) 
guide in choosing suitable values of t, it is suggested 
that, in general, ¢ should be approximately 1-5 
times the thickness of the branch. The actual 
radial width w is obtained from w=6—T. Fig. 
| 107, page 588, simplifies the solution of the above 
| equation and enables the size of a horseshoe of given 
strength to be obtained, while Fig. 108 allows the 
strength of a given horseshoe to be determined. Hav- 
ing thus found the principal dimensions for the horse- 
shoes, the details of the requisite size of junction 
piece and any special points regarding the shape of 








Included Angle of Y Piece, 
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the inside of the shoes to fit the curved surface of 
the pipe are best obtained by drawing. 

The above could be combined into a single 
formula to give directly the thickness and other 
dimensions of the shoes, but such a formula would be 
difficult to evaluate and the step by step method is 
by far the most satisfactory one, particularly when 
used in conjunction with the graphs provided. 

Points Reyuiring Special Attention—Where two 
or more branch pieces arise on opposite sides of the 
barrel, the load to be sustained by the reinforcement 
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is the sum of the load for each branch separately, 
i.e., the P.S.R. value if each branch existed alone 
should first be determined and the load on the horse- 
shoe corresponding to this evaluated for each case, 
and then added together. Generally, this will 
involve the use of m horseshoes, so that each must 


carry = of the total load. 


Since the angle at which a swept branch enters a 
main is indefinite, the most suitable method of 
determining the P.S.R. of such a sweep is to use the 
relative area method. 

Since 6 and ¢ can have various related values, to 
provide any given strength of horseshoe it is 
necessary to assume one of them. If it is more con- 
venient to choose the value of 6, for example, to 
avoid having to solve a quadratic equation, a first 
approximation to 6 can be obtained by making it 
equal to rd If ¢ is the more convenient, a suitable 
first assumption is 14 x the thickness of the thinnest 
branch. In any case, the value of the ° ratio will 
require to be watched so that it does not exceed 8, 
and in this connection it is advisable always to start 
by calculating the size of the shoe having the smal- 
lest X, value, since once the value of 6 has been 
determined for this shoe, it will be retained for the 
other shoes, with the result that their thickness will 
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require to be increased where the X values are 
greater, and there will then be no danger of exceed- 
ing the permitted . ratio. 

If the strength of the strongest horseshoe is 
greater than 10 per cent. more than that of the 
weakest, the total effective strength should be taken 
as half-way between three times that of the weakest 
shoe and the sum of the strength of the three horse- 
shoes. In cases where the difference between the 
strength of the shoes is less than 10 per cent., the 
sum of the individual strengths will be a sufficiently 
accurate value for the effective strength of the three 
when joined together. 

(To be continued.) 





THe CoMPANY OF SHIPWRIGHTS’ EXHIBITION.—The 
Worshipful Company of Shipwrights’ Exhibition will be 
held at the Royal Horticultural Hall, London, S.W.1, 
from January 28 to February 8, 1947. One of the two 
separate halls available will be known as the “ Ship- 
builders’ Hall” and the other as the “ Shipowners’ 
Hall.” In the first, British shipbuilders will be repre- 
sented, together with firms showing turbines, Diesel 
engines, propellers and other products. In the Ship- 
owners’ Hall will be shown typical examples of the craft 
operating the various trade routes and other models and 
displays. Further particulars are obtainable from the 








chairman, Exhibition Committee, Worshipful Company of 
Shipwrights, 3, Lloyd’s-avenue, London, E.C.3. 
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Annual Report (Technical) of the Central Board of Irriga- 
tion, India, 1945. Edited by N. D. GuLHaTI, Secretary. 
Offices of the Board, Simla, India, 

RaPimpity on the heels of the 1944 Report, which 

was reviewed on page 482, ante, comes the next 

issue. At the 16th meeting of the Board, on 

November 26, 1945, the session was opened by 

the Viceroy. A remark made by Lord Wavell on 

that occasion is worth quoting: “‘Few people 
probably realise that the irrigated area in India— 

70 million acres—is more than three times that of 

the United States, the next most irrigated country, 

and more than the whole combined total of the 
next ten countries with most irrigation—the 

United States, Russia, Mexico, Japan, Egypt, 

Italy, Spain, France, Chile and Java. I am told 

that Indian canals, if placed in one line, would be 

sufficient to go three times round the world.” The 
figure of 70 million acres represents an area appre- 
ciably more than that of Great Britain. 

The programme for 1945 resembles those of pre- 
vious years, dealing with actual river works, projects, 
model investigations, and analytical studies.. Two 
of the most important papers printed are those of 
Gerald Lacey on “ Scour at Barrages,” and A. R. 
Thomas (the secretary to the Board) on “ Slope 
Formulas for Rivers and Canals.” The latter is an 
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attempt to co-ordinate the whole question of velocity 
formule. The general conclusions reached aré that 
rigid channels with clear flow, rigid channels with 
sediment transport, and erodible channels with 
sediment transport require separate treatment. For 
the last of the three, it is indicated that the char- 
acter and quantity of the load enter into the 
question, but, “‘until a more correct formula is 
derived, the use of the Manning or Barnes formulas 
is recommended, the latter having the advantage 
that known values of Kutter’s » can be used in it 
with no material loss of accuracy.”” In rigid channels 
the presence of silt introduces ambiguities. In all 
cases where sediment is involved further investiga- 
tion is necessary. The re-examination of the Buck- 
ley effect is noteworthy ; no serious dissent to the 
Lacey ‘‘regime” formula is indicated, but his 
outright confirmation of the Lea three-quarters 
power of the hydraulic radius is not fully en- 
dorsed. 

A point that arises in connection with this sort 
of investigation is how far complete success can be 
relied on when the absolute validity of exponential 
formula is assumed. Just as, in the theory of 
probability, it has been said by mathematicians 
that statistics have proved it and by statisticians 
that mathematics has proved it, so there is a 
tendency for engineers to assume that the mathe- 
matical theory of dimensions has proved the validity 
of exponential formule and for mathematicians 
to assume that engineers and physicists have 
established their practical truth. The brutal fact, 
of course, is that exponential formule are easy to 
handle and are certainly applicable, with a margin 
of uncertainty, over rather wide of data ; 
but there is no necessity for them to be real natural 
laws of precise accuracy, such as Newton’s law of 
gravity is in all except cases of extreme velocity. 
This is the objection to formulz which have minutely 
specified decimal exponents, suggesting scrupulous 
accuracy. It would be of great practical interest if 
some mathematician would develop in detail the 
effects of small variations of exponents on percentage 
variation of the functions represented as compared 
with series of the type az + bz* +-cz* . . . ete. 

It would be quite misleading to suppose from the 
above comments, that this report is excessively 
academic. or theoretical in character; there are 
many practical papers and discussions which will 
be of great interest to engineers who Have no use for 
mathematics. The soil mechanics side is also develop- 
ing rapidly, both with regard to models for seepage 
investigations, and the practical control of soils by 
compaction, etc. An interesting discussion on the 
definition of “‘ regime” did not come to any final 
conclusion but discrimination between long-term 
stability and temporary balance of scour and silt 
was emphasised. There is a useful note by Sir 
Claude Inglis and Rao Bagadur D. V. Joglekar on 
maximum depth of scour at pier heads, illustrated by 
about 30 actual instances. Canal falls are dealt with 
by K. M. Bhatia. There are several papers on 
precipitation (glacier, snow, and rain effects) in 
India. Staunching, regeneration and absorption 
of canals, tube wells, dams, sampling of bed and 
suspended loads, discharge measurements, design of 
distributing heads, silt excluders and ejectors, and 
several other subjects receive their mede of atten- 
tion.- Rai Bahadur Khosla indicated several possi- 
bilities aggregating over a million horse-power of 
water power. No indication seems to have been 
given of the limit of distance to which power could 
be economieally transmitted in the various schemes. 
This is a very important point, since, in a country 
so vast as India, it could easily happen that no very 
efficient use could be made of power, in certain 
remote parts. On the other hand, with such a 
teeming population, it is difficult to question the 
ultimate advantages of providing electric power in 
almost any area. There are, however, many popular 
misconceptions as to the extent and possibilities of 
water power. With good coal-burning plant, a 
horse-power year is about equivalent to 4 tons of 
coal. (The water-power resources of Great Britain 


are, perhaps, as much as 2,500,000 h.p., so that only 
ten million tons of coal per annum could be replaced 
or supplemented by water power.) The consump- 
tion of coal in its own transport is small compared 





GERMAN ELECTRICITY SUPPLY IN 
WAR TIME: 


_ Deraits the position of electricity supply 
in Germany during the war are given in a report by 
Mr. H. Neubrunn, of the Control Office for Germany 
and Austria, to the British Intelligence Objectives 
Sub-Committee, which has been published by H.M. 
Stationery Office at the price of 12s. net. 

The report, which is on statements by high- 
ranking German officials and on information extracted 
from documents made available by them, is confined 
to the electricity supply situation in Germany from 
1938 to 1945. When Germany entered the war in 
1939, her electric power resources were already heavily 
strained ; and the overall plant utilisation, as expressed 
by the plant factor, was probably among the highest 
ever reached in any country. (It is explained that 
the plant factor is based on the output capacity, not on 
the installed capacity, the former aie efined as the 
maximum load at which a given power station can 
be operated. It is limited by the “smallest cross 
section ” in the energy flow, which may be the boiler 
capacity, cooling-water supply or other feature). The 
main causes of this condition were the large ex ion 
of generating capacity which took place under the 
influence of international finance in 1924, combined with 
the subsequent slump. In consequence, little generating 
plant had been added since 1930. Political influences 
also played a part, as is shown by the fact that when 
the quota system for steel was introduced in 1937 the 
electricity supply industry was at first refused an 
allocation. 

During the war, on the other hand, the new capacity 
installed in public stations in Greater Germany* 
averaged 750 MW perannum. This increase, however, 
fell short of requirements owing to the rapid rise 
in consumption, the deterioration of the older plant 
and the unexpected low efficiency of the new stations. 
War damage and shortage of coal also played a part 
from the second half of 1944 onwards. In fact, although 
730 MW of new generating plant was installed in public 
stations during 1941, the total output capacity only 
increased by 280 MW. The co ing figures for 
plant installed in industrial stations were 696 MW 
and 368 MW. In the same year, of the total capacity 
installed in public stations, 16-3 per cent. could not 
be operated, the corresponding figure for industrial 
stations being 27-3 per cent. This was due mainly 
to shortage of boiler plant. 

The number, output capacity and annual output of 
the generating stations in Greater Germany in 1941 
are given in Table I. Of the total output capacity, 


TABLE I.—Number, Output Capacity and Annual Output 
of Generating Stations in Greater Germany in 1941. 














sCapectt “7 Output Annaal 
Group. Capacity. Output. 
Capacity 
Group. 
rT P Gent. | Miltion | Gent 
. er , nt. ion | Cent. 
No. |cent.| MW- | “or | kwh. | of 
Total. Total. 
Under 1,001 | 6,970 78-4 1,226 6-4 | 2,373 3-0 
1,001 to 5,000} 1,097 12-3 | 1,716 8-9 | 5,064 6-4 
5,001 to 
10,000 320 3-6 | 1,427 7-4 | 5,045 6-3 
10,001 to 
50,000 362 4-1 | 4,775 24-5 | 10,002 | 24-0 
50,001 to 
100,000 85 1-0 | 3,680 19-1 | 14,864 18°6 
Over 100,000 54 0-6 | 6,536 33-7 | 33,271 41-7 
Total 8,888 |100-0 | 19,360 [100-0 | 79,709 [100-0 























8,443 MW were installed in 6,802 industrial stationst 
and 10,917 MW in 1,086 public stations. The output 
from the public stations was 45,029 million kWh, 
compared with 34,680 million kWh from the industrial 
stations. As rds the sources of energy used in 
electricity production in Greater Germany m 1941, 
40 per cent. of the output was generated from ha 
coal, 38-7 per cent. from brown coal, either in the raw 
state or in the form of briquettes or coke, 14-9 per cent. 
from water power, 5-5 per cent. from gas, and the 
remainder from oil, peat and miscellaneous fuel. In 
this connection, it is interesting to record that the 
proportion of the total output which was derived 
from hard coal rose from 38-5 per cent. in 1934 to 
50-3 per cent. in 1943. This was partly due to the 
increased utilisation of the existing hard coal stations, 
which resulted from the general plant shortage. 

Until about 1941 the uction of electricity was 
governed mainly by the demand. Subsequently, 
however, demand outstripped output capacity, owing 


* Including Austria, Danzig, Memel, Polish Upper 
Silesia, the Warthegau, (Western Poland) and the 
Sudetenland. e 








with the line-loss of electric power. 
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to the increased industrial activity. Consumption was 
therefore, limited, especially in the winter, by the avail. 
ability of supplies. This is illustrated by pointing oyt 
that while in 1933 the annual peak load on the public 
system was equal to 62-3 per cent. of the output capa. 
city, in 1941 it had risen to 95-7 per cent., and in the 
winter of 1942-43 a load of 355 had to be shed 
in order to meet the peak with a marginal reserve of 
3 per cent. 

1941, the total electricity consumption in Greater 
Germany amounted to 75,123 million kWh, of which 
57-4 per cent. was obtained from public, and the 
remainder from industrial, power stations. Of the 
total consumption, industry accounted for 83-5 per 
cent., of which 53 per cent. was supplied from public 
and 47 per cent. from industrial stations. The domestic 
and agricultural consumptions were practically exclu. 
sively supplied from the public system and accounted 
for 11-3 per cent. and 2 per cent. of the total consump. 
tion, respectively. In 1942, the proportion of the 
total consumption accounted for by industry rose to 
84-5 per cent. 

Discussing the measures adopted to reconcile generat- 
ing capacity and load, the report points out that it was 
not until 1939 that an Act was passed designating elec. 
tricity supply as an industry essential to the war effort ; 
and thus putting it in a position where the supply 
undertakings could be compelled by the State to build 
new plant. Even after this, however, there was no 
central planning of extensions, either to generating plant 
or to the grid. For instance, the so-called rush pro. 
gramme (Schnellplan) of 1939, provided for the installa- 
tion of 1,500 MW of plant, of which 800 MW to 1,000 
MW was to be in public stations and 500 MW to 
700 MW in industria] stations. It was also estimated 
that from 2,000 MW to 2,500 MW would be required 
each year from 1939 to 1943, but that the capacity 
of the turbine manufacturers would not be sufficient 
to meet the higher figures. It was soon realised, 
however, that even the lower figures were unattainable, 
and the whole plan was dropped. 

In 1941, it was estimated that the power consump- 
tion of a victorious Germany would increase by 
8 per cent. per annum, and that a single addition of 
2,000 MW would, therefore, be required to form a 
reserve of generating plant. A further 400 MW per 
annum was also estimated to be necessary for replace- 
ments, the assumption being that stations connected 
to the grid could be operated at a plant factor of 60 per 
cent. First priority in this scheme was given to the 
development of water power flow stations with a total 
capacity of 1,350 MW and an annual output of 7,300 
million kWh, and of storage stations with a total 
ee of 1,050 MW and an annual output of 2,300 
million kWh. The remaining power requirements were 
to be met from new thermal stations with a total 
capacity of 12,500 MW, which were to be completed by 
1950. This programme would have required 5-8 
million tons of steel and 164 million man-days of labour 
on the sites. 

Real planning on a national scale began with the 
appointment of Dr. Todt as general inspector for water 
and power, and by January, 1943, 39 water-power 
stations, most of which were situated in Austria, 
were under construction. Of these, 29 were flow 
stations with a total capacity of about 760 MW and an 
estimated annual output of 4,000 million kWh, and 
ten were storage stations, with a total capacity of 
931 MW and an estimated annual output of 1,600 
million kWh, giving a total capacity under construction 
of 1,700 MW, with an estimated annual output of 5,600 
million kWh. It was intended that all this plant 
should be completed by the end of 1945. It was also 
intended to begin construction of water-power stations 
with a capacity of 824 MW, and an annual output of 
2,600 million kWh, in 1943. Of this, 205 MW, with an 
annual output of 190 million kWh, was to be in flow 
stations, and was to be completed in 1944, and 290 MW, 
with an annual output of 1,753 million kWh, was also 
to be in flow stations and was to be completed in 1945. 
An unspecified capacity in storage stations was also 
provided for. re mon however, lagged behind expect- 
‘ations, owing to shortage both of material and labour. 
This delay, combined with the increasing demand, led 
to the decision to discontinue the long-term projects 
and to concentrate on those low-head flow stations 
which were situated where their output could be 
utilised easily. 

This decision, together with the deterioration of 
existing thermal plant, again brought the building of 
thermal] stations into the forefront of official planning. 
In January, 1943, plant of this type under construction 
or planned amounted to 5,000 MW, of which, however, 
only 2,400 MW was considered essential for the war 
effort. It was intended that this should be completed 
by the end of 1945, To deal with the rapidly expanding 
consumption, there was, therefore, a decreasing volume 
of thermal plant under construction, the main reason 
for which was lack of material and labour. There 
was also a large proportion of water-power plant 
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long time to complete, even under the most favourable 
conditions. In August, 1942, the immediate construc- 
tion of ten standard thermal stations with individual 
capacities of 300 MW was therefore approyed. It was 
hoped that each of these would be completed in nine 
or ten months, but this was not achieved. In fact, 
again owing to difficulties over the supply of steel, 
work was only begun on five out of the ten stations. 
On the other hand, more progress was made with 
another group of five stations with a total capacity of 
970 MW, the last of which was planned to be completed 
by January, 1946. In spite of all these difficulties, 
considerable new plant was, however, put into com- 
mission each year, the amounts being 1,300 MW and 
1,426 MW in 1940 and 1941, respectively. In 1942, 
the capacity of the public stations was increased by 
900 MW, and in 1943 by 850 MW, but the corresponding 
amounts for the industrial stations are not known. 
In 1944, an aggregate addition of 963 MW was made, 
all of which, except 88 MW, was in public stations. 
In fact, after 1941, the building of industria] stations 
decreased. Towards the end of the war, about 40 
stations were under construction or were being ex- 
tended. In this connection, it is pointed out that the 
manufacturing capacity of the German electrical indus- 
try was about 1,800 MW of thermal and water-power 
plant perannum. The main bottleneck during the war 
in the building of thermal stations was the forged 
rotor shafts for the turbines, as these could only be 
manufactured in a small number of works, which were 
fully occupied with armaments production. 

In spite of the efforts to overcome shortage of gener- 
ating plant, to increase imports, and to ereet new trans- 
mission lines which would make available to the grid all 
generating plant not fully utilised, the gap between 
available plant capacity and winter demand increased 
steadily. At first, no restrictions on consumption were 
introduced, partly owing to the successful work of the 
“power wardens,” who were appointed to reduce 
both consumption and peak load, and partly as the 
result of a general power saving campai The 
first very serious power chestna Wa not, therefore, 
occur until the winter of 1943-44, when nearly 1,000 
MW of water-power plant had to be shut down owing 
to drought. As a result, a shedding plan, which had 
been prepared in anticipation of Allied bombing, 
was put into force,during specified hours and on 
specified days of the week by individual industries. 
In addition, general restrictions were imposed during 
the winter months of 1943-44 and 1944-45 on all 
consumers using more than 10,000 kWh a month. 
These methods of imposing restrictions suffered under 
the disadvantages that the first applied only to rae 
consumers, the second could not be applied effectively 
to medium consumers, and small consumers were 
left entirely free. Supply and demand could not 
therefore be reconciled and frequency reduction had 
to be adopted. As a result, the frequency on occasion 
fell as low as 41 cycles per second, with consequent diffi- 
culties for the consumers. A major breakdown of the 
system, however, was prevented. 

Turning to the grid, it is pointed out in the report 
that the existing high-voltage transmission system in 
Germany has grown out of a large number of individual 
systems, each of which was controlled by a different 
electricity supply undertaking. The interconnection 
of these systems was encouraged by the government 
when the reserves of generating capacity began to 
dwindle. The extensions during the pre-war years 
were therefore mainly of that character, and were 
operated at 110 kV or lower voltages. This develop- 
ment was carried so far that where a detailed survey 
was made at the end of 1942 it was found that in the 
whole of Greater Germany only 170 MW of spare 
capacity in industrial stations had not been 
to the grid. Of this, moreover, only 80 MW could be 
o ted for fi ial reasons. 

It was realised, however, that sooner or later it would 
be imperative to superimpose a higher voltage gri 
on the 110-kV and low-voltage systems, in order to 
transmit power over long distances and to interconnect 
the main centres of electricity production. The co- 
ordinated exploitation of the European power resources 
under German auspices was considered in this con- 
nection. The main features of the plan that was pre- 
pared were the erection of a 220-kV grid in Germany, 
its connection with the existing 150-kV to 220-kV grids 
in neighbouring countries, and the building of 450-kV 
direct-current lines from Norway to South Italy and 
from Spain to the Ukraine with an intersection near 
Innsbruck. It was also planned to set up a govern- 
ment controlled company—the Reich Ischiene 
A.G., on similar lines to the Central Electricity Board 
in this country, to operate the German high-voltage 
grid. Owing to the war only part of the planned 
220-kV grid was actually built. 

Before the war, practically only the Rhenisch- 
Westfialisches Elektrizitatswerk A.G. operated a 220-kV 
grid, which had a total circuit length of 3,700. miles. 
The backbone of this was the line from the Alps and 
Upper Rhine to the Ruhr area, which was designed for 








operation at 380 kV but was worked at 220 kV. A 
number of other lines which had been designed for 
220 kV were operated at 110 kV. Shortly before and 
during the war, the 220-kV grid was extended by a line 
connecting the Ruhr with Diesdorf, near Magdeburg, 
and by another line connecting Diesdorf with St. Peter, 
near Brunau on the Austrian frontier. A line was also 
in course of erection from St. Peter to Vienna. A 
further 220-kV line was constructed from Tiengen, 
near the Swiss frontier, to Hoheneck, near Stuttgart, 
and thence to Kelsterbach, near Frankfurt-on-Main, 
where it linked up with a line to Herdecke in the 
Ruhr, which had hitherto been operated at 110 kV. A 
220-kV line was also under construction across Czecho- 
slovakia to connect Upper Silesia with Vienna. In addi- 
tion, several shorter lines were built, the most important 
of which was that from Jupille, near Liége, which 
was connected to the German grid west of Cologne. 
At the end of the war, about 2,100 route miles of line 
in Greater. Germany were being operated at 220 kV, 
while in Germany and Austria the route length of all 
transmission lines working at 25 kV and over was about 
19,700 miles. 

The two main difficulties encountered by the Ger- 
mans in their plan for the extension of the high-voltage 
grid were a of transformers and a shortage of 
steel for the transmission towers. Shortly before the 
outbreak of war and in the early war years, the copper 
conductors forming the high-voltage lines were replaced 
by aluminium, with the exception of those near the 
Baltic coast. This resulted in the proportion of the 
a. ays a transmission lines using copper being 

uced from 75 per cent. in 1934 to 63 per cent. in 
1938. In 1942, a large scale drive was inaugurated to 
supply the armaments industry with copper, as a result 
of which practically all the copper wire in the medium- 
and low-pressure lines was replaced, mainly by steel. 
By the end of November, 1944, 74,000 tons of copper 
and 7,750 tons of lead had been collected in this way. 
Throughout the war there seems to have been no 
shortage of either copper or insulators for high-voltage 
lines 


Owing to the shortage of generating plant, air attack, 
and other circumstances, such as transport difficulties 
and drought in 1944, the grid was operated in two 
“frequency blocks,” which were controlled from 
Brauweiler, near Cologne, and Berlin, respectively. 
Although the frequency in the latter block had to be 
reduced to 43-3 cycles per second on one occasion, and 
in the former to 41 cycles per second, and although 
heavy damage was often sustained by generating sta- 
tions and transmission lines, particularly in the west, 
breakdowns of more than a local nature did not occur on 
the grid. This is attributable to the efficiency of the 
Lastverteiler organisation, which was able to initiate 
the necessary switching operations, shed the load 
at the right moments, and arrange for irs and other 
emergency measures. Great credit is ascribed to 
the Petersen coils and to various automatic safety 
devices which were employed. The frequency reduc- 
tion, however, had an adverse effect on telecommuni- 
cation systems and on industry in general. 

Dealing with the direct effects of war conditions 
and aerial attack on the operation of the German 
electricity supply undertakings, the report points out 
that though there was a shortage of man-power there 
were only isolated cases of power stations having to 
operate on reduced load owing to lack of skilled men. 
On the other hand, the periodic overhaul of generating 
and transforming plant took longer, and by the end of 
the war there was a large amount of uncompleted main- 
tenance work. The number employed in the electricity 
supply industry fell from 231,000 in 1939 to 213,000 
in 1948, or from 11-2 to 9-6 per megawatt installed. 
As regards fuel, the only difficulty was the transport 
of hard coal, though stoppages due to inadequate brown 
coal supplies occurred in isolated cases when the mines 
could not be worked owing to severe frost. It may 


d| be noted that about 20 per cent. of the German elec- 


trical output was obtained from hard coal stations 
situated in the coalfields themselves. In the winter of 
1943-44, however, about 100 MW of generating plant 
were idle for a short time owing to coal shortage ; 
and the efficiency and output was reduced owing to 
the delivery of unsuitable coal. During the winter of 
1944-45, the position became more difficult, especially in 
areas remote from the mines. The stocks were low 
and fell from 1,237,000 tons (3-8 weeks supply) to 
865,000 tons (2-5 weeks supply) between September 1 
and October 28, 1944. By Diodery. 1945, 1,100 MW 
of plant in public stations alone was idle, and probably 
about the same in industrial stations. 
(To be continued.) . 





SALE oF LIBERTY SHIPS TO GREECE.—<According to a 
B.U.P. message from Washington, the United States 
Maritime Commission has approved the sale of 60 Liberty 
ships to 14 Greek shipping companies, after considering 


AIR-OPERATED WINCHES FOR 
MOTOR VESSELS. 


Tue machinery illustrated on page 584 shows an in- 
teresting development in the operation of ships’ winches 
and other auxiliaries by compressed air, the machinery 
being designed particularly for motor vessels. The 
system has been developed by Mr. O. E, Jorgensen, 
who, as chief engineer to Messrs. Burmeister and Wain 
at the time of the construction of M.S. Selandia,* was 
responsible for the design of the machinery of that 
pioneer vessel. Although we believe the machinery 
now to be described to be entirely novel, it has reached 
production stage and has been tried out at sea, first in 
the M.S. Gorm then in the M.S. Bjorn, which has a 
20-ton salvage winch and duplex pumps operated by 
compressed air, and in the M.S. Frigga, which has two 
3-ton cargo winches similarly driven. Before describing 
the new system in detail it is necessary to discuss 
briefly the arguments put forward for its adoption, 
in order to make clear the principles involved. Mr. 
Jorgensen maintains that electrically-driven winches 
and other auxiliaries have been adopted in motor ships 
simply because, hitherto, no other system has presented 
itself,the well-tried steam-driven winches and auxiliaries 
being ruled out on account of the boiler plant required ; 
but he denies the inherent suitability of this form of 
drive, on account of its complication, expense and 
inefficiency. In the first and second aspects he in- 
stances the elaborate switchboards, cables and controls, 
and in the third aspect he holds that the speed regula- 
tion of winch motors by rheostats involves wastage of 
current and that excessive braking is necessary. His 
air-operated system, referred to hereafter as the A.P.T. 
system for convenience (short for Air Power Trans- 
mission), is claimed to retain its mechanical efficiency 
at all speeds, in contrast with the decrease of efficiency 
with fall of speed which occurs in an electrically-driven 
winch, 

The A.P.T. system is a closed one; it does not 

include an air reservoir but utilises for this the starting- 
air vessel for the main engines in a motor ship. The 
layout gts in Fig. 1, page on illustrates the A.P.T. 
system diagrammatically. e starting-air vessel is 
indicated at a, the pipe 6 being the outlet to the main 
engines. The pipe c is the delivery pipe from. the 
normal starting-air compressor, but this pipe is not 
coupled to the starting-air vessel a but to an A.P.T. 
compressor d, which is driven by a Diesel engine e 
and delivers to the starting-air vessel through the pipe jf. 
An A.P.T. engine driving a winch is seen at g, the 
compressed air supply to this engine being taken 
directly, by means of the pipe h, from the starting-air 
vessel. The exhaust from the winch engine is led to the 
A.P.T. compressor through the pipe i. The pressure in 
the starting-air vessel is commonly 365 Ib. per square 
inch, and the air is exhausted from the engine at 265 Ib. 
per square inch. This pressure is also maintained in 
the engine crankcase so that the load on the pistons 
is only 100 lb. per square inch, while the pressure in 
pipe i being also 265 Ib. per square inch, the load on the 
pistons of the A.P.T. compressor d, to restore the pres- 
sure to that of the starting-air vessel, is only 100 Ib. per 
square inch. This low load enables the compressor 
to be made of the single-stage t without coolers 
and with piston valves instead of the conventional 
mushroom valves. The A.P.T. compressor and engine 
are, in fact, of very similar construction. Referring to 
Fig. 1, it will be clear that since the normal air com- 
porno is connected to the A.P.T. compressor, the 
ormer need only deliver at a pressure of 265 Ib. per 
square inch, instead of 365 Ib. per square inch, as the 
A.P.T. compressor will boost up the pressure by the 
required 100 Ib. per square inch. This arrangement 
greatly reduces the power needed by the normal 
compressor. 

The sectional views, Figs. 2 to 6, 584, are of a 
four-cylinder A.P.T. engine, with cylinders of 3{ in. bore 
by 4in. stroke. It is designed to drive a winch capable 
of lifting a load of 3 tons at a speed of 100 ft. per 
minute, or a windlass which requires 33 brake, horse- 
pore at a speed of 900 r.p.m. The engine, it will 

seen from Fig. 4, has a split crankcase with the 
bearings carried in the upper half. The pistons, 
connecting rods and main bearings are standard Ford 
motor-car spares. The valves lie horizontally above 
the cylinders. The compressor has the same worki 
parts, though the valves have governor control instead 
of hand control. The compressor crankcase has access 
doors. In both the engine and the compressor the 
crankcase is subject to a pressure of 265 Ib. per square 
inch, and special precautions have to be taken to 
ensure airtightness, since the crankcases are part of 
the closed circuit. The arrangement adopted will be 
clear from Fig. 2. The crankshaft passes through a 
box bolted to the end of the crankcase, and its flywheel 
end lies within that box in a spring-loaded cast-iron 
sleeve, the flange of which bears on a washer of 
synthetic rubber on the inner face of the box. The 
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* See ENGINEERING, vol. 93, page 260, ef sey. (1922). 
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outer face of the box is formed with a machined face 

against which rotates a metal jointing ring backed by a ATR-OPE ‘ 

re nga apn eee ys Soe poo RATED ENGINE FOR SHIPS’ WINCHES. 
box forms an oil bath, any oil from which, leaking into Fi ig.1. 
the between the two packing rings, is forced back piers 
periodically into the crankcase by means of startin b 
air. It is stated that, in practice, this method o a 
sealing has proved quite satisfactory. 

The cylinder head, which contains the two piston 
valves for the four cylinders, is divided by a longitu- 
dinal partition, as will be evident from Fig. 3, in which 
the opening a is the inlet for the pressure air and the 
opening b is the outlet for the exhaust. The lower part 
of this ition runs into a chamber housing the 
valves, the construction of the wall of which chamber -——_--—— 
can be made out in Figs. 4 and 5. A recess in the 
—— clearly shown in Fig. 3, houses the valve- 

iving mechanism. This recess is on the exhaust side c 
of the head, and passages from it will be seen in Fig. 6, c# => 
for admitting the exhaust air, at a pressure of 265 Ib. (seaeAy 
per square inch, to the crankcase. The piston valves Fia.2 y ME 
take the air pressure of 365 lb. per square inch in the wah WG aS SS S 

i 







































































centre through the ports visible in Fig. 3, and the 
cut-off is therefore effected by their insid edges. The Y SSNS 
exhaust is through similar ports on the outside edges y NUNS N 
and the valve casings open, at their ends, into the y \ INS 
exhaust chamber of the head. The valve-driving gear y 

is of interest and is simple in construction, though its 
operation may not be apparent at first sight. Refer- 
ring to Fig. 2, it will be seen that the four cranks are in N Ss STK WY WHU09Y 
two pairs, the crankpins of each pair being at 180 deg. y Y Wa 
and the plane of one pair being at 90 deg. to that of the 
other pair. This pee mye enables each pair of = —_ e 
cylinders to be served by one piston valve. Thus, 

considering the left-hand pair of cylinders, the right- 
hand cylinder of this pair is taking pressure air and the 

piston is making a downward stroke, while the left-hand YY 
cylinder is exhausting and the piston is making an Uy Y 
eo stroke. The piston valve of the right-hand pair \7 YW : Sj, Gee 
of cylinders is at about mid-travel, since the two A \ TRANS 
cranks concerned are in the dead-centre positions. | = SG 

Each piston valve is reciprocated by a separate a “ 
eccentric, that indicated at c being for the left-hand Sasa \\ 
valve and that at d for the right-hand valve. Since the \ 
relative position of the two pairs of cranks is invariable, NGE 
the two eccentrics are attached to one another and both . —  ———_—_— SIV 
are ‘rotated together round a vertical shaft e, which 
is rotated by a pair of bevel wheels from the crankshaft. 
The eccentrics are not attached to the shaft e but 
are driven by it pom bevel gear wheels. These 

consist of a bevel wheel f keyed to the upper 
end of the shaft e and a bevel wheel g, formed on the 
top of the eccentric d. Between these two wheels is 
a bevel pinion 4 which, as shown in Figs. 3 and 6, is 
carried on a horizontal shaft radiating from the axis 
of the shaft e. The bevel pinion shaft is formed on a 
toothed quadrant i, the whole assembly being capable 
of rotation round the shaft e. The quadrant meshes 
with a rack j, which meshes, in turn, with a toothed 
pinion k on the shaft / (Fig. 5) of the control handwheel 
m. It must be made clear at this point that the bevel 
pinion h does not function as an epicyclic gear, to which 
it bears a superficial resemblance. The axis of the 
pinion is held rigidly in position in plan by the quad- (e9268) 
rant ¢, and as long as this quadrant is stationary, the 
pinion merely acts as an idler in transmitting the crank- cm or 
shaft motion to the eccentrics c and d, which rotate Fig.5. © / 
strictly in step with the bevel wheel f, though, of course, 
in the opposite direction. This is the condition obtain- 
ing with the engine working at any cut-off. 

If, however, the handwheel is turned so as to move Fia4 
the rack and rotate the quadrant, the bevel pinion is or” 
rotated round the axis of the shaft e, and adds to or 
subtracts from the turning movement of the eccentrics, 
according to the direction of rotation. This plus or 
minus turning movement continues as long as the 
bevel pinion is being swept through an arc, but stops 
immediately the bevel pinion quadrant becomes sta- 
tionary, when the correspondence in motion between 
the bevel wheels f and g is restored. The net effect 
of the handwheel rotation is to alter the phase of 
the eccentrics relatively to the cranks, or, using the 
convention applied to valve-gear eccentrics, to alter 
the angle of advance. It will be a that 
the stroke of the piston valves is not affected, though 
the point of cut-off is. Thus, when the quadrant is 
in the extreme position shown in Fig. 3, that is, 
with its horizontal centre line at an angle of 45 deg. 
to the centre lines of the cylinder head, the cut-off 
is at full gtroke for one direction of crank rotation 
and the engine is developing full power, since it is 
working without expansion. When, however, the con- 
trol handwheel is turned in a counter-clockwise direc- 
tion, so that the rack moves to the left, the point of 
cut-off is gradually decreased to zero and the engine 
power decreases since it is being operated with increasing 
expansion. The zero point is reached when the 
bevel pinion centre line coincides with the transverse 
centre line of the head. Further rotation of the 
handwheel, still in the counter-clockwise direction, 
reverses the engine, the point of cut-off being made 
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eae A later until the full power is reached with 
ull stroke cut-off. In this condition the bevel pinion 
centre line lies at 45 deg. on the other side of the 
centre line from that shown in Fig. 3. This means that 
the bevel pinion moves through a total arc of 90 deg. 
to secure full-stroke cut-off in either direction and the 
contro] handwheel is rotated by only about a half-turn. 

The engine, as shown on the right in Fig. 1, is mounted 
on the winch bedplate. The drive to the winch drum 
is through a totally-enclosed two-speed gearbox with 
automatic lubrication. What actually occurs when 
the handwheel is manipulated is that, hoisting a load 
is effected by adjusting the cut-off to suit the work and 

ing the lift for slewing, etc., by holding the 
handwheel at the zero point. When lowering, however, 
the engine may function as a compressor, so that there 
will be some regenerative braking, a condition readily 
understood by reference to the lay-out in Fig. 1. It is 
stated that although a foot-brake is fitted, the control 
of the winch is by the handwheel, the brake being 
used only when a load is to be lowered very precisely. 
It is further claimed that the operator a lP om picks 
up the handling technique, since he has only to keep 
@ hand on the wheel and an eye on the load, a slight 
turn of the wheel to right or left resulting in a raisi 
or lowering movement, as desired. The regelatioa of 
= oe a and age steps, and the stop valves are 
ept fully open all the time. The two-speed change 
gear is Al only when setting the winch to work 
at a rate to suit the conditions prevailing at the time ; 
it has nothing to do with the flexibility of the winch 
throughout a loading or unloading operation. It is also 
pointed out that careless manipulation of the handwheel 
cannot result in damage to the engine and winch, and 
that the operator need not concern himself whether 
the engine is functioning as an engine or as a com- 
pressor at any one moment, as that condition is 
determined automatically. As regards performance, 
only a general indication can be given. It is stated 
that five winches of 3 tons capacity can discharge 
125 tons per hour, the loads being lifted at a speed 
of 100 ft.. per minute through a distance of 33 ft., 
slewed horizontally for 30 ft., and lowered 16 ft., 
with an average consumption of compressed air of 
4,400 cub. ft. per hour, an expenditure of 62 brake 
horse-power, and a fuel-oil consumption of 31 Ib. per 
hour. With a load of 15 cwt. instead of 3 tons, the 
air consumption is 2,680 cub. ft. per hour, 48 brake 
horse-power is required, and the fuel-oil consumption 
24 Ib. per hour. The difference between the hoisting 
and lowering heights is accounted for, in calculating the 
consumption, by the fact that lowering is usually 
accompanied by regenerative braking. 

The A.P.T. compressor, indicated at d in Fig. 1, 
should now be described. It is of the same general 
construction as the A.P.T. engine and, where only 
oné engine is concerned, of the same size. The valve 


gear, however, is not controlled by a handwheel, but 
by a servomotor and a governor of the differential- 
pressure type, since it is the difference between the 
two pressures of 365 lb. and 265 lb. per square inch 
that has to be kept constant. It is stated that the 


service. Only winches have been referred to above, 
but in comparing the advantages of air-operated 
auxiliaries over electrically-operated auxiliaries in a 
motor-ship, Mr. Jorgensen allows for major auxiliaries, 
such as ballast, fuel-oil, bilge, sanitary, salt- and 
fresh-water pumps, and pumps for hydraulic steering 
gear being air operated, as well as winches. In such 
a case, the A.P.T. air compressor would be larger 
than that required for winches alone and, moreover, 
the various auxiliaries will be used to different extents 
when the vessel is at sea and when in port. A large 
plant of this kind, however, is not yet in operation. 





FRENCH RAILWAY BRIDGE REBUILT.—A 2,500-ft. 
railway bridge over the River Marne, near Paris, de- 
stroyed by the Germans, has been rebuilt, and was 
re-opened for craffic on Saturday, December 14 1946. 





| ACQUISITION OF MERCURY.—Following on the reduction 
in price of the Government-owned stock of mercury 
metal (from 301. to 251. per bottle of 76 Ib.), announced 
recently, the Board of Trade have now decided that the 
import of mercury shall revert to private trade. Suppiies 
of mercury may still be obtained from the Government 
store until such time as users are able to make their own 
buying arrangements. Users intending to make direct 
imports should submit an import licence application to 
the Import Licensing Department, Board of Trade, 
189, Regent Street, London, W.1. 





Fitm oF DuUNLOP’s Wak ACTIviTIES.—An interesting 
film has been produced by Verity Films, Limited, for 
the Dunlop Rubber Company, Limited. The film is 
called “Far Horizons,” and it depicts the numerous 
items of equipment produced for the fighting services 
and civil defence by the Dunlop organisation during the 
recent war. It is not merely a catelogue of 2quipment ; 
all phases of the war are shown, several of the scenes 
having been taken from actual combat films and the 
story serves to give it continuity. The film has been 
produced for showing to the general public and for thia 
reason svoids technical descriptions of the processes 
by which the different items of equipment are produced. 
It will be shown in tbe leading cities and towns of the 
United Kingdom. Further particulars can be obtained 
from the Information Officer, Dunlop Rubber Compeny, 
Limited, St. James’ House, St. James’-street, London, 
8.W.1. 





governing system has proved rapid and reliable in | 54 





PRECISION INDEXING ATTACH- 
MENT. 

Tue device shown in the accompanying illustration 
is a precision indexing attachment for use with its 
axis in either a horizontal or a vertical position. In 
the former position it can be used as a lathe faceplate. 
The device is known as the “ Marlco ” minor precision 
indexing attachment and is manufactured by Messrs. 
W. H. Marley and Company, Limited, New Southgate 
Works, 105, High-road, London, N.11. It consists of 
a base, with slots for attachment to a machine table, 
etc., measuring 7} in. by 7 in., and fitted with a rotat- 
able centre of nickel iron. The upper part of the base 
is split so that it constitutes a p by which the 
centre can be rigidly locked in any position, either at 
the graduations for indexing or at other intermediate 
points. The centre carries a collet housing and chuck 
of steel, hardened and ground, and an indexing plate of 
Meehanite. The collet chuck will take the firm’s spring 
collets, ranging from } in. to } in. in diameter, a hole 
through the base allowing rods of the latter diameter 
to be accommodated if such are to be indexed for 
drilling, facing, etc. The index plate is normally 
graduated with 12 divisions and has a corresponding 
number of notches, but plates having any number of 
divisions up to 20 can be supplied. The graduations 
are clearly marked on the upper surface of the plate 
and register with a line cut on a machined surface 
on the top of the plunger-operating mechanism seen in 
the foreground. - 

The plunger is of hardened steel and is spring- 
loaded. Since it is the plunger tip and indexing plate 
notches which usually give trouble from wear in an 
indexing device, special care has been taken in shaping 
these two parts to facilitate accurate registration and 
automatic correction for wear in the notches. Wear 
of the plunger is corrected by the screw, with a lever 
handle, visible on the left of the plunger casing. The 
operating lever is seen to the right of this casing. 
If it is moved through an angle of 20 deg., the plunger 
is withdrawn and can be retained in this position by 
holding the lever, but, if a longer period for wo 
adjustment is desired a further movement of 20 deg. 
holds the plunger in the “out” position without it 
being necessary to restrain the lever, while a tap on 
the lever allows the plunger to spring back into the 
locking position immediately. The separate disc seen 
in the illustration above the indexing lever is a table 
in. in diameter, of nickel iron, and having four holes 
for work attachment. This is an alternative fitting to 
the chuck, which is removed and the table screwed on 
to the rotatable centre. The overall height of the 
device with the chuck in place is 3} in., and with the 
table in 33 in. The chuck has alternative holes for 
screwing in the operating lever, in order to provide 
a tight fit should the original holes become slack after 
prolonged use. A ball valve oiling point for the interior 
mechanism is provided. The plunger and dividing 
plate are accessible for periodical cleaning through a 
removable cover held in place by a Circlip ring. It 
will be understood that the normal provision of 12 
notches in the dividing plate enables radial indexing 
to be done in four positions, in addition to the full 
circle movement of 12, these positions being, of course, 
2, 3, 4 and 6 parts of the full circle. 





ALL-WELDED TANKER.—<According to a B.U.P. mes- 
sage, a tanker of 27,000 deadweight tons is being built 
in the Norfolk, Virginia, shipyards. The vessel will be 
of all-welded construction and is believed to be the 
largest of its type. 





BRITISH PURCHASING AGENCY IN GERMANY.—A 
British Purchasing Agency has been set up at Minden, 
under the Sundry Materials Branch of the Board of 
Trade, with the object of centralising all exports from 
Germany to the United Kingdom, except timber and 
scrap metal. This organisation will maintain the closest 
liaison with the Control Commissivn. All purchases are 
on Government account and distribution will be made 
through the Sundry Materials Branch of the Board of 
Trade. All inquiries, which should be in writing and 
should relate to specific goods, should be add d to 
Sundry Materials Branch, 10, Old Jewry, London, E.0.2. 








GERMAN PATENT SPECIFICATIONS.—Over 70,000 Ger- 
man civil patent specifications, covering war-time 
developments in German industry and research, have 
been brought to Britain from the Berlin Patent- Office 
and are open to inspection at the Patent Office Library, 
25, Southampton Buildings, Chancery-lane, London, 
W.C.2. The specifications are in German. Name and 
subject indexes are available up till the end of 1942 and 
quarterly name indexes up till September, 1943. Subject 
searching after 1942, however, may be facilitated by 
reference to copies of the weekly classification list, 
Patentblatt. Photographic copies of any specification 
and drawing may be obtained at the rate of 6d. per page. 
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INSTITUTION ELECTIONS. 


INSTITUTION OF MECHANICAL ENGINEERS. 


Associate Member.—Comdr. (E) Douglas Harold 
Acheson, R.N., Havant, Hants. ; Stuart Aubyn Spencer 
Airey, B.Sc.Tech. (Manch.), Trafford Park, chester ; 
David Anderson, M.B.E., Northwich, Cheshire ; George 
Daniel Ayres, M.B.E., London, E.3; Edward James 
Badcock, Cowley, Oxford ; Lt.-Col. Arthur James Ball, 
O.B.E., LE.M.E., Derby; Ernest Arthur Frederick 
Bazeley, London, 8.W.8 ; Evelyn Stewart Lansdowne 
Beale, B.A. (Cantab.), Staines, Middx.; Richard 
Samuel Bickerton, B.A. (Cantab.), Manchester; Lt.- 
Col. Leonard Lewis Bindoff, R.E.M.E., Weston-super- 
Mare, Somerset ; Major William Arthur Bird, R.E.M.E., 
Bicester, Oxon.; Lt.-Comdr. (E) Andrew Ian Fraser 
Blair, R.N., London, E.C.1; George Heugh Bowler, 
Leicester; Norman George Boyd, B.Sc. (Glas.), Lon- 
don, S.W.11; Percy Bregazzi, St. Helens, Lancs, ; 
William Edwin Briley, New Malden, Surrey ; Robert 
Crawford Wood Buchanan, Johannesburg, Transvaal ; 
Alan Kingsford Butcher, London, W.3; William 
Carlisle, Belfast ; Jardine Carruthers, Derby ; Ernest 
Edward Chatterton, B.Sc. (Eng.) (Lond.), London, 
W.3; James Arthur de Vere Condon, B.Sc. (Bristol), 
Minden, B.A.O.R.; Edwin William Connon, M.Eng. 
(L’pool), Sheffield ; Walter Denman Davis, Rhondda, 
Glamorgan ; James Thomson William Dewar, Shef- 
field ; John George Dixon, Manchester ; John Mathieson 
Dodds B.Sc. (A’deen), Manchester ; Alan Dudley; B.Sc. 
(B’ham), West Bromwich ; Wilfred Lonsdale Dumble, 
Castle Eden, Co. Durham; Sidney John Eardley, 
Leeds ; Lt. Comdr. (E) Richard Lesingham Edmonds, 
R.N., Bamburgh, Northumberland ; Ean Elrick Ewen, 
Edinburgh ; Major Brian Farmer, R.E.M.E., Exeter ; 
Arthur Fleetwood, B.Sc. (Eng.) (Lond.), Derby ; John 
Garland, Manchester ; Henry Squire Garmey, London, 
E.C.4; Squad. Ldr. Stefan Gatowski, R.A.F., Bawtry, 
Doncaster; Joseph Geddes, Ayr; Gordon Gibson, 
Nairobi, Kenya; Frank Millar Greenlees, B.Sc. (Glas.), 
London, W.C.2; Emile Grosz, London, W.3; Thomas 
Hamilton, B.Sc. (Glas.), Jordanhill, Glasgow ; Ludwig 
Hausfelder, High Wycombe, Bucks. ; Edwin Hewitt, 
Sheffield; Bhagwan Pessumal Hira, B.Sc. Tech. 
(Manch.), New Delhi, India; Walter Thomas Hogg, 
London, 8.W.17; James Hartle Jagger, B.Sc. (Manch.), 
Coventry ; George Adolph Johnstone, Belfast ; Leslie 
Johnstone, Birmingham. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ““HORNBY GRANGE.”’—Twin-screw refrigerated 
Gargo vessel for trade between the River Plate, Brazil, 
and United Kingdom ports. Built by Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, Hebburn- 
on-Tyne, to the order of Messrs. Houlder Line, Limited, 
London. Overall length: 480 ft.; insulated capacity, 
555,820 cub. ft. Hawthorn-Doxford opposed-piston two- 
stroke four-cylinder Diesel engines of 8,900 aggregate 
brake horse-power, constructed at the St. Peter’s Engine 
Works of the shipbuilders. Trial trip, December 9. 


M.S. “ British ENSIGN.”—Single-screw tanker built 
by Messrs, Furness Shipbuilding Company, Limited, 
Haverton Hill-on-Tees, to the order of the British Tanker 
Company, Limited, London. Main dimensions: 
490 ft. 10 in. overall by 61 ft. 9in. by 33 ft. 1lin.; dead- 
weight carrying capacity, 12,250 tons on a summer 
draught of 27 ft.6 in. Opposed-piston four-cylinder oil 
engine of 3,100 brake horse-power supplied by Messrs. 
William Doxford and Sons, Limited, Sunderland, to be 
installed by Messrs. Richardsons, Westgarth and Com- 
pany, Limited, Hartlepool. Launch, December 10. 





CONTRACTS. 


Messrs. LEYLANDsS Motors LimireD, Leyland, Lanca- 
shire, have received an order fora further 37 double-deck 
53-seater omnibuses from the Wigan.Corporation, for 
delivery in 1947. Another order, for ten Octopus eight- 
wheel goods-vehicle chassis, has been received from 
Messrs. Kinders Transport, Limited. 


MEssRs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, through their 
agents, N.V. Technishe Handel tschappij “ Helga ” 
of Curacao, have secured orders for the lighting schemes 
for two airfields, Hato and Dakota, in Curacao and 
Aruba, respectively, two islands in the Netherlands West 
Indies. 


MESSRS. VICKERS-ARMSTRONGS LIMITED, have re- 
ceived an order for three first-class passenger and cargo 
vessels for the State Merchant Fleet of the Argentine 
Government. The ships will be of 18,000 tons displace- 
ment and capable of a sea speed of 18 knots. They will 
be in service between the River Plate, the Atlantic ports 
of America and portsin Europe. The ships will be built 
at Barrow in Furness. 





BRITISH STANDARD 
SPECIFICATION. 


TxE following specification of engineering interest 
has been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of the paragraph. 


Black Bolts and Nuts.—The first British Standard 
Specification for black bolts and nuts, B.S. No. 28, 
was published in 1906, and revisions of this were issued 
in 1908 and 1932. Another specification for black 
bolts and nuts, yh 916, heey issued in 1940, 
at the request o: Ministry of Supply, as a war- 
emergency publication. Bolts and nuts to this specifi- 
cation were smaller across the flats and thinner in depth 
than those of B.S. No. 28. This change in dimensions 
was made a to save steel, and partly because the 
new type of bolt and nut could be more easily and more 
efficiently produced by modern methods of manufac- 
ture. In 1943, again at the request of the Ministry of 
Supply and by ment with the Black Bolt and Nut 
Association of Great Britain, B.S. No. 28-1932 was 
withdrawn, thus leaving B.S. No. 916-1940 as the sole 
operative specification, covering black hexagon and 
square bolts and nuts for general engineering purposes, 
during the period of the war emergency. Ker the 
cessation of hostilities, the question of the most suitable 
post-war British Standard Specification for black bolts 
and nuts was discussed, and after consultation with 
many groups of user interests it was to endorse 
the recommendation of the Black Bolt and Nut Asso- 
ciation of Great Britain that B.S. No. 916 be re-issued 
as the regular specification for black hexagon and square 
(B.S. Whitworth and B.S. Fine) boltsand nuts. Inmak- 
ing this decision, it was realised that there were certain 
applications in heavy engineering work and in i 
corrosive situations for which the use of the old large 
(Whitworth) size nuts might be desirable. _Considera- 
tion is accordingly being given to the re-issue, for such 
applications, of the table of standard nuts formerly 
contained in B.S. No. 28-1932. In publishing the 
— edition of B.S. No. 916, the opportunity has 

taken to introduce an amendment relating to the 
definition of the length of bolt, the inclusion of a 
defined radius under the head, and the incorporation 
of the former amendment No. 1, 1943, relating to the 
thicknesses of single-faced and double-faced lock nuts. 
The specification also includes a table of dimensions for 
plain round black washers for bolts up to 2 in. nominal 
size. [Price 2s., postage included. } 





BOOKS RECEIVED. 


The National Atlas Series of Maps. Printed in colour. 
Scale: 1/625,000, or about ten miles to one inch. 
Roads. Compiled by the Ministry of Town and Country 
Planning from data supplied by the Ministry of War 
Transport. Sheet 1. Scofland. Sheet 2. England 
and Wales. Maps Officc, Ministry of Town and Coun- 

try Planning, 32, St. James’s-square, London, S.W.1. 

(Price, flat and unmounted, 2s. 6d. net per sheet; 

mounted and folded, 5s. net per sheet.) 

Department of Scientific and Industrial Research. Road 

Research. Special Report No. 3. Roadstone: Geo- 

logical Aspects and Physical Tests. By Dr. J. PHEMIS- 

TER, E. M. Guppy, A. H. D. MaRkKwick and F. A. 

SHERGOLD. H.M. Stationery Office, Kingsway, Lon- 

don, W.C.2. [Price 9d. net.] 

The Manchester Association of Engineers. Transactions. 
Session 1945-46. Edited by T. MAKEMSON, Secretary 
and J. BoLToNn, Assistant Secretary. The Secretary, 
The Manchester Association of Engineers, St. John 
Street Chambers, Deansgate, Manchester 3. 

United States National Bureau of Standards. Circular 
No. C454. Proving Rings for Calibrating Testing 
Machines. By Bruce L. Wuson, Doveras R. TATE 
and GEORGE BorKOwskKI. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 
25, D.C., U.S.A. [Price 10 cents.] 

United States National Bureau of Standards. Building 
Materials and Structures. Report BMS 106. Labora- 
tory Observations of Condensation in Wall Specimens. 
By Ricuarp S. Dit and HERMAN V. Corrony. 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. [Price 
10 cents.) 

The Institution of Civil Engineers. The Presentation of 
Engineering Evidence. A Record of Four Lectures 
Delivered at the Institution. By LoRD MACMILLAN OF 
ABERFELDY, GEOFFREY BELL and C. W. KNIGHT. 
The Secretary, The Institution of Civil Engineers, 
Great George-street, London, 8.W.1. [Price 3s., post 
free.] 

The Institution of Civil Engineers. Post-War National 
Development. Report No. VII. The Contract System 
in Civil Engineering. The Secretary, The Institution 
of Civil Engineers, Great George-street, London, S.W.1. 





(Price 28. 6d.] 
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PERSONAL. 


Mr. ARTHUR PARKINSON, son of the late Mr. Frank 
Parkinson, chairman of Crompton Parkinson, Limited, 
Electra House, Victoria-embankment, London, W.0C.?2, 
has been appointed an executive director. He has been 
with the company since 1936, apart from Army service, 
and is sales manager for lamps and lighting equipment. 


Mr. GEORGE SuMMERS is retiring on December 31 
from his position of general manager of the Stirling 
Boiler Company, Limited, 34-36, Farringdon-street, 
London, E.U.4, but will retain his seet on the board. 
Mr. Sipngey J. WHYBROW has been appointed to succeed 
Mr. Summers and has been elected to a seat on the board. 


Dr. OC. F. BAREFORD, M.Sc., has been appointed 
manager and head of the new Mullard Electronics 
Research Laboratory, Cross Oak-lane, Salfords, near 
Horley, Surrey. 


Masor E. ADAMSON, M.Eng., has been appointed to 
the Colonial Service as an assistant engineer in the 
Public Works Department, Malaya. 


Mr, F. L. Park, B.Sc., A.M.I.E.E., A.M.I.Mech.E., 
has resigned his position as Midlands regional manager 
to the Harland Engineering Company, Limited, to take 
up an appointment on the chief engineer’s staff of Messrs. 
Steel, Peech and Tozer branch of the United Stee! 
Companies, Limited, Sheffield, on December 30. Mr. 
S. A. Hamer, B.Sc. Tech., A.M.I.E.E., of the Harland 
Company’s staff at Manchester, will succeed Mr. Parkin as 
Birmingham branch manager. 


Mr E. G. Batr has been appointed director of the 
British Refrigeration Association, 1, Lincoln’s InnFields, 
London, W.C.2, with effect from March 1, 1947. 


Mr. Huspert Houtmay retires on January 1, 1947, 
from the board of the V: Oil Company, Limited, 
of which ha has been managing director since 1933. 
He joined the company on July 22, 1901, and thus 
completes 45 years’ active service. He will be succeeded 
as managing director by Mr. H. W. RocKE. 


Messrs. CINCINNATI MILLING MACHINES, LIMITED, 
Woodlands Farm-road, Tyburn, Birmingham, have 
acquired the share capital of cheir neighbours, MEssRs. 
HORDERN, MaSON AND EDWARDS, LIMITED, power-press 
manafacturers. Mr. W. G. Epwarps, formerly managing 
director of the latter company, has been made chairman 
of the reconstituted board of the Company. 





The offices of the BririsH TAR CONFEDERATION and 
of the Coat TarR RESEARCH ASSOCIATION have been 
removed from Artillery House, Artillery-row, to Gas 
Industry House, 1, Grosvenor-place, London, 8,W.1. 
(Telephone : SLOane 6119.) 


Messrs. PORTSMOUTH AVIATION, LIMITED, have been 
allocated the erection bays, approximately 80,000 sq. ft. 
in area, at the east end of Messrs. Short Brothers’ Airport 
Factory, Rochester. The firm will employ over 400 
operatives on the production of a twin-engined aircraft 
known as the “‘ Aero-Car.” 


Messrs. E. H. JONES (MACHINE TOOLS), LIMITED, 
Edgware-road, The Hyde, London, N.W.9, have now 
opened, at that address, an office and stores devoted exclu- 
sively to machine-tool equipment, under the control of 
Mr. 8S. ROWDEN. 

Messrs. BURTON, GRIFFITHS AND COMPANY, LIMITED, 
Mackadown-lane, Marston Green, Birmingham, announce 
that, as from January 1, 1947, by mutual arrangement, 


-| they will cease to represent the LAPOINTE MACHINE TOOL 


Company, Limirep, Edgware, Middlesex. In future, 
Messrs. Burton, Griffiths will be the sole distributors of 
broaches and broaching equipment manufactured by 
their associated company, Messrs. B.S.A. Toots, 
LimiTED, who have acquired new premises at Redditch, 
Worcestershire, forthe exclusive manufacture of broaches 
and broaching equipment. 





Gas-TURBINE EXHIBITION.—The Ministry of Supply 
have arranged a small exhibition of British gas-turbine 
engines to demonstrate the principle and advantages 
of this form of prime mover and draw attention to the 
pioneer work of British designers. The exhibition, 
which was opened on December 16 by Mr. Arthur Wood- 
burn, M.P., Joint Parliamentary Secretary tothe Ministry, 
is at Charing Cross Underground Station, London, and 
will be open daily from 10 a.m. to 8 p.m. until] January 3. 
Actual engines on view include a Rolls-Royce Nene, & 
de Havilland Ghost, a Metropolitan-Vickers F2/3 with 
axial-flow compressor, and an Armstrong-Siddeley Mamba 
with an airscrew shaft developing 1,010 h.p. and a jet 
thrust of 320 Ib.; there is also a Perspex model of a Bristol 
Theseus I engine. Small models of those aircraft which 
incorporate gas-turbine engines are shown, and there are 
display paneis illustrating the development of gas tur- 
bines, the possibility of applying them in other fields, 
and the functions of the Ministry, the National Gas 
Turbine Establishment, the Gas Turbine Collaboration 





Committee, and the companies building these engines. 
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NOTES FROM THE NORTH. 
Gniascow, Wednesday. 

Scottish Steel.—The current production is heavily 
overburdened, the position still being affected to some 
extent by the abnormal number of smelting furnaces out 
of repair, owing to the bricklayers’ strike; the latest 
information is that full normal steel produccion in the 
West of Scotland will not be possible until after the 
New Year holidays. It is estimated that at least 120,000 
tons of ingot output was lost. Plates and sections are 
in heavy demand, makers having more than six months’ 
work in hand. . Their efforts to keep the shipyards and 
engineering establishments supplied have not been 
relaxed, regular weekly quotas being maintained very 
well. The demand for structural steel has expanded 
considerably recently the chief item in the home market 
being the construction of industrial estates, for which 
purpose substantial tonnages of joists and angles are 
being specified. Sheetmakers are maintaining their 
regular outputs and consumers have received fair allo- 
cations. A heavy carry-over of business into the new 
year is inevitable. Export inquiries are on a record 
scale, but makers are refusing to accept further commit- 
ments, as their order books are full. Transport is still 
inadequate, and heavy tonnages of finished material 
are lying at the works awaiting clearance. Pig iron is in 
fair supply. The new furnace at Govan Iron Works will 
be supplying foundry iron this week to supplement 
Scottish deliveries. Steel scrap is scarce, segregation and 
cutting up being handicapped by labour shortages. 

Scottish Coal.—Outputs are now reported to be in 
the vicinity of 470,000 tons weekly. The improvement 
compared with earlier months this year is some 20,000 
tons a week, but the expansion in consumption far exceeds 
the output. The industrial demand has risen recently 
by fully 10,000 tons a week, electricity requirements by 
an even greater tonnage, and there are increases in the 
demands of the gasworks, railways, and many other 
items to be accounted for. It is expected that further 
cartailments of industrial deliveries will have to be 
enforced in order to release more coal for the higher 
priorities. The gas and electricity works will certainly 
have to get additional tonnage to safeguard their holiday 
position at New Year time, and coke ovens, railways, 
food producers, and other essential users are also pressing 
for additional tonnage. A diversion of house coal during 
the last week before the holidays commence is anti- 
cipated, though no announcement has yet been made. 
Large anthracite and the larger anthracite nuts are very 
scarce, and delivery dates have been lengthening. 
English coal for Scottish use is now arriving by sea in 
order to ease pressure on the railways. A shortage of 
wagons and engine power is being experienced, chiefly in 
Fife, but colliery production has not been affected so far. 





NOTES FROM THE SOUTH-WEST. 


CarpiFrF, Wednesday. 

The Welsh Coal Trade.—A Meeting of the executive 
committee of the South Wales Area Mineworkers’ Union, 
after discussing protests made by lodges against the 
composition of the South Western Divisional Coal 
Board, decided to forward to the national executive of 
the union a resolution drawing attention to the lack of 
confidence on the part of the membership in the coal- 
field in the chairman and others. Criticisms of the 
new chairman, General Sir Alfred Godwin-Austen, was 
understood to be based on the feeling that he had had 
little experience of industry generally and the coal 
industry in particular, and that he had been con- 
cerned only with Army affairs. In a statement, 
Lord Hyndley, chairman of the National Coal Board, 
regretting that the position had arisen only three weeks 
before the vesting date, said the appointments had been 
made and would have to stand, at any rate for the 
present. Mr. Douglas A. Hann, who resigned his position 
as director of production of the divisional board earlier 
in the week, has been succeeded by Mr. T. S. Charlton, 
who was deputy director of production of the North 
Eastern Division. Little fresh business for early 
delivery could be entertained on the Welsh steam-coal 
market last week. The demand for almost all kinds was 
actively maintained but orders already in hand were 
sufficient to unt for almost the whole of current 
productions and most collieries are well sold ahead. 
Export business was therefore almost completely at a 
standstill and only some limited quantities of the poorest 
sorts could be made available. The home demand for 
cokes and patent fuel continued to exceed supplies. 

Swansea Steel-Sheet Industry.—The report issued by 
the Incorporated Swansea Exchange states that, last 
week, there was a fair amount of activity in the tin-plate 
market. A satisfactory volume of business was trans- 
acted by home users who were placing orders for their 
requirements for the first quarter of 1947 and later. 
In the export market, the improved production released 
& slightly larger quantity for shipment overseas. Steel 
sheets continue in exceptionally strong home demand. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The production of pig-iron is ham- 
pered at present by short supplies of coke. Finished iron 
is in good demand and moderate supply, users being 
mainly dependent upon district production. Steel pro- 
duction is being retarded by fuel shortage. Some 80-ton 
open-hearth furnaces are using fuel-oil satisfactorily, but 
firms dependent upon town gas have to take turns, one 
week in three, in submitting to large reductions of their 
supply based on prior consumption. Occasional short 
stoppages in the supply of electricity are bringing many 
electric-melting furnaces to a standstill in works depen- 
dent upon the public service, but there are still some 
leading firms that generate their owf power and are able 
to carry on continuously as far as the limited supplies 
of coal will permit. The retarded production of steel 
has accentuated the shortage of high-carbon steel sheets 
and bars, which for some months has slowed down the 
output in agricultural steel and other consuming indus- 
tries. Marked activity is the rule in railway-material 
departments, which are trying to keep pace with the 
heavier demands arising from the programmes of new 
construction and repair of locomotives, carriages and 
wagons. 

South Yorkshire Coal Trade.—Several collieries have 
exceeded their target outputs, and absenteeism has 
declined under the spur of production drives. Colliery 
managements are hoping that the steps taken to provide 
more locomotive power and accelerate the return of 
empties tg the screens will remove one of the sources of 
delay in the production and distribution of coal. Coking- 
coal allocations are barely sufficient to meet the needs of 
the coke-works, and the production of coke and coke- 
oven gas is insufficient. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


General Situation.—Satisfaction is expressed at the 
exclusion of the iron and steel industries from the request 
for reduction in gas and electricity consumption. The 
supply of fuel, however, is restricted and the variable 
quality of the parcels coming to hand has given rise to 
difficulties. Inadequate rail transport is also hampering 
iron and steel production at a time when the demand for 
larger deliveries is as intense as at any time since the 
end of the war. Accumulations of tonnage at works are 
embarrassingly heavy and are increasing. Customers 
complain that delayed deliveries are holding up much- 
needed reconstruction work and retarding ordinary 
industrial operations. Producers of nearly all commo- 
dities have more work in hand than they can cope with, 
and the carry-over of contracts not completed at the 
end of the year is likely to be considerable. 

Foundry and Basic Iron.—More high-phosphorus pig 
iron is wanted for the light-casting trade. There seems 
little likelihood of an early regular resumption of make 
of Cleveland brands, and parcels reaching North-East 
Coast consumers from other producing centres are not 
equal to requirements. There is no basic iron on the 
market, but the production is sufficient for the require- 
ments of the makers’ own consuming departments. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite is not obtainable so readily as it was a 
short time ago, but the tonnage available is still sufficient 
for essential home requirements. Merchants have almost 
ceased to endeavour to secure permits to deal with over- 
seas inquiries. Manufacturers of low- and medium- 
phosphorus grades of iron are able to meet the urgent 
needs of users. Makers of refined iron have a ready 
sale for their products. 

Manufactured Iron and Steel.—The demand for semi- 
finished and finished iron is increasing, but manufac- 
turers are able to keep abreast of users’ needs. The 
situation in the various branches of the steel industry, 
however, is disquieting. Congestion at the works is 
embarrassing and the pressure for larger deliveries 
against running contracts is more intense than ever. 
Semi-finished steel ‘is urgently needed in much larger 
quantities than are obtainable. The acute shortage of 
billets is interfering seriously with operations at the re- 
rolling mills and prospects of an appreciable improvement 
in the position seem remote. In the finished industries, 
sheet makers cannot deal satisfactorily with their 
delivery obligations and are fully sold over the first half 
of next year, while plate manufacturers have as much 
work in hand as they can deliver for some months to 
come. Firms turning out rails, chairs, points, and 
crossings, and other railway requisites have contracts 
that will ensure great activity of their plant well beyond 
the first quarter of 1947, and producers of pit props, 
arches and colliery roofings have well-filled order books. 

Scrap.—The scrap market is strong and active, a 
brisk demand for good cast-iron scrap being met. by an 
ample supply, and all parcels of good heavy steel scrap 








The iron and steel scrap market is steady. 


available in furnace sizes are eagerly taken up. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF BRITISH FOUNDRYMEN.—Falkirk Section: 
Friday, December 27, 7 p.m., Temperance Café, Lint 
Riggs, Falkirk. “ Vitreous Enamelling of Chemical 
Plant,” by Mr. J. Currie. Slough Section: Tuesday, 
January 7, 7 p.m., Messrs. High Duty Alloys, Trading 
Estate, Slough. “ Melting Furnaces.” Hast Anglian 
Section: Thursday, January 9, 7 p.m., Central Library, 
Ipswich. “ Short Visit to the United States,” by Mr. 
F. Tibbenham. Lancashire Branch: Thursday, Jan- 
uary 9, 7 p.m., College of Technology, Manchester. 
“ Apprenticeship Training,” by Mr. J. Gardner. Lincoln 
Section: Thursday, January 16, 7.15 p.m., Technical 
College, Lincoln. “ American Iron Foundry Melting 
Practice,” by Mr. W. J. Driscoll. 

INSTITUTION OF HEATING AND VENTILATING ENGIN- 
EERS.—East Midlands Branch: Wednesday, January 1, 
6.30 p.m., Victoria Station Hotel, Nottingham. ‘“‘ The 
Metering of Fluid Flow,” by Mr. A. Linford. Institution : 

Wednesday, January 8, 6 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, 8.W.1. 
“ Air Filtration,” by Mr. N. 8S. Billington. Manchester 
Branch: Monday, January 13, 7 p.m., Milton Hall, 
Deansgate, Manchester. “Unit Heaters,” by Messrs. 
H. Y. Turnbull and H. Hoyle. 

RvuGBy ENGINEERING SocreTy.—Wednesday, Jan- 
uary 1, 7.30 p.m., Corporation Electricity Department, 
Little Church-street, Rugby. ‘“‘ Engineering Finishes,” 
by Messrs. F. Widnall and R. Newbound. 

INSTITUTION OF PRODUCTION ENGINEERS.—London 
Section: Thursday, January 2, 6.30 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
8.W.1. “ Structure of Management,” by Mr. G. Chelioti. 
Yorkshire Section: Monday, January 6, 7 p.m., Hotel 
Metropole, Leeds. “Training in Industry,” by Mr. 
Peter Smith. Luton Section: Wednesday, January 8, 
7 p.m., Central Library, Luton. “ Sintered Carbides,” by 
Mr. H. Eckersley. Nottingham Section: Wednesday, 
January 8, 7 p.m., Victoria Station Hotel, Nottingham. 
“ Apprenticeship Training,” by Mr. B. P. Cooper. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
January 3, 5.30 p.m., Storey’s-gate, St. James’s Park, 





8.W.1. “ The Aeroplane Undercarriage,” by Mr. H. G. 
Conway. “ Aircraft Wheel Brakes,” by Mr. D. A. L. 
Robson. “ Development of Ultra High-Pressure Hy- 


draulic Systems,” by Mr. S. M. Parker. North-Eastern 
Branch: Monday, January 6, 6 p.m., Neville Hall, 
Newcastle-upon-Tyne. “An Axial-Flow Gas Turbine 
for Jet Propulsion,” by Dr. D. M. Smith. “ Cascade 
Wind Tunnel Research,” by Mr. K. Watson Todd. 
And at the Institution: Friday, January 10, 5.30 p.m., 
Storey’s-gate, St. James’s Park, S.W.1. 

LONDON ASSOCIATION OF ENGINEERS.—Saturday, 
Sanuary 4, 6.30 p.m., Charing Cross Hotel, W.C.2. 
Films: “ Magic Wand of Industry ” and “ Prevention and 
Control of Distortion.” 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, January 6, 6 p.m., James Watt 
Institute, Birmingham. “ Colonial Tel 
Systems and Plant,” by Messrs. C. Lawton and V. H. 
Winson. North-Western Centre: Tuesday, January 7, 
6 p.m., Engineers’ Club, Manchester. “ Design of High- 
Voltage Oil Circuit Breakers,” by Messrs. H. E. Cox and 
T. W. Wilcox. And at the North-Eastern Centre : Mon- 
day, January 13, 6.15 p.m., Neville Hall, Newcastle-upon- 
Tyne. London Students’ Section : Wedneniay, January 
8, 7 p.m., Victoria-embankment, W.C.2. “ Radio Trans- 
mitting Valves,” by Mr. A. Mason. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
January 7, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. “‘ Chemical Engineering Aspects 
of the Fischer-Tropsch Process,” by Dr. C. C. Hall and 
Mr. A. H. Taylor. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
January 7, 6 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, S.W.1. ‘“‘ Problems, of 
Cylinder Bore Wear,” by Mr. W. A. Robotham. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, January 7, 6.30 p.m., 39, Eimbank- 
crescent, Glasgow. ‘“ Recent Developments in Coal- 
Mining Practice,” by Mr. R. A. Moore. 

HULL CHEMICAL AND ENGINEERING SocreTy.—Tues- 
day, January 7, 7.30 p.m., Ohurch Institute, Albion- 
street, Hull. Presidential Address on “ Instrumentation 
in the Chemical Industry,” by Mr. E. E. Connolly. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
January 9, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“ Extensibility and Modulus of Rupture of Concrete,” by 
Professor R. H. Evans. 

INSTITUTION OF ENGINEERING INSPECTION.—Thursday, 
January 9, 6 p.m., St. Ermin’s Hotel, St. James’s Park, 
8.W.1. “Coloured Television,” by Messrs. L. ©. Jesty 








and J. E. B. Jacob. 
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LIGNITE PRODUCTION AND 
UTILISATION IN CANADA. 


Ir is well known that Canada possesses immense 
resources in water power, but her coal industries also 
are by no means negligible. In the Province of 
Saskatchewan, lignite is being mined to a considerable 
extent and in that area, as also in the Provinces of 
British Columbia and Alberta, there are very extensive 
reserves of this material. The present production in 
Saskatchewan is about 1,750,000 tons a year, which is 
additional to the bituminous‘ coal production in the 
British Columbia and Alberta fields. It is of interest 
to note that the present trend seems to be towards the 
chemical breaking down of lignite rather than towards 
its employment as fuel in the crude state. The lignite of 
Western Canada has not infrequently a woody, uneven, 
and somewhat porous texture. This is accompanied 


by a relatively high moisture content. Researches in 
the utilisation of a similar lignite are now taking place 
at Grand Forks, North Dakota, in the United States. A 
pilot plant bas been set up for gasifying lignite, the 
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resulting gas containing approximately 72 per cent. 
of hydrogen, the remainder consisting mainly of carbon 
dioxide. 

The separation of these two gases is not very 
difficult with an appropriate scrubbing technique, 
and hydrogen, in a practically pure condition, suitable 
for industrial or metallurgica] processes, is obtained. 
The use of Saskatchewan lignite as a source of cheap 
hydrogen may very well result in important changes in 
Canadian industry, since the kgdicaen might be 
employed as a reducing agent in iron or non-ferrous 
metallurgy of the oxide ores available in Northern 
Manitoba and North-Western Ontario. The employ- 
ment of hydrogen in the hydrogenation processes for the 
liquefaction of coal and for treating heavy oils has 
certain possibilities in the production 9f domestic 
heating oils, Diesel-engine oils, and similar fuels. The 
hydrogenation of vegetable oils, such as sunflower, 
rape-seed, linseed, etc., is a problem to which attention 
is being given. Briquettes from lignite char are being 
produced from Saskatchewan lignite, and while these 
are satisfactory on the whole, an inexpensive binding 
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agent or wegen equipment capable of producing 
briquettes to wit 
weather are yet to be found. : 
A,by-product of the manufacture of lignite briquettes 
is a creosote-type oil. At present this is not produced 
in sufficient quantity and at a low enough price to 
justify the la D 
necessary for the plant required to produce synthetic 
phenol resins from it. 
possible industrial field, as also does the manufacture of 
chemicals based on the benzene ag Another 
industrial field which, however, has n 
explored, is the 
wood stain from lignite waste. 
otherwise unusable lignite slack or a gelatinous earthy 
material often found in quantity near the lignite beds, 
and known as Leonardite, after the 
discovered it. It should be mentioned that the above 
notes are based on an article, by Mr. W. G. Cowie, 
in vol. 28, No. 4, of a review entitled Agricultural 
and Industrial Progress in Canada, published in Mont- 
real by the Canadian Pacific Railway. 


tand rough handling and severe 


capital expenditure that would be 
This, however, constitutes a 


— 
roduction of a permanent brown 
This waste may be 


logist who 
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SUBSCRIPTIONS. 


The price per copy of “ENGINEERING” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. At the same time, the 
edition printed on thin paper for foreign circu- 
lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 


Twelve months, including postage, for the 
United Kingdom and abroad £4 10s, 0d. 
and pro rata for six or three months. 


Canada, for twelve months, £4 5s. 0d. 


All current subscription orders will be com- 
pleted at the old rates. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
end in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
834 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS, 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

“Copy” instructions and alterations to standing 
oftiedeilels for display announcements must a 
received at least 10 days previous to the date of 
lication, otherwise it may be impossible to su 
proofs for approval. 

The Proprietors will not hold themselves 
for advertisers’ blocks left in their possession 
than two years. 
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OIL FUEL IN BRITISH 
INDUSTRY. 


THE past history of the inter-relationship between 
coal and oil in this country is one of implacable 
competition between the two industries. This 
competition has covered not only the technical 
fields, in which it is reasonable and proper that 
there should be competition, but has led to compe- 
tition of a commercial character which may, on 
occasion, possess undesirable features. Least desir- 
able of all, it has been carried into the political field. 
The new policy of the Government in removing the 
tax from oil and in encouraging the use of two million 
tons of fuel oil during the current year, in addition 
to the million tons previously used, makes it oppor- 
tune that there should be a re-examination of the 
nation’s fuel allocations as a whole. The Minister 
of Fuel and Power is understood to have expressed 
the view that, when the fuel industries have been 
nationalised, the next step will be to institute a 
co-ordinated fuel policy—a step for which fuel 
technologists generally have been asking for many 
years. Where is the place for oil fuel in such a 
policy ? 

The attitude of the coal-owners between the two 
wars with Germany was that output should be 
maintained and increased to the utmost possible 
extent, irrespective of the purpose for which the 
coal was used. For this, the coal-owners were 
blamed loudly and persistently by fuel techno- 
logists, whose interests lay primarily in the efficient 
utilisation of fuel. The coal-owners, however, had 
much justification for their attitude. In 1913, the 
output of coal in this country was 287 million tons, 
of which 73 million tons were exported and 21 million 
tons went into ships’ bunkers. Then came war, 
and, with the coming of war, the value of oil fuel 
for ships became evident ; so the coal industry lost 
a considerable amount of its bunker trade and half 
it | of the export trade. The expansion of the oil 
industry, moreover, caused greater quantities of 
Je | fuel oil to be produced, since the production of 
ore | fuel oil is governed by the demand for the higher- 
priced oil derivatives, such as petrol. 








For various reasons, the coal a tees found itself 
in bad shape after the war of 1914-18. What had 
been a comfortable profit was turned into either a 
deficit or a profit so small that the least increase 
in mining cost would turn it into a loss. In 1913, 
for example, the profit on commercially disposable 
coal was ls. 64d. a ton, whereas, during the years 
1925-28, there was a debit balance, and between 
1929 and 1935 the average credit balance was only 
4d. a ton, of which 3d. had to be deducted for 
interest on loans. This was due, to some extent, 
to the drop in production, which fell to approxi- 
mately 210 million tons in the years 1931-33. This 
reduction in output put many miners out of work 
and caused widespread distress in the coalfields, 
in addition to loss of the interest on the capital 
invested by the shareholders, It is hardly to be 
wondered at, therefore, that the coal industry of 
that period did everything in its power to discourage 
the use of fuel oil in this country. The coal industry 
won a fight with fuel oil when the Government, ia 
1933, imposed the tax of a penny a gallon on fuel 
oil and thereby, as all the available evidence shows, 
effectively prevented further encroachments of oil 
into the field then held by coal. 

In the intervening years, much has happened. 
The price of coal rose sharply after the first German 
war and it has-risen even more sharply after the 
recent war. The cost of production, which was 
16s. 1d. a ton in 1938, rose, aecording to official 
statistics, to 35s. 1ld. by 1945, though the credit 
balance of mining rose only from ls. 4d. to ls. 7d. 
aton. On the other hand, the cost of oil production 
at the wells tended rather to decrease during that 
period, by reason of technical improvements. It is 
true that the c.i.f. price of fuel oil increased during 
those years from 43s. a ton to 84s. a ton, due mainly 
to a fall in the dollar rate and to increased freight 
charges; but freight charges have been moving 
downwards during the past year. The oil tax has 
been removed. Coal, instead of being over-plentiful, 
has become scarce. The dollar, however, is still 
moving against the pound. These facts suggest 
that economic factors are tending to favour oil, 
and that, whereas cheap coal and taxed oil provided 
the right economic background for the exclusive 
use of coal and the products derived from coal, 
there may be to-day an increasing number of uses 
for which oil fuel has the advantage over coal. In 
order to take advantage of this possibility, however, 
it is clearly necessary to obtain oil from countries 
that are linked to sterling, such as certain parts of 
the Dutch-owned oilfields, and the Middle East oil- 
fields which refine most of their oil at Abadan. 

Coal is undoubtedly an industry of supreme 
value to the nation, since the whole of British 
industrial manufacture is based upon the use of 
heat and power, which, for most purposes, can be 
derived only from coal. it must not be forgotten, 
however, that the oil industry is also highly impor- 
tant; the British-owned oil industry abroad 
probably represents, to-day, the nation’s principal 
source of foreign assets. While the Government 
must do all in their power to foster the coal industry, 
therefore, it is evident that they must also maintain 
the British oil companies at a high level of pros- 
perity. Mr. Shinwell, the Minister of Fuel and 
Power, has stated that Britain can obtain all the 
oil necessary from sterling sources; the principal 
source, obviously, must be Abadan. The Abadan 
refineries supply the markets of the East, of India 
and of South Africa, and, being in a sterling area, are 
naturally called upon to supply the needs of British 
companies all over the world. The cost of transport 
from Abadan, however, is nearly ll. sterling a ton 
greater than the cost of transport from the Gulf 
of Mexico, and since Gulf prices must continue to 
govern world oil prices, it might not be particularly 
attractive, but for the unfavourable dollar exchange 
rate, for the oil companies to import Abadan oil 
into this country. Moreover, the oil industry, 
which normally produces about 110 million tons of 
fuel oil annually, has no apparent difficulty in 
disposing of the whole of its output. Any increase 
in the quantity of lighter oils required for the 
internal-combustion engine will tend to increase 
the output of fuel oil. Over past years, the ten- 
dency to crack fuel oils for the production of lighter 
oils has led to a reduction in the quantity of heavy 
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oil available for fuel purposes. It seems, however, 
that the economic limit of cracking may have been 
reached. All this adds up to the conclusion that, 
at the moment, there is no internal pressure on the 
part of the oil industries to dispose of fuel oil. 
Certainly, there is no likelihood that fuel oil will be 
“dumped ” in this country ; it should be reserved, 
in fact, for those purposes for which it is best suited. 
At present, it is not always applied to its best use, 
but that is a matter which should be watched under 
any properly co-ordinated national fuel policy. 

The point of view of the user of fuel oil must not 
be neglected. The chances are that, for the next 
few years, the output of the mines may fall so far 
short of the demand that firms may be unable to 
obtain sufficient coal to keep their works in full 
production. Conversion to fuel oil, within the 
limits of the available supply, would thus be in the 
nature of an insurance against the calamity of 
falling production at a time when increased produc- 
tion is a paramount necessity. At the expiration 
of that time, probably, conditions will have changed 
from the sellers’ market, as at present, to a buyers’ 
market. The cost of production will then be of the 
utmost importance and it is essential that nothing 
should be done to handicap British manufacturers 
by increasing their cost.of production unnecessarily. 
Already the United States enjoy much cheaper coal 
than is delivered to British industries. Mr. G. H. 
Latham, speaking just a year ago, said: ‘‘ The 
average price of coal delivered to steelworks in 
America is approximately 20s. a ton, as compared 
with 40s. a ton in this country. This item alone, 
therefore, at the present time accounts for 2I. 
advantage to our American friends in the course 
of making a ton of steel.” It is believed that there 
are many processes for which fuel oil is found, for 
various reasons, to he more suitable than solid fuel, 
and to result in lower costs of productoin. The 
British manufacturer must learn to use whatever fuel 
is available with the highest possible efficiency, but 
when this condition has been fulfilled, it must be 
a part of the Government policy (even though the 
Government own the coal mines) to supply manu- 
facturers with the fuel best suited to their needs. 

Under the new conditions of nationalisation, the 
coal industry can take a point of view altogether 
different from that ruling before 1939. Then 
there were many hundreds of individual companies, 
each one of which had to ensure that its particular 
undertaking maintained as high a level of production 
as possible. To-day, and for the future, the National 
Coal Board will be able to take a single balanced 
view of the whole industry. The main efforts of 
that Board will surely be directed no longer to dis- 
posing of as much coal as can possibly be brought 
to the surface ; the objective will rather be to treat 
the coal as the nation’s severely limited reserve of 
fuel and power, to be put to the best poasible use. 
Under that policy it will no longer be a major 
disaster if some fuel oil enters the country. Both 
the coal and oil industries, therefore, will be in a 
position to take a balanced view of the use of their 
fuel. It must be kept in mind, however, that, 
even though coal is dear, oil is still dearer, both per 
ton and per therm ; and the purchase of oil involves 
spending part of the nation’s limited overseas 
income. The guiding principle, therefore, must be 
not to use oil for purposes for which home-produced 
fuel is equally suited. There must be a second 
guiding principle, however, which is that each fuel 
should be employed for those purposes for which it 
is particularly suited. 

It would seem, therefore, to be timely that there 
should be a new a h to the economics of 
importing oil fuel. The problem should be removed 
from the sphere of politics and of purely commercial 
competition, based on high-pressure salesmanship. 
Competition there must be if progress is to continue, 
but that competition must be based on technical 
and economic factors only. It should be possible 
for the technical experts of the coal and oil industries 
to decide in which fields oil could be used in this 
country and for which purposes it is fundamentally 
better that coal or other home-produced fuel should 
be used ; but, at the same time, there should be no 
cessation of technical effort, and those engaged in 
the utilisation of fuels. of all kinds should continue 
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THE PROGRESS OF 
ELECTRICITY SUPPLY. 


THE main pre-occupation both of’ electricity 
supply companies and municipalities operating 
electric systems is probably concerned with the 
possible terms of the Act under which their under- 
takings are to be nationalised. The consumer, 
however, both industrial and domestic, may be 
pardoned for devoting more attention to the question 
of how long it will be before the company or muni- 
cipality provides the continuous electric service 
which they have contracted to furnish. There may 
be a general understanding of the fact that the pre- 
sent situation is due to a shortage of generating 
plant, but public interest is naturally concerned to 
know how long this is likely to last. The hortatory 
pronouncements broadcast by the B.B.C. at the 
instigation of the Central Electricity Board, are no 
doubt necessary, but they are earrying little comfort 
for the user of electricity, who, apparently, must 
accept the fact that, in Mr. Churchill’s phrase, 
** things will be worse before they are better.” 

General information about the power-station 
position is contained in the annual reports of the 
Central Electricity Board, but for detailed particu- 
lars of the output and capacity of the various 
generating stations eoneing ere supplies, which 
in 1943 numbered 365, reco must be had to the 
returns which, up till 1939, were published annually 
by the Electricity Commission. In common with 
that of many other official documents, the issue of 
these returns was suspended at the outbreak of 
war, but as far as possible the statistical records on 
which they are based were maintained. Publication 
has now been undertaken again, and combined 
returns covering the years 1938-39 to 1942-43 have 
appeared,* and it is stated in the preface to the 
document that returns for the years 1943-44 and 
1944-45 are in course of preparation. It will pro- 
bably be a general convenience that this first 
resumed return should have been planned to cover 
a five-year period,’so taking the place of five inde- 
pendent reports. A cursory examination of the 
return will explain why it has not appeared until 
more than a year after the termination of the war. 
It forms a document of 592 pages, by far the greater 
number of which are occupied by tabular matter, 
and the analysis and arrangement of the enormous 
mass of statistical material which is incorporated 
must have represented a labour of great magnitude. 

Although the reason why the return has not been 
carried farther than 1942-43 is easy to understand, 
this does not alter the fact that it forms but a 
partial guide to an analysis of the present position ; 
this will be assessed better when the promised 
returns for later years become available. Although 
the return is in a sense mainly of historical interest, 
it does illustrate the first stages of the process which 
has led to the present state of affairs. The total 
installed capacity of generating plant which in 
1937-38 was 8,913,478 kW, rose to 11,679,042 kW 
in 1942-43, an increase of 31 per cent. The aggre- 
gate of the individual maximum loads increased 
from 8,003,228 kW to 9,544,233 kW, or by 19 per 
cent. These figures suggest that there was ample 
generating capacity available in 1943 and there is 
no reason to suppose that any restrictions were 
placed on consumers at that time, but in considering 
these figures it must be remembered that they 
represent installed capacity and not necessarily 
availability. 

The service rendered by the electricity-supply 
industry is illustrated by the fact that the total 
sales during the period covered rose from 20,828 
million units to 30,049 million units, or by 44 per 
cent., the combined load factor, based on units 
generated, increasing from 35-4 per cent. to 42-2 per 
cent. Naturally, in view of the industrial effort, 
power supply showed the greatest increase, rising 
from 10,757 million units to 19,434 million, or by 
8l percent. For reasons not so easy to understand, 
supplies for lighting, heating and cooking showed an 
increase of 12 per cent., and in 1942-43 represented 

* Electricity Commission, Electricity Supply 1938-39 
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31-44 per cent. of the total. As the amount of new 
domestic installation work must have been small 
during these war years, the increased consumption 
was presumably caused by greater use of existing 
appliances, possibly owing to difficulty in obtaining 
adequate deliveries of coal and coke. The figure 
for lighting, heating and cooking does not include 
public lighting ; this latter, owing to the restrictions 
which were in force, allowed some supply to be 
diverted to other sources, but the amount concerned 
was small. In 1938-39, 1-82 per cent. of the units 
sold were used for public lighting ; in 1942-43, the 
percentage was 0-07. Some small saving was also 
effected in traction, the units decreasing from 
6-02 per cent. of the total to 3-82 per cent. The 
great difference between these figures is, however, 
due to the increase in the overall total; traction 
supplies actually decrease but little, falling from 
1,253-6 million units to 1,147-7 million uhits. 
These figures refer only to authorised undertakers 
and do not include supplies furnished by railway and 
tramway generating stations. 

In connection with the relation between the 
domestic and the power loads, which is appar- 
ently the crucial factor in the present situation, it 
may be noted that appeals for economy in the 
domestic field, made during the war, were not with- 
out effect. The figure quoted above for the 
domestic load in 1942-43 is less than that of 1941-42 
by 530 million units. In the latter year this demand 
constituted 35-7 per cent. of the total, This per- 
centage in fact fell continuously over the five years 
from 40-51 to 31-44, but this effect was mainly due 
to the steady rise in the grand total. The year 
1942-43 was the only one which showed a decrease 
in the domestic load over an earlier year, and even 
then it was 560 million units greater than in the 
year 1940-41. For information about later trends 
in this matter, later reports must be awaited, but 
an interesting point bearing on the subject may be 
mentioned ; it may help to explain the cultivation 
of the domestic load which was undertaken by so 
many supply authorities in the past. In 1942-43, 
the domestic load represented 31-44 per cent. of the 
units.sold and the power load 64-67 per cent. In 
the same year the domestic load brought in 51-03 
per cent. of the revenue and the power load 45-95 
per cent. 

The beginnings of the present trends of costs are 
illustrated in the report. In 1938-39, working 
expenses absorbed 54-8 per cent. of the revenue ; 
in 1942-43 they absorbed 61-1 per cent. Works 
costs in the latter year were 52 per cent. of the total 
working expenses, as compared with 36 per cent. 
in 1938-39. These effects were, no doubt, largely 
due fo the rising cost of fuel and to wage and salary 
increases. The average cost of coal and coke, 
including the casts of handling, preparation and ash 
disposal, rose from 20s. 4d. per ton to 33s. 6d. per 
ton. The total for salaries and wages, including the 
Central Electricity Board, increased from 17,958,0000. 
to 23,456,0001., although the total number of 
employees decreased from 109,000 to 90,000. Of 
the total output, 96 per cent. was generated under 
the directions of the Central Electricity Board in 
1942-43, the figure for 1938-39 being 90-8 per cent. 
The number of authorised undertakers supplying 
electricity decreased from 577 to 571, and the 
number of generating stations from 387 to 365. 

It is not easy to trace from the detailed tables 
the influence on electricity supply of the movement 
of population and industry towards the west, which 
took place during the war. This is doubtless due 
to the‘fact that bulk supplies were transmitted over 
long distances. In the case of the London Electric 
Supply Corporation, the smaller London population 
resulted in the units sold for domestic purposes 
falling from 31,982,000 to 24,198,000, while the 
power units also decreased from 44,171,000 to 
41,385,000, but in the case of the Kent Electric 
Power Company, which might have been expected 
to exhibit similar effects, domestic units increased 
from 16,595,000 to 24,346,000. Power units also 
increased, but to a much smaller extent, rising from 
151,290,000 to 154,856,000. The trend in the west 
may be illustrated by the Lancashire Electrio Power 
Company, the sales of domestic units of which rose 
from 28,818,000 to 42,677,000 and of power unite 
from 258,200,000 to 451,409,000. 
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of ‘‘ The Guests,” proposed by Mr. F. L. Daniels, 
were Mr. W. C. Waghorne, chairman of the British 
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InstTITUTION OF MgcHanicaL ENGINEERS. 


THE general meeting of the Institution of Mecha- 
nical Engineers, held at Storey’s Gate, St. James’s 
Park, London, 8.W.1, on Friday, December 13, was 
notable as being the occasion of the delivery of the 
first. Agriculture Lecture. This lecture has been 
rendered practicable by the formation of the 
“‘Engineering Applied to Agriculture Fund,” 
formed in 1940 from a donation from Mr. W. P. F. 
Fanghanel, M.I.Mech.E., in memory of his son, 
Paul Robert Fanghanel, who, prior to his death by 
accident, intended to enter the agricultural engineer- 
ing industry professionally. The chair at the 
meeting was occupied by the President, Mr. O. V. 8S. 
Bulleid, and the lecture was delivered by Mr. S. J. 
Wright, M.A., Director of the National Institute of 
Agricultural Engineering. Mr. Wright first gave 
an account of the historical side of the subject, in 
the course of which he referred to a paper contributed 
to the Institution as far back as 1856 and entitled 
“The Application of Steam Power to Agricultural 
Purposes.” The early work of the engineer was 
directed to ploughing and other methods of soil 
cultivation. The development of machines for other 
purposes, such as reaping and threshing, was 
described and illustrative figures of the saving of 
labour by the adoption of machinery were given. 
Neglecting the intermediate steps, it is of interest 
to note that if the present normal rate of harvesting 
and threshing a 6-quarter crop of wheat, that is, 
10 acres per day, had been adopted as a standard in 
1840, a total of 126 men would have been required. 
In 1940, the same amount of work could have been 
done by the combine harvester with a labour force 
of 3 men only. The problems of machine sowing 
and the apparatus used were then discussed, 
followed by a description of the methods of mecha- 
nical harvesting of root crops, for example, potatoes 
and sugar beet. These operations are normally 
much more difficult than the harvesting of standing 
crops such as wheat, barley and oats, and the 
ingenuity of the machines already evolved and in 
course of development well illustrate the extent to 
which the engineer can contribute to the well-being 
of agriculture. The lecture concluded with a 
reminder that agriculture covered so wide a field that 
it has only been possible to touch upon a few of its 
aspects. Much still remained to be done, and the 
young mechanical engineer would find much of 
interest in considering how he could devote his 
training to the service of the country’s oldest and 
greatest industry, that of agriculture. At the con- 
clusion of the lecture, a vote of thanks was accorded 
by acclamation on the motion of Sir Claude Gibb, 
C.B.E., F.R.S., vice-president, seconded by Dr. S. F. 
Dorey, C.B.E., member of Council. 


Britiso Cast Iron RESEARCH ASSOCIATION. 


A luncheon commemorating the silver jubilee of 
the foundation of the British Cast Iron Research 
Association in 1921 was held at the Connaught 
Rooms, Great Queen-street, London, W.C.2, on 
December 11. In the course of an address, further 
reference to which is made on page 595 of this 
issue, the President, Dr. Harold Hartley, stated that 
the Association had been incorporated on June 1, 
1921, and the first few years of its existence had been 
a period of tribulation. After 1924, when the first 
laboratory was opened, however, signs of progress 
became more apparent. The premises in St. Paul’s- 
square, Birmingham, first occupied in 1927, had 
remained the headquarters of the Association until 
the move to the present site at Bordesley Hall, 
Alvechurch, Birmingham had been made in 1942. 
During the past 25 years the technique of iron 
founding had altered very considerably and in this 
development the Association had played no mean 
part. Until the war of 1914-18, cast iron having a 
tensile strength of 15 to 18 tons per square inch 
was exceptionally good, whereas, at the present time, 
material having a tensile strength of 30 tons per 
square inch, and even higher, was commercially 
available. In proposing the toast of the President, 
Mr. L. H. Keay, O.B.E., President of the Royal 
Institute of British Architects, referred to two 
examples of ‘the use of cast iron in which it was 
doubtful whether any other material could have 





Giles Gilbert Scott, and the Crystal Palace. Com- 
pared with its elegant iron prototype, the concrete 
telephone kiosk, said Mr, Keay, was an artistic 
failure, and it’ was a practical certainty that a 
Crystal Palace built of reinforced concrete would 
not have achieved the lightness and elegance of 
Paxton’s masterpiece. Mr. W. Leonard, M_P., 
Joint Parliamentary Secretary to the Ministry of 
Supply, who proposed the toast of “The Iron- 
Founding Industry,” stated that the output of iron 
castings was now approximately 2} million tons a 
year, but it was desired to raise it to 3} million tons 
as soon as possible. The industry was responsible 
for the employment of 120,000 persons and needed 
more; in fact, since the war, there had been a 
serious shortage of labour, coupled with a heavy 
demand for the products of that labour, particularly 
in connection with the building industry. It might 
be that the time was ripe for the industry as a whole 
to support the British Cast Iron Research Associa- 
tion by means of an equitable form of levy. He 
believed that the Government would consider 
sympathetically any request for assistance in con- 
nection with the operation of a levy scheme which 
commended itself to the great majority of the 
industry. The last speaker, Mr. P. H. Wilson, 
O.B.E., M.I.Mech.E., chairman of the Council 
of the Association, said that the director, Mr. J. G. 
Pearce, M.Sc., F.Inst.P., M.I.Mech.E., had now 
completed 21 years of service to the Association. 
To mark the occasion, he presented an inscribed 
silver salver to Mr. Pearce. 


CENTENARY OF Messrs. T. H. anp J. DANIELs, 
Lim1TED. 


The general engineering firm of T. H. and J. 
Daniels, Limited, of Lightpill Ironworks, Stroud, 
Gloucestershire, attained their centenary in 1940. 
The war prevented any celebration of the event at 
that time, but the enforced deferment certainly 
enabled a much larger gathering to participate in 
the commemorative dinner, held in Cheltenham on 
Wednesday, December 11, than would have been 
practicable while hostilities continued. The busi- 
ness was started by Thomas Daniels, grandfather 
of the present senior directors, Mr. J. Stuart Daniels 
(chairman) and Mr. F. L. Daniels, and has been 
conducted throughout by members of the family— 
a record which is reasonably assured of continuance 
to the fifth generation. Originally, the firm were 
millwrights, but gradually the scope of their opera- 
tions was extended to the construction of steam 
engines, pressure and suction gas plants, pumps, 
and, more recently, centrifuges, water-treatment 
plant, dust collectors, die-casting machines, auto- 
matic boiler-control gear, and plastics machinery 
of the pressure-moulding and injection-moulding 
types. Much experimental and special work has 
been undertaken also, including the early Still 
engines, the late Dr. Hele-Shaw’s variable-speed 
transmission gears and his ‘‘ Stream-line ” filter, 
and Captain George Eyston’s superchargers for 
aero engines. By contrast with their later products, 
involving great accuracy and close limits, it was 
particularly interesting to hear at first hand, from 
Mr. J. S. Daniels, his recollections of the activities 
of the firm, extending over 58 years. When he 
entered the works, said Mr. Daniels, in reply to the 
toast of ‘‘ The Company,” proposed by Mr. Frank H. 
Farrer, managing director of the Villiers Engineering 
Company, the firm employed only 35 men—not 
much more than 5 per cent. of its eventual personnel. 
The limitations of the plant available made it 
essential that the majority of them should be first- 
class craftsmen, capable of turning their hands to 
anything; as they were able to do, because there 
was no such rigid demarcation between trades as 
obtained at present. Modern conditions produced 
different kinds of skill, but he regretted greatly the 
tendency to eliminate the old kind of craftsmen. 
The toast of “The Engineering Industry,” proposed 
Mr. G. Trevor Wellington, C.B.E., was acknow- 
ledged by Mr. J. Foster Petree, who represented the 
Newcomen Society, and who stressed the importance 
to the industry of “family firms,” relying upon 
their own resourcefulness and bearing their own 
responsibilities. The five responders to the toast 





Plastics Federation; Mr. E. R. V. Porter, O.B.E., 
representing the Amalgamated Engineering Union ; 
Professor Andrew Robertson, F.R.S., Dean of the 
Faculty of Engineering, Bristol University; Mr. 
Fred Archdale, managing director of Messrs. James 
Archdale and Company—another family concern, 
as he mentioned, dating from 1860; and Mr. 
Webster Plass, of the Sharples Corporation, Phila- 
delphia, U.S.A., whose emphasis on the need for 
close collaboration between Britain, “‘the most 
powerful debtor nation in the world,” and the 
United States, “‘the most vulnerable creditor 
nation,” was vigorously acclaimed. 


Jet-ENGINED TAILLEss AIRCRAFT. 


As a result of considerable research during the 
past four years, under the direction of Mr. J. Lloyd, 
Sir W. G. Armstrong Whitworth Aircraft, Limited, 
have produced a jet-engined tailless aeroplane. 
It is expected that this machine, which has been 
built at the Baginton works of the company, near 
Coventry, will be given its first trials from the 
Ministry of Supply experimental establishment at 
Boscombe Down early in the New Year. It has 
been developed from a full-scale section of a wing 
which was tested for laminar flow air drag in a 
wind tunnel at the National Physical Laboratory, 
and from a tailless glider with an all-up weight of 
6,000 lb, and a span of 53 ft. The latter machine 
was illustrated on page 283 of ENGINEERING of 
September 20, 1946, and the illustration gives a good 
idea of the appearance of the new aircraft. As a 
result of this preliminary work, it was decided to 
build a medium-sized aircraft weighing about 
30,000 Ib., with a span of 90 ft., the outer wings being 
swept back at an angle of about 35 deg. The wing 
loading is 25 lb. per square foot. The new aircraft, 
which is known as AW52, is equipped with two 
Rolls-Royce Nene jet engines, each of which has a 
static thrust of 5,000 lb. The pilot’s compartment is 
pressurised for high-altitude flying and an automatic 
device will shoot the pilot clear of the aeroplane in 
emergency, even at high speeds. Performance will 
be recorded by automatic observers, so that it will 
be possible to obtain full information regarding the 
control forces and angular displacements. Longi- 
tudinal and lateral control is achieved by one con- 
trol surface on each wing, which carries out the same 
duties as the normal elevator and aileron. The 
wing comprises an outer skin, which is stiffened 
internally by corrugated stringers. Great care has 
been taken to secure a smooth external surface, 
the variations in which, it is claimed, do not exceed 
two thousandths of an inch from the ideal. The 
estimated maximum speed of the machine is 550 
m.p.h., with a cruising speed of 500 m.p.h. at 30,000 
ft. As at present built, the machine has very 
limited carrying capacity, but it is hoped that it will 
provide information which will enable tailless aircraft 
weighing between 90 and 100 tons to be constructed. 


Junior INSTITUTION OF ENGINEERS. 


The irsugural meeting of the 66th session of the 
Junior Institution of Engineers was held in the 
library of the Royal Society of Arts, London, W.C.2, 
on Friday, December 13. In the absence in Canada 
of the retiring President, Sir George Paget Thomson, 
F.R.S., the chair was taken by Mr. W. A. Tookey, 
M.Inst.C.E. (past president), who presented the 
awards for papers presented during the 1945-46 
session. These were as follows: Institution Premier 
Award, Mr. R. M. Cracknell, M.B.E.; Institution 
Prize, Mr. C. G. Reynolds, B.Sc. (Eng.); Vickers 
Prize, Mr. B. T. Turner ; Tookey Award, Mr. C. A. 
Hobson ; Riddle Memorial Prize, Mr. L. S. Atkin- 
son; Dunn Medal, Lieut. G. Watson Brown, 
R.N.V.R. ; Durham Bursary, Mr. W. J. Kease ; and 
North-West Section Prize, Mr. H. Smethurst. A vote 
of thanks to the retiring President was proposed by 
Mr. L, S. Atkinson (past chairman) and seconded 
by Mr. P. W. Dunn (vice-chairman). Mr. Tookey 
next inducted the new President, Major-General 
A. W. Sproull, C.B.E., B.Sc. (Eng.), who then 
delivered a presidential address on the subject of 
“Inspection,” with special reference to the duties 
of the Chief Inspector of Electrical and Mechanical 
Equipment, with which he had been personally 
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concerned during’ the recent war. Since 1888, said 
Major-General Sproull, the inspection of stores for 
Army purposes had been completely divorced from 
manufacture, both as regards supplies from Govern- 
ment sources, and those from the trade. Prior 
to September 28, 1942, this inspectorate was con- 
cerned only with Engineer and Signal Stores, the 
name being changed when the inspection of mecha- 
nical transport vehicles and trailers for all three 
Services was transferred from the Chief Inspector, 
Mechanisation. Even so, the new title hardly 
expressed the extent of the duties of the inspec- 
torate, which ranged over jerricans, food packs, 
insecticide sprayérs, and prefabricated covering 
for airfields among a great variety of other stores 
which were neither electrical nor mechanical. The 
organisation comprised a Headquarters which 
provided common services such as drawing offices 
and laboratories, the issue and repair of gauges, 
and workshops, and included an Equipment Branch 
dealing with contract demands, specifications, 
drawings and part lists, etc.; and three Divisions 
each under a Deputy Chief Inspector (Engineer, 
Telecommunications, and Vehicles). The maximum 
strength of the department was 5,339, and at one 
period inspection notes were being cleared at an 
average rate of over 20,000 a week. In one year, 
the Engineering Division inspected over 2001. 
million of new stores. The preparation of parts lists 
was a major task ; for one wireless set alone the list 
contained 177 pages, and 14,000 copies were 
required. The consolidated list of nuts, bolts and 
washers consisted of 750 pages, and consumed 20 
tons of paper. The Bailey bridge programme even- 
tually accounted for about 400,000 tons of steel. 
Of the 696,544 Bailey bridge panels produced, 
494,925 were tested by the department ; the firms 
engaged numbered 51. Of the 48,248,957 complete 
jerricans made in this country, all were tested, and 
only about 2,000 were found to leak under test. 
A vote of thanks to the President for his address, 

by Mr. Rex Wailes (chairman) and seconded 
by Mr. H. M. Lees (vice-chairman) was carried by 
acclamation. 


BrrrisH Coat UTILISATION RESEARCH ASSOCIATION. 

Speaking at a luncheon held at the Dorchester 
Hotel, London, on December 12, on the occasion of 
the ninth annual meeting of the British Coal Utilisa- 
tion Research Association, the President, Mr. R. W. 
Foot, said that the whole of the Association’s work 
was ultimately directed towards improvements in 
efficiency in the use of fuel whether it be in the 
domestic. grate, the Lancashire boiler, the steel 
furnace, or the electricity generating station. The 
mutual co-operation of the producer and consumer 
was regarded by the Mining Association as being 
of the utmost importance. It had always been the 
hope and wish of the Mining Association that, on 
the vesting date for the nationalisation of the mining 
industry, the National Coal Board would continue 
the Mining Association’s policy of maintai 
very close relations with the British Coal Utilisation 
Research Association. It was therefore with the 
greatest pleasure that he was able to announce 
that the National Coal Board had accepted the 
principle that, as from January 1, 1947, the Board 
would take the place of the Mi Association 
in their relations with the Research Association. 
He felt convinced that this was a wise decision, and 
one which must prove to the great and lasting 
advantage, not only of the Research Association 
itself, but of the coal industry and of the nation 
which that industry existed to serve. In addition, 
the Board were taking over the operations of the Coal 
Utilisation Joint Council, which applied the results 
of research on coal, and also the work and staff of the 
British Colliery Owners Research Association, which 


was concerned with safety and health questions | .°. 


underground, and mining problems generally. 
The only other speaker at the luncheon, Lord Hynd- 
ley, chairman of the National Coal Board, said 
that the work undertaken by the Research Associa- 
tion would be extended eventually into a number of 
new fields. In addition to the present programme 
of work, research would be put in hand on various 
problems connected with the production, marketing, 
sizing and standardisation of fuels. The Board 
would be glad to have the continued assistance of 
the Mining Association for some time to come. 
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LETTERS TO THE EDITOR. 


FEED DISTRIBUTION AND 
HUNTING IN MARINE 
WATER-TUBE BOILERS. 

To THe Eprror or ENGINEERING. 

Smr,—Certain views among those expressed in the 
discussion of Mr. Hillier’s interesting paper on 
“Feed Distribution and Hunting in Marine Water- 
Tube Boilers,” seem of particular importance, 
inasmuch as, if correct, they cast considerable doubt 
upon the validity of his explanation of the cause 
and cure of hunting. They are as follows :—(a) that 
saturation temperature cannot be reached by the 
droplets of feed water in falling 8 in. or so through 
the steam in the drum ; (}) that observations show 
that the change in the overall gauge level during 
hunting corresponds to the change of level shown 
in the water gauges, and that this is inconsistent 
with the given theory of the cause of hunting since 
the overall gauge should indicate circulation changes; 
(c) that in the Vanguard boiler hunting occurred 
even with feed pots, if the pressure difference across 
the feed check exceeded 50 lb. per square inch. 
That the feed pots then showed signs of having 
overflowed, thereby indicating that the cause of 
hunting is loss of damping effect considered to be 
provided normally by the varying head in the pots, 
against instability in the feed system. 
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The following considerations, which represent a 
brief investigation of these views, suggest that 
saturation temperature may indeed be reached in 
the droplets, and that the observed effects (b) and (c) 
are not necessarily inconsistent with Mr. Hillier’s 


If the value 3,200 B.Th.U. per hour per square 
foot per deg. F. can be accepted for the coefficient of 
heat transfer h from the steam to droplet, and if 

r = radius of droplet, 

Aand B = temperature difference between the drop- 
let water and the steam in the drum at 
inlet to the steam space and at water 
level, respectively, 

= the time for the droplet to fall 8 in. 

= density of the water, 

and ¢, = specific heat of the droplet water, 


then 
= wr p Op (A — B) ~ none (AS ae =) t 
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horizontal projection of the droplets 
at inlet and fall influenced by gravity alone, t = 
0-2 second, and if the droplet diameter is, say, 
tin., then B= 0-1 A. 

Thus, if the feed temperature on entry into the 
steam space is 50 deg. F., or 150 deg. F’. below satura- 
tion temperature, its value at the water level should 
be 5 deg. and 15 deg. F., respectively, below satura- 
tion temperature. The actual value of ¢ should be 


rpCy 





much greater than 0-2 second, since the droplet is 
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falling Sania a medium which is of considerable 
density and has an upward velocity. Saturation 
temperature should therefore still be reached even 
should the heat transfer coefficient be much less 
than the value stated, or the drops larger. 

Assuming that separation occurs of steam and 
water in the drum (to the extent induced by an 
augmentor) then for the following purpose it is 
sufficiently accurate to regard the density of the 
water in the downcomers and in the overall gange 
as equal. 





If h, = height of column in overall gauge, 
h = height of column in boiler, 
d = specific weight of the water in the over- 


all gauge and in the downcomers, 
d, = specific weight of the steam and water 
mixture in the risers, 
A p, and A p, = pressure drop due to flow through 
downcomers and risers, respectively. 


Since the pressure is approximately the same at 
the points A, B and C, in the accompanying dia- 
gram, then 

had =hd — Appz =hdg + Avg 
A Pp hdo | A no 
re leery Mette or Tyra acl aie 

Consider the equation 

a ~b — 228 
A d ° 

If swelling occurs, then h is increased. A pz also 
is increased but with a time lag because of inertia 
resistance to changes in the rate of flow. Thus h, 
will be increased to the same extent as h as a first 
effect and will then reduce to some extent as a 
secondary effect. If steady conditions could be 
attained, t.e., no swelling or subsidence, feed regula- 
tion would bring A approximately to its original 
value, but the increase in A p, would remain and h, 
would have less than its original value. The level 
in the water gauges will rise with swelling to the same 
extent as the increase in h. If steady conditions 
are attained this level is returned nearly to its 
original value. Since during hunting steady con- 
ditions are never reached, and if there is continuous 
alternate swelling and subsidence, then it would 
seem that the first effects should predominate and 
that the levels in the overall gauge and the water 
gauges should rise and fall by nearly the same 
amount. 

The greater the pressure difference maintained 
across the feed check valve, the smaller the opening 
of the latter for a given rate of feed flow. Conse- 
quently, the stability of feed regulation could be 
impaired by excessive pressure difference, and 
sufficiently so for a sudden reduction in water level 
to cause overflowing of the feed pots. When this 
occurs, the unatomised water running down the 
sides of the pots may be insufficiently heated 
before entry into the circulation system and so 
initiate h The alternative suggestion is 
that hunting follows from loss of the damping 
effect provided by the varying head in the pots. The 
maximum variation of this head from the mean 
value is perhaps 10 in. The corresponding damping 
effect against surging in the feed system is surely 
inappreciable compared with that offered by the 
frictional resistance to change of rate of flow through 
the system. 

Yours faithfully, 
F. J. Kiya, 
Lieut.-Cdr. (E), R.N. 
Royal Naval College, 
Greenwich, 8.E.10. 
December 10, 1946. 





CAPACITY OF A TRAFFIC LANE. 
To THE Eprror OF ENGINEERING. 
Sm,—Mr. Clayton, in his letter published on 
page 544 of your issue of December 6, 1946, is right 
in assuming that I had not studied his comprehen- 
sive paper of 1941. In fact, I had not read much 
about the subject when I developed my equations. 
Subseqyently I studied the relevant literature to 
find out whether my small contribution, covering a 
fraction of the vast and involved field, might help 
to carry the subject a step farther. 
Regarding the safe distance between cars, my 














rable 
ition 
PVen 
less 
and 
y an 
t is 
the 
Huge 


ster 
igh 


at 





DEc. 20, 1946. 


ENGINEERING. 





593 








idea was to have a simple exprossion giving a work- 
able value in spite of the greatly varying factors to 
be considered, which I mentioned, such as reaction 
time. This is the origin of the expression 2», 
where v is in yards per second without regard to the 
actual braking distance dependent on the square of 
the speed (in certain circumstances). Thus I came 
to the simple rule: the safe distance between a car 
and the car in front is about equal in yards to the 
speed of the rear car in miles per hour. A com- 
parison with the over-all stopping distances set out 
in the Highway Code shows that my rule gives higher 
values at low speeds, to which there is no objection, 
and, furthermore, is in agreement with usual prac- 
tice. There are no great differences at 30 m.p.h. 
and 50 m.p.h. and the distance is exactly the same 
at 40 m.p.h., as the following table demonstrates :— 











Safe Distance. Speed, m.p.h. 
10 20 30 40 50 
From Highway Code (feet)} 15 | 40 | 75 | 120 | 175 
By simple rule(yards) ..| 10 20 30 40 50 





As to the effect of intersections, I am pleased to be 
in such good company. 
Yours faithfully, 
W. JAacoBsoEN. 
76, Elgin-crescent, 
London, W.11. 
December 11, 1946. 





STANDARDISATION OF BRITISH 
RAILWAY PRACTICE. 


To THE Eprror oF ENGINEERING. 


Sm,—The pamphlet recently issued by the 
British Railway Companies is a very interesting 
statement of fact and achievement, and perhaps 
the most interesting feature, at all events to manu- 
facturers, is the appendix giving a list of important 
developments intended to be carried out in the 
near future, if the railways are to be left alone to 
do so. These are all very well and nobody can 
quarrel with them, but they omit any mention of 
two very important but difficult points, namely, 
the standardisation of electric traction systems 
and the fitting of all freight vehicles with con- 
tinuous brakes. 

For some—possibly very good—technical reason, 
the Railway Electrification Order of 1932 envisaged 
two electric traction systems, namely, a third rail 
using up to a maximum of 750 volts and an over- 
head line with a maximum of 1,500 volts, the 
former being intended for suburban working and 
the latter for the main lines. Unfortunately, it was 
overlooked that both suburban and main-line ser- 
vices sometimes use the same set of metals, and, 
no doubt, will do so increasingly in the immediate 
future. Consider some cases. The Southern Rail- 
way run over 1,700 track-miles of mixed suburban 
and main-line electrification on the third-rail system, 
with indiscriminate use of lines; it is unlikely that 
they would care to separate these traffics under 
different systems to conform with a theoretical 
future. Then, on one side of Cheshire we have the 
Mersey Railway using the third rail, and, on the 
other side, the Manchester, South Junction and 
Altrincham lines, using the overhead system; both 
these lines run well out into the country from their 
respective cities, but whether they come under the 
suburban or main-line category for electrification 
is beyond me to judge. To make confusion worse 
confounded, we shall soon see both systems in use 
on the same suburban section of the L.N.E.R., 
and, at Stratford, one side of the platform will 
face the third-rail to Loughton, etc., and the other, 
the overhead system to Shenfield. It would be 
interesting to guess what will happen when it 
becomes necessary (as it will) to continue the electri- 
fication of the whole Fairlop loop from the Loughton 
third-rail to the Shenfield overhead. I submit that 
the adoption of two systems in this small country 
does not seem very wise, especially in view of past 
experience. Consider the broad-gauge of the 


G.W. Railway and the overhead system of the late 
L.B. & S.C. section of the Southern ; both had to be 
converted to standard eventually. The conversion 





of gauge was not so serious as it would be to-day, 
as it occurred in a period of increasing traffics, 
stabilised labour-costs and no road competition ; 
but the L.B. & S.C.R. conversion took place under 
much less happy conditions and any future conver- 
sion on the same lines will be still less fortunate. 

The facts militating the use of the con- 
tinuous brake on all freight vehicles and trains are 
the cost of conversion and after maintenance, behind 
which is an uneasy feeling that, in such a case, a 
decision would have to be made on the brake system 
to be standardised. I have not the exact figures, but 
anticipate that there would be roughly a million 
vehicles to be fitted, inclusive of privately-owned 
wagons. This represents an enormous problem, 
which, cost what it may, will have to be faced sooner 
or later if the railways are to maintain their useful- 
ness in the future. At present, without these brakes, 
an immense amount of freight-train hours are lost 
daily through drivers having to creep up to signals ; 
by time taken over pinning-down and unpinning 
hand brakes at each end of stiff gradients ; and by 
trains held in reception-sidings and loops because 
the unbraked speeds possible do not warrant the 
trains running any farther ahead of faster trains. 
It seems likely that the freight train of the future 
may be compelled to run at speeds not less than 
that of the slowest passenger trains and approaching 
those of the express service, to the class 
of freight carried ; for this, continuous brakes are 
a necessity. The railwayman of the future may well 
wonder how we managed without these brakes on 
freight services, exactly as to-day a railwayman 
sees the impossibility of running a passenger service 
without them. 

This must raise the question, which is to be the 
standard brake? As is well known, this country 
employs two systems, one using atmospheric pres- 
sure averaging about 22 barometric inches through- 
out the train and the other air compressed to 
about 75 Ib. per square inch. The tendency is 
for electrified services to use the latter and the 
main-line (steam) services the former. It is sub- 
mitted that any decision on this question ought to 
be based on three factors: the qualifications of 
either in respect of decelerative powers; time 
required for full application and full release there- 
after, these to be judged on a train of maximum 
length ; and the fact that this country is joined to 
the Continent by two train-ferries. As to the manu- 
facture of the needed million-odd sets of brake-gear, 
it may be observed that many millions of rounds of 
ammunition, etc., were successfully made by all 
sorts of originally unskilled and inexperienced men 
and women, recruited from retail shops, offices, and 
anywhere or everywhere. If they could master the 
intricacies of the making of ammunition, especially 
of such complicated details as fuses, they can also 
be taught the manufacture of continuous brake-sets, 
for which idle munition factories might well be 
adapted, to the great advantage of unemployment 
figures in their areas. 

Yours faithfully, 
J. G. B. Sams. 
47, Victoria-street, 
London, S.W.1. 
December 11, 1946. 





BROACHING MACHINES, TOOLS 
AND PRACTICE. 


To THE Eprror oF ENGINEERING. 


Sm,—I note with interest the letter from Mr. 
F. C. Harrison, on page 544, ante, giving details 
of the horizontal hydraulic broaching machine 
produced at Openshaw in 1915-16. Due to neces- 
sary abridgment of the original paper, it may not 
have been obvious that my reference was only to 
machines produced commercially. Furthermore, 
I dealt only with machines having self-contained 
oil-hydraulic power units. It is quite possible that 
other experimental machines have been made, the 
details of which are not generally known. It would 
be of interest to know what system of hydraulic 
power was used in Mr. Harrison’s machine. 

Yours faithfully, 


111, New-street, E. Percy Epwarps. 


AIRCRAFT PROPULSION. 
(Concluded from page 571.) 


WE conclude below our report of the discussion 
on the paper on “ Aircraft Propulsion,” by Mr. F. M. 
Green, O.B.E., and Mr. J. E. Wallington, B.A., 
delivered at a joint meeting of the Institution of 
Mechanical Engineers and the Royal Aeronautical 
Society, held in London, on Friday, November 26. 

Mr. R. Smelt said that, while Mr. Cheshire and 
Mr. Hodge had talked about the effect of the change- 
over to jet aircraft on the drag of the aircraft itself, 
and said that this gave the jet a further advantage 
over the conventional aircraft, he thought that Mr. 
Cheshire had been a little optimistic. The drag 
coefficient of the best of the British high-speed 
fighters was about 0-019 when reciprocating engines 
were still the fashion ; on changing to jet turbines, 
the drag coefficient dropped to about 0-015. That 
was an argument for the gas turbine against the 
reciprocating engine, but was it also an argument 
for the jet against the propeller turbine ? The drag 
gain which was obtained was really in two parts. 
One part was the result of removing such things as 
radiators round the aircraft; in any jet-propelled 
aircraft, the whole installation of the engine was 
much cleaner. The other part was rather more 
difficult to assess ; it was the effect of removing the 
propeller. At the Royal Aircraft Establishment 
they believed—though the belief was hardly based 
on enough evidence as yet—that the propeller had 
a very big effect. Wiping out the propeller made 
the form of the wings much cleaner, and there was a 
gain of about 20 per cent. on the drag of the wings ; 
possibly much more in civil types of aircraft. * In 
five or six years, it might be possible to have drag 
coefficients as low as 0-007 or even 0-005. In 
consequence, the propeller would count much more, 
and might put them back to 0-015 or 0-019. 

Air Commodore F. R. Banks, C.B., dealing first 
with piston engines, thought that more could have 
been done to get greater fuel economy by using 
compounding systems. He did not think that it 
would be done in this country, because we were 
going in for turbines. We were probably behind 
the Americans on civil types of aircraft, but we were 
ahead of them on turbines, both propeller and jet, 
and probably would continue to go ahead. The 
Americans were two years or more behind Britain 
on turbines, but they had some very reliable engines 
which had begun to be developed for airline service, 
even before the war; and they had the turbo- 
blower already developed. The Americans were 
looking into the question of compounding for two 
reasons. First, on big jobs such as the Constitution, 
they had not enough power per engine; the Con- 
stitution needed just over 4,000 h.p. per engine if 
they were going to have a pay-load which was 
worth anything, and at the moment the engine 
gave a maximum of about 3,500 h.p. They were 
going to introduce turbo-blowing with turbines in 
series, which would increase the power at take-off 
without unduly overstressing the engine, and would 
bring the fuel consumption down quite heavily. 
An interesting paper had been written on the 
subject by Benjamin Winkle, of the N.A.C.A. 
They had been doing some work on existing four- 
stroke engines in America, using turbines in series. 
They took the exhaust from the radial engine to 
what they called a blow-down turbine, and that 
turbine was connected by gearing to the engine shaft. 
The discharge from it was taken to another turbine 
which drove the blower. Any excess power went 
back into the engine, and then there was a final 
turbine for any jet thrust available. On the basis 
of tests of the method, they estimated that 0-32 Ib. 
per brake horse-power-hour was a feasible cruising 
fuel consumption, which was worth a good deal on 
the Atlantic crossing. 

The Americans would probably do more than 
we would on those lines, but we would go on with 
propeller turbines and jets. A test had been carried 
out in this country which showed what could be 
done by raising the compression ratio only. Taking 
an engine of fairly large capacity, going to 8}: 1, 





and using 125-165 grade fuel, a consumption figure 
of 0-365 lb. was obtained under cruising conditions. 
{That was not all obtained by. compression ratio ; 
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they were able to reduce the blower-air ratio and 
reduce the power to the blower, but there was a 
reasonable take-off power of about 2,500, based on 
a cruising-power altitude equivalent of 20,000 ft. 
The engines from America, and the propeller tur- 
bines and jet turbines in this country, would all 
be conditioned by the same old development periods. 
In the case of the propeller turbine, the engine 
would take longer to develop than the machine. In 
the case of the jet, a machine had to be developed 
to fly at 550 m-p.h. It would take four to five 
years to make the aircraft ; then it would be neces- 
sary to clear the prototype and make a number of 
machines off that prototype. The piston engine, 
therefore, would almost certainly last for ten years 
more in some of the major machines, and possibly 
for 15 years for special jobs. Little mention was 
made of the serious difficulty which there would be 
in carrying passengers at 550 m.p.h. Many 
thought that bumps did not occur at 40,000 ft., 
but in parts of America and in tropical countries 
one could get as bad bumps at 40,000 ft. as at 
8,000 ft. in this country. 

Mr. N. E. Rowe said that the authors had been 
talking about net propulsive thrust, but that might 
be quite different, if the engines were enclosed in 
wings or bodies, from the results adduced for en- 
gines as they existed to-day; had attention been 
concentrated on civil aviation there would have 
been much greater tendency to design engines 
which could be buried. He was inclined to agree 
with Mr. Smelt that the authors had concentrated 
on the power-plant side, rather than taking the 
aircraft or the design as a whole, in making their 
comparison. Air Commodore Banks had mentioned 
the problem of flying fast through gusty air. He 
thought that the conditions in America might be 
rather more onerous than in the European area, 
but they would have to be met im certain areas, 
and it was always necessary to face conditions of 
that sort in going up and coming down. He thought 
that it would have to be a joint affair of aircraft 
development and engine development, because it 
might well be possible to alleviate the effects of 
gusts by modifications in the aircraft. If that 
could not be done, there was clearly a great deal to 
be done on the meteorological side before it was 
possible to be certain of getting civil aircraft which 
would make proper use of jet propulsion, which did 
imply flying steadily at these high speeds. 

Professor T. R. Cave-Browne-Cave, C.B.E., said 
that, at a lecture on civil air transport from the 
point of view of the passenger, he had asked the 
lecturer what factor most detracted from the popu- 
larity of civil air transport, and the answer was 
‘* Without any question, noise.” If that was correct, 
was not that one of the factors which would limit 
the continued use of reciprocating engines and of 
turbine-driven airscrews, if jet units were reasonably 
available ? If people were to fly for long periods, 
comfort in the widest sense of the word might be a 
factor of considerable importance, which might 
influence the choice of the unit of propulsion. 

Mr. G. J. C.-Davies commented that, although 
propellers might account for a good deal of noise 
on the reciprocating and propeller-turbine types of 
aircraft, he thought that anyone who had been 
present when a de Havilland Swallow came in 
would agree that while, from in front, one could 
hardly hear it coming, when it went by there was 
a terrific roar. He suggested, therefore, that there 
were still problems to be faced in an air liner having 
jet engines when the passengers were situated aft 
of the engines. In front of the engines and possibly 
beside them there might not be much noise, but 
anyone situated behind a jet would get an appre- 
ciable proportion of the jet roar. 

Mr. A. D. Baxter, M-Eng., did not agree with Mr. 
Davies that the noise of the jet engine would be heard 
in the cabin ; he thought that the most unpleasant 
noise was the intake noise. From the title of the 
paper, “ Aircraft Propulsion,” he had been expecting 
something more general. Although the authors had 
undoubtedly compared the conventional recipro- 
cating engine and the turbine engine in its various 
forms, and had made a passing reference to the 
propulsive duct, or the ram jet as it was now 
styled, there had been no mention of the inter- 
mittent ram jet or the rocket motor. For military 





purposes, during the recent war, the Germans 
managed to use both of them quite successfully. 
From Certam aspects, they mugnt have advanvages. 
The authors had shown that the turbine engine 
scored on the questions of weight and bulk, and in 
certain circumstances its consumption was better, 
but that was only at high speed and high altitude. 
Was it possible to use that superiority ? It seemed 
that, at present, there were no aircraft that could 
use it; in fact, aircraft designers had many pro- 
blems ahead of them if they were to take advantage 
of turbine jet engines. One was the question of 
passenger comfort. At 50,000 ft. or so, it would 
require something like a 10 to 1 pressure ratio to 
bring the cabin down to the equivalent of 8,000 ft., 
and that was going to use, in a blower, something 
like 4 h.p. for each person. Moreover, 4 h.p. at 
that altitude meant the equivalent of perhaps 
26 h.p. on the ground, so that, with a 20-seater air 
liner, a 500-h.p. engine would be required to provide 
the air in the cabin. 

Another question was that of the bulk or the 
frontal area of the engine. There, perhaps, some of 
the more specialised propulsion forms would be 
useful; but a method which had not been men- 
tioned in the paper in connection with jet pro- 
pulsion, but in connection with the propeller turbine, 
was re-heating. If it were possible to use re-heat 
in the jet pipe of a turbine engine, a useful improve- 
ment in thrust could be obtained with a negligible 
addition in weight. The thrust from the jet pipe 
was proportional to the square of the absolute 
temperature, so that, if the exhaust-pipe tempera- 
ture were increased from, say, 900 deg. to 1,400 
deg. abs., the thrust would be increased by some 
25 per cent. under static conditions, and under 
flight conditions the increase would be much 
greater. The 25 per cent. increase in thrust would 
require something like a 75 per cent. increase in 
fuel consumption, so that it was not a suitable 
method of increasing power indefinitely. That did, 
he thought, represent perhaps a half-way house 
between the ram jet and the turbine, in that one 
was putting heat into gases at a pressure above the 
atmospheric and then blowing them out without 
any intervening moving parts, as the heat was 
added after the turbine which was driving the 
compressor. 

Air Commodore Banks, reverting to the question 
of noise, said he had recently flown in the Lancaster 
with the Nene engines, and, walking as far aft in 
the cabin as it was possible to go, there was no 
question of increased noise from the jet pipe at all. 
Those, of course, were outboard engines, and what 
the position would be when the engines were 
brought inboard he did not know. There was far 
more noise from the air rushing round the various 
excrescences on the aircraft than there was from the 
engine. 

Mr. 8S. E. Beddall inquired about the question of 
maintenance. It was interesting to compare the 
sort of inspection given to a jet engine with that 
necessary on a piston engine. The reciprocating 
engine fitted to aircraft had now reached such a 
point that some half-dozen skilled technicians were 
necessary for the maintenance. Even to change a 
set of sparking-plugs on the Merlin in the winter 
was not a job that could be done in a quarter of 
an hour. Sleeve-valve engines reduced maintenance, 
but there were still magnetos, contact-breakers, etc. 
If he were offered an engine with little or no main- 
tenance, he would choose that every time. 

Mr. James Hodge said that most people did not 
separate out the effects of noise and vibration. 
While the noise with a pure jet engine would be 
rouch less than with a reciprocating engine in front 
of the engine, it might be higher behind ; but the 
vibration with any type of turbine engine was very 
much reduced, and he thought that it was to a large 
extent the high-frequency vibration which was 
tiring rather than the noise. That vibration was 
almost entirely cut out with a turbine éngine of 
any sort. On the question of maintenance, he 
believed that the R.A.F. had found that they could 
cut down their maintenance staff on the first jet 
engines to rather less than half that needed with 
reciprocating engines of corresponding power. 

Air Commodore D. F. Lucking asked whether the 
authors had given any attention to the theoretical 
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and practical aspects of what he understood was 
one of the greatest potential handicaps to the future 
development of both the pure jet turbine and the 
lier turbine, namely, the prob! m of ice accre- 
tion, which had not been solved in the case of the 
ordinary reciprocating engine and its propeller. 

The Chairman (Sir Frederick Handley Page) said 
that the discussion had brought out clearly the 
number of new things still to be learned and that it 
was possible to claim advantages for all types of 
engine. He thought, however, that a great deal 
more required to be done to establish the facts in 
each case, and ultimately it would be experience, 
and that alone, which would determine the trend of 
aviation and what the ultimate result would be. 
Personally, he believed that the more the turbine 
came into use in aircraft, the more the aircraft 
and the turbine must be considered as one unit. 
What had struck him more than anything else in 
the discussion was that, when one entered the arena 
of high-speed flying at high altitudes with jets, 
immediately there were introduced many matters 
about which people began to speculate and on which 
nothing was known for certain. There was .the 
question of noise, and the question of the jolting of 
passengers, and the question of pressurisation, 
which was inherent and must be dealt with if the 
problem of flying at high altitudes was to be solved. 
It was evident that a leak in the pressurisation 
might be as fatal to the completion of a journey as 
a leak in the petrol tank. He thought that, pro- 
bably, it would be found that neither the extreme 
in one direction, the jet, nor the extreme in the 
other direction, the compound engine, would be the 
most favoured, but some compromise. 

Mr. J. E. Wallington, in reply, thought that, so 
far as the use of jets was concerned, the argument 
of speed was decisive. If we in this country pro- 
duced an aeroplane which went faster than others, 
people would use it in preference to anything else. 
When the jet air liner arrived, it would not suffer 
for want of passengers. Some speakers suggested 
that the comparison in the paper between piston 
engines and jets was not quite fair; but they had 
made no comparison, or at least had not intended 
todoso. Acting on their opinion that piston engines 
had come to the end of their development—more 
because no one would bother to develop them than 
because they could not be developed further—the 
authors gave a summary of what had been achieved 
in that line, and went on to hope and guess what 
would happen with jets. The paper must not be 
taken as an attempt to prove that jets were better 
than pistons; the authors accepted the idea that 
jets would take the place of pistons, and had been 
moved to write an obituary of the piston engine. 

Mr. F. M. Green, who also replied, said that his 
particular interest was in civil air transport ; and, in 
that connection, those who said that fuel consump- 
tion did not matter were in error. In America, 
where petrol was cheap, fuel represented 13 per cent. 
of the total cost’ of flying, and that figure went up 
to 30 per cent. on certain of the Empire routes, 
where fuel was more difficult to get. A case could 
be made out for more complicated engines which 
would give a better fuel consumption, but it might 
well be found that they had other disadvantages. 
In fact, it did not make any real difference whether 
one flew at 250 m.p.h. near the ground or at 500 
m.p.h. at 40,000 ft.; the important point was that 
the lift coefficient was the same, and it was the 
lift cgefficient which governed the bumps. The 
question of bumps was and would be troublesome‘ 
but it would be solved. There were possibilities of 
designing wings which did not respond so much to 
bumps, of using still heavier wing loadings, etc. 
He agreed that, in general, the jet engine was to 
be preferred to the propeller engine. The question 
of drag was taken into account in the paper in the 
net thrust horse-power. He believed that the pure 
jet engine would be the final solution. If an: aero- 
plane could be made which would go at 500 m.p.h., 
it would get more traffic than one that went at’ 
400 m.p.h., other things being anything like equal. 
He believed that it would be possible to do so without 
using more fuel or more upkeep than to-day. That 
was his faith, and if he minimised the disadvantages 
of the propeller engine it was because he did not 
want to exaggerate the claims of the jet engine. 
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THE WORLD’S OLDEST RAILWAY. 


At a meeting of the Newcomen Society held at the 
Institution of Civil Engineers, London, on Wednesday, 
December 11, 1946, Mr, Charles E. Lee read a paper 
entitled ‘ The World’s Oldest Railway,” dealing with 
the early history of the wagonways which conveyed 
coal to the Tyneside staiths from the neighbouring 
collieries. He said that, with regard to railway track, 
there was considerable uncertainty as to where the 
first lines had been laid in Great Britain, but there 
was little doubt that the oldest survivor was the section 
of the Tanfield branch of the London and North Eastern 
Railway between Norwood and Fugar Bank in County 
Durham, which had been in continuous use, and for 
the same kind of traffic, since at least 1671. It ma 
have been the first railway in County Durham, althoug 
there was no certain evidence of this. Railways had 
been introduced into the Northumberland and Durham 
coalfields in the first decade of the Seventeenth Century, 
and we had a hint that the potentialities of wagonways 
soon came to be appreciated in some quarters, because 
an important pont for making the King “the sole 
merchant of the Coales”” was presented to Charles I 
on July 10, 1628. The scheme had proposed, inter alia: 
‘“* By makinge compitent passages for the waters, that 
annoye the mynors, or pyonors by makinge one Portable 
Ryver, from those parts, where the Coales are to be 
acquired; by 2B vm. Highwaies passable, and 
reformed Cariages, to convey the Coales that River 
. . .” The proposal had been for the Crown to take 
possession of all the coal mines within the Bishopric 
of Durham, “ uppon remoove of that Bishop,” and 
to develop these mines as a royal enterprise. The 
“reformed cariages” were probably of the type 
designed to run on railed wagonways, as he (Mr. Lee) 
had endeavoured to show in his book, The Evolution of 
Railways. It was scarcely necessary to say that this 
early suggestion of nationalisation had not been 
adopted. 

Examination of the surviving historical records has 
led the author to the conclusion that the Ravensworth 
wagonway, a substantial portion of which now forms 
part of the L.N.E.R. line, was probably built in 1632, 
and was certainly working in 1671. It seems likel 
that this wagonway, which was built by the Lidde' 
family, was the first in County Durham and the first 
leading to the River Tyne, although the Liddells were 
preceded by Huntingdon Beaumont, who constructed 
and operated a 500-yard wagonway at Bebside, near 

i , Northumberland, from about 1609 to 
1614. During the period of the contest between the 
King and Parliament, culminating in the execution of 
Charles I in 1649, there was little industrial develop- 
ment, and on the capture of Newcastle by the Parlia- 
mentary forces in 1644, Sir Thomas Liddell—incompany 
with other loyalists, was deprived of his lands and 
rights. He apparently regained these in 1650, and 
with the restoration of the monarchy on March 29, 
1660, the era of continuous railway development began. 
The Ravensworth wagonway was probably rebuilt or 
restored at that time. References and allusions to 
wagonways at the northern collieries are to be found 
in several contemporary documents, and one states 
that the capacity of each wagon was fifteen bowles 
(bolls), equivalent to about 33} cwt., a size of vehicle 
which almost certainly must have run on a wagonway. 
There is no known description of the form of the 
Ravensworth wagonway, but collateral evidence sug- 
gests that wagons “ with four rowlets” ran on rai 
of timber, that cuttings were made through hills, and 
valleys filled ‘‘ so that such wagon ways may lye upon 
a level as near as possible.” It is unreasonable to 
imagine, as is often done, that wagonways were evolved 
by a process of filling the ruts in. badly-made roads 
with logs ; on the contrary, there is sufficient evidence 
to show that by that time (the 1670’s) the construction 
of hn. por in the neighbourhood of the Tyne was 
treated as an engineering work of some magnitude. 

Towards the end of the Seventeenth Century the 
mines adjacent to the River Tyne became exhausted, 
and owners were compelled to sink shafts farther inland 
and lay railways down to the staiths on the Tyne. 
Some of the longest of these railways were built to serve 
the Tanfield and Pontop districts, the output of coal 
from which had an important influence on the con- 
straction of railways for 150 years, and led to consider- 
able competition when the era of public railways = 
The first wagonway from the Pontop area, later called 
the Main Way, crossed the River Derwent by a road 
bridge and reached the staiths on*the Tyne at Der- 
wenthaugh, but its ise course is not known. It 
was probably constructed during the first decade of the 
Eighteenth Century, and it is recorded that sl 
cost 8d. each, and rails 6d. a yard. Many branch | 
off the Main Way were built, and ing to local 
tradition there was one such line which lay in a pond, 
into which, during dry weather, empty wagons were run 
until the water covered the wheels and pre- 
served them from splitting. Another description of 
these early wagon ways occurs in the records of a 





Chancery case concerning wayleave rent for a line 
which was laid in 1712 over the Tanfield Moor from 
Lintz and Buck’s Nook — The — 
passage is: ‘For the i waggon-ways the 
Seal sak te roateanteell ab petintn maneiosts 
natrow turnings, and pieces of hard timber or wood 
called sleepers must be fixed in the ground, and raised 
some inches from the ground, for the wheels of the 
waggons to run on, and can be used only by waggons 
and not by carts.” 

Sometime in the 1720’s,.as a result of an association 
between the Liddell and Montagu families to work the 
Blackburn, or Burdon Moor, Colliery and to lease the 
coal under the freehold lands of certain gentlemen of 
that district, a wagonway was built which, at that time, 
was the longest and most remarkable that had been 
laid down. Valleys were filled with earth to form an 
embankment 100 ft. in height, and 300 ft. in width at 
the base, cuttings were made through hills, and a single- 
arch stone bridge called Dawson’s Bridge or the Causey 
Arch was constructed. The embankment now carries 
the Tanfield branch of the L.N.E.R. and is probably the 
oldest railway embankment in the world still in use. 
The bridge, which was built about 1727 by Ralph 
Wood, a local master mason, was abandoned some 


time before 1787 owing to one of the collieries’ being | | ahour 


closed, but it stands to-day and is probably the 
oldest surviving railway bridge in the world. In 1935, 
it was scheduled as an ancient monument of national 
importance. It is a slightly flattened arch of 103-ft. 
span built of freestone, 35 ft. in height from a base 
line through the springing points to the underside 
of the arch, and about 10 ft. thence to the road 
surface. The road itself is about 224 ft. in width 
and formerly accommodated a double-track timber 
railway of 4-ft. gauge. The high cost of wayleaves 
from the collieries to the staiths was invariably a 
financial difficulty, and, to overcome this, the Liddell, 
Montagu, and other families joined in the most 
powerful monopoly, called the Grand Allies, the coal 
trade has known. They extended their wagonways 
up to eight miles south of the Tyne, and in one year, 
in which the whole computed trade of the port was 
301,000 chaldrons (each of 53 cwt.), five-twelfths 
of this, or about 400 chaldrons a day, along 
the Grand Allies’ wagonway. A Frenc tleman 
who visited the line in 1765 and had left a detailed 
record of his visit, noted that the wheels of the wagons 
were either of solid wood or of iron with spokes, and 
with flanges from 1 in. to 1} in. in depth. He also 
observed that the front wheels were made larger than 
the back, to’ maintain the load of coal horizontally in 
the wagon, which always travelled on a slope in the 
same direction (i.e., down to the staiths from the hills). 
Mr. Lee then gave a detailed account of the develop- 
ment and fortunes of the companies that extended 
the mineral railways in the district in the Eighteenth 
and first half of the Nineteenth Centuries. Some of 
the lines connecting collieries with staiths were relaid 
with iron rails to standard 4 ft. 8} in. gauge ; others 
were abandoned. The work of relaying the Tanfield 
line, the oldest railway in the world, appears to have 
been completed in 1842, at a cost of 14,0241. 4d. 114d. 
for iron rails, chairs, ballasting, etc. It rose 536 ft. 
in 3} miles and fell 90 ft. in 24 miles. The line con- 
sisted of a series of gradients varying from 1 in 12 to 
1 in 454, which involved several changes of motive 
power. Between Redheugh and Tanfield Lea there, 
were three horse-planes, namely, at the Teams ({ mile), 
at Lobley Hill (} mile), and at Tanfield Lea (? mile) ; 
three engine-planes, at the Sunnyside incline (1 mile), 
the Causey Wood east incline (1{ miles), and the 
Wood west incline (}:mile); and two self- 

acting inclines, the Lobley Hill incline ( mile), with a 
gradient of 1 in 18, and the Fugar Bar incline or Baker’s 
Bank (1 mile) with gradients of 1 in 12 and | in 21. 
At Birtley Fell on the Pelaw Main line, which was 
opened in 1809, Samuel Cooke, one of the owners of the 
colliery, built the first fixed engine ever used for 


hauling wagons. 


SCHOLARSHIPS IN NAVAL ARCHITECTURE AND MARINE 
ENGINEERING.—The Institution of Naval Architects 
have announced that a number of scholarships, tenable for 
three or four years, according to the length of the course, 
at the university selected, will be offered for competition 
in 1947. These comprise the Vickers-Armstrongs and 
the Denny Scholarships in naval architectur and the 
Yarrow Scholarship in marine engineering. The Vickers- 
Armstrongs Scholarship has a value of 2001. per annum 
and the age limit for candidates is 23 years. The Yarrow 
Scholarship is valued at 1701. per annum and the age limit 
is 21 years. The Denny Scholarship is worth 1301. per 
annum and the age limit is 19 years, it is tenable for 
four years at Glasgow University only, with apprentice- 
Ship for five years. This scholarship is intended for boys 
from public or secondary schools. Entries for all the 
scholarships close on May 31, 1947. Further particulars 
may be obtained on application to the secretary of the 
Institution of Naval Architects, 10, Upper Belgrave- 
street, S.W.1. 








RECENT DEVELOPMENTS IN 
CAST IRON RESEARCH.* 


By Dr. Haroip Harter. 


Dvurine the past twenty-five years the technique of 
iron founding has altered very considerably and in this 
development the British Cast Iron Research Association 
has played no mean part. Up to the first world war 
cast iron with a tensile strength of 15 to 18 tons per 
square inch was éxceptionally good. To-day the 
material is commercially available with a tensile 
strength of 30 tons per square inch and even higher. 
Industry has now at hand a variety of types of cast 
irons evolved to suit special requirements such as heat 
resistance, corrosion resistance and wear resistance. 
The foundry techniques of melting, moulding and 
casting have been much improved and many problems 
connected with continuous casting in green-sand and 
permanent moulds with mechanised plant have been 
overcome. The working conditions in foundries still 
need attention and thie sections of the industry con- 
cerned will have to tackle the matter seriously if bof 
are to continue to attract the man-power required. 
The industry will doubtless, in due course, have a 
lead from the Garrett Committee of the Ministry of 
I am aware of the outstanding success of 
some of our subscriber members who have approached 
the question from the psychological standpoint. 

The Research Association stands midway between 
the universities and industry. It does not undertake 
fundamental] research in the rea] sense of the phrase, 
although it is concerned with investigations into the 
underlying factors which control the behaviour of the 
metal and ‘its alloys under all practical conditions. 
Sir Edward Appleton has happily termed this type of 
work “objective fundamental research.” However 
fundamental! it must relate to the industry we serve. 
Were we to limit research to the solution of ad hoc 
problems, we should not fulfil our duty. If the means 
are available, it is desirable never to be content with 
the “how,” but always to strive to learn “ why.” For 
many years investigations have in the 
research department to learn how molten iron crystal- 
lises, to determine the influence of the various ingredi- 
ents and to find out why things happen as they do. 
In 1936 the Association made public a method showing 
how a fine graphite structure might be produced from a 
titaniferous iron. The main research has been con- 
tinued and is now yielding a remarkable return. The 
results are still in the confidential stage although certain 
provisional —— have been filed, but the director 
assures me that in the laboratory 20- to 30-ton tensile 
cast irons can be produced by casting an ordinary 
straightforward hematite p’g iron suitably treated. 

I will try to give the story briefly. We have suc- 
ceeded in casting iron into the mould with a graphite 
structure of nodular or spherical form instead of being 
in the stringy, el ted flake structure usually found 
in grey cast iron. saying that this nodular graphite 
structure resembles the temper-carbon form of graphite 
found in malleable cast-iron, after the} y i 
of a white iron casting (thé only way hitherto known 
of producing it), I must make it clear that the new 
material does not possess the properties of malleable 
cast iron, which can be subjected to considerable 
deformation and distortion prior to fracture. Malleable 
cast iron owes its properties in part to its gra 
structure, in part to the homogenising effect of the 
annealing, and in part to the fact that the total carbon 
content, and hence the graphite content, is kept low, 
in the black-heart by starting with a low carbon 
mater‘al, and in white-heart process by oxidising 
part of the carbon during annealing. Nevertheless, the 
new materia] has a smal] measurable elongation, 1 to 
2 per cent. with the higher-carbon and 2 to 3 per cent. 
with the lower-carbon contents. 

In a melt of hematite pig iron of 3-9 per cent. carbon 
and 2-6 per cent. silicon, a standard 0-875-in. test bar 
gave in the untreated and treated states, respectively, 
tensil.: strengths of 15-5 and 26-5 tons per square inch, 
and 29-4 and 47-9 tons per square inch in transverse 
tests. The treatment increased shock resistance from 
13 to 47 ft.-Ib., and the Brinell hardness from 185 to 
215. What we regard as the most significant feature 
of this new development is that it is applicable, and 
indeed most readily applicable, to the medium- and 
high- 1s distinct from the low-carbon and silicon irons, 
namely, to the irons most easily “ castable ” which are 
least subject to shrinkage in casting, as well as being 
the m st readily machinable. 

In order to put this matter in its proper perspective 
it mgy not be out of place to remind you that as a 
result of matic research into the cast irons begun 
after the first world war, and carried out in the various 
industrial countries, the strength was doubled. Many 


* Presidential address delivered at a luncheon, held 
in London on Wednesday, December 11, 1946, to com- 
memorate the Silver Jubilee of the foundation of the 
British Cast. fron Research Association, Birmingham. 
Abridged.” 
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factors contributed to this: controlled compositions, 
better melting techniques, improved understanding of 
moulding sands, use of lower-carbon irons, ladle addi- 
tions, thermal treatment, and so on. The price paid 
for this development was a more difficult material to 
melt and cast, requiring special precautions to overcome 
the increased shrinkage in cooling, and hence involving 
increased costs. Nevertheless, the high-duty cast 
irons have been regularly made and used and it is 
possible to purchase them under national specifications 
to 26 tons per square inch tensile and to produce even 


Niger figures. 
new material to which I refer possesses the 
properties of the present high-duty cast irons without 
special compositions or treatments, and yet 
remains readily castable and machinable. This does 
not mean that the new material will supplant high-duty 
irons; but rather that it will be as a base for 
producing high-duty cast irons the properties of which 
will no longer be determined by the flake graphite 
structure. The same remarks apply to the special-duty 
cast irons, austenitic, martensitic, high-silicon, high- 
chromium, ete., used for heat and corrosion resistance 
or for other special properties. Thus a Niresist cast 
iron in the untreated condition had a tensile strength 
of 10 tons per square inch and a shock resistance of 
30 ft.-lb. (these are usual figures for a commercial 
material). In the treated state it had a tensile strength 
of from 20 to 25 tons per square inch and a shock 
resistance of 120 ft.-lb. 

Another feature of the treated material is its uni- 
formity in properties from piece to piece. Thus, of a 
hundred bars cast from a 4 per cent. carbon hematite 

ig iron, ten chosen at random showed tensile strengths 

tween 23-8 and 24-3 tons per square inch, while the 
Brinell hardness varied only between 198 and 203. 
No bar tested showed any flaw. As compared with the 
same material in the untreated state, st , deflec- 
tion and shock resistance are doubled or even trebled. 
Toomlone irons can be treated, but it must be under- 
that the new effect does not offset the dominating, 
influence of phosphorus in high-phosphoric materials. 

The process can be successfully on cupola- 
melted irons, but much work has to be done on the 
founding, and physical and mechanica] properties before 
it can be applied in the industry, which itself will be a 
formidable task. At least a dozen investigations have 
to be carried out. The manner of financing the consi- 
derable expenditure involved is causing much concern 
to the Executive Committee and Council. It is most 
important to establish British priority in this field, and 
the technique cannot yet be disclosed, in part because 
the patent situation is not yet clear and in part because 
of problems relative to the supply of materials involved. 
The evolution of this virtually new material will not 
only put ordinary castings into a new class mechani- 
cally, and doubtless with respect to heat and corrosion 
resistance and provide a new basis for the development 
of high-duty and special] cast irons, but it will involve a 
new approach to the design of iron castings and will 
wa Sha ta influence every branch of the industry. 

A feature of this development that appeals greatly to 
me is that it is a consequence of research persistently 
pursued over a period of years (albeit ost com- 
pletely interrupted by the war), which led to the con- 
viction of possibility provided certain theoretical 
requirements could be met. It is not the result of an 
approach on Edisonian lines of trying anything and 
everything once. It could not have been achieved 
without the laboratory organisation which has been 
built up. It is a good example of Whitney’s remark 
that “The equilibrium between mental and material 
conception is so sensitive that anything which to the 
fair mind seems possible is to the trained persistence 
permissible.” May I ask members to be patient with 
us if it takes our small staff some time to put the results 
before them and to aid them in their application. Also, 
users likely to be interested will appreciate that member 
firms must first be advised and trials made before com- 
mercial requirements can be satisfied. 

Were unlimited funds available, rapid exploration 
would be possible of the various fields for the applica- 
tion of this new knowledge, which must ultimately 
affect the activities of every branch of the industry. 
In the first instance arrangements are in hand to make 
field tests on the high-duty irons such as are used by the 
motor industry and some other sections. To permit of 
effective liaison between the laboratories and the 
section of the industry concerned, it is intended that a 
few selected foundries with competent technical stafis 
shall carry out production trials, Care must be taken 
to see that the development is well planned prey 

endeavour will be made to render the experiment self- 
supporting as quickly as possible, but the work neces- 
sary, if the project is to be brought to fruition without 
undue delay may involve considerable expenditure. 
In addition to the foregoing, money has to be found 
for more buildings. Although Bordesley Hall, Alve- 
church, Birmingham, has only been our headquarters 
for four years, it is fully occupied by the staff of sixty, 
and extensions have been made and more are needed. 


LABOUR NOTES. 


Acoorprne to an announcement by the National 
Coal Board, an agreement has been concluded with the 
National Union of Mineworkers providing for six 
statutory or custom holidays a with pay. 
Conditions as to eligibility se gag holidays 
taken by agreement in the various districts at Christmas 
and the New Year have also been approved and will 
be communicated to the mineworkers and colliery 
companies. The amounts and conditions of pay for 
the remainder of the six days in the year 1946-7 and 
permanently will be negotiated between the Board 
and the unions before the Easter holiday. Mr. J. A. 
Hall, a member of the Negotiating Committee, told an 
interviewer that the miners would get two days’ holiday 
at Christmas with pay at the rate of ll. a day, if over 
21, 16s. if between 18 and 21, and 12s. if under 18, 
even if sick at the time. 





Sir John Forster, K.C., who was appointed some 
time ago by the Minister of Labour and National 
Service to hold an inquiry into the difference on the 
subject of decasualisation between the port employers 
and their men, has issued his report. In it, he 
recommends that decasualisation, which was partially 
adopted during the war, should be administered by a 
central body of the character of the present National 
Dock Labour Corporation, The Board, he says, should 
be drawn in equal numbers from the two sides of the 
industry with an independent element, consisting of a 
chairman and two members appointed by the Minister 
of Labour and National Service. Local or area boards 
should be set up to cover individual ports or groups of 
ports. On the question of the mobility of labour, Sir 
John points out that under existing schemes there is 
power to direct registered dock workers, unemployed 
in their home port, to other ports where dock labour is 
in short supply. 





He appreciates, he says, that the housing position is 
such as to render distant transfers difficult. But in 
preparation for the time when housing and billeting 
difficulties become less acute, any central body should, 
in his opinion, be given power, subject to reasonable 
safeguards for the employee, to direct the transfer of 
labour from one port to another. On the subject of 
discipline, he observes that it should be within the 
power of the local manager of any scheme to suspend 
a@ man for misconduct, and, if necessary, to report 
him to the local or area joint board for removal from 
the register. The consequences of such a removal, 
involving expulsion from the industry, are so serious 
that a man, aggrieved by that decision, should be 
given the right to appeal to an independent tribunal. 





The number of disputes involving stoppages of work 
reported to the Ministry of Labour and National 
Service as beginning in October was 203. In addition, 
22 stoppages which began before October were still in 
progress at the beginning of that month. The approxi- 
mate number of persons involved during October in 
these 225 stoppages, including workers thrown out of 
work at the establishments where the stoppages 
occurred, though not themselves parties to the disputes, 
is estimated at 68,000. The aggregate number of 
working days lost at the establishments concerned, 
during October, was 285,000. Of the stoppages 
through industrial disputes known to have been in 
at some time in October, the coal-mining 
industry accounted for 119, involving 19,500 persons 
and resulting in an aggregate loss of 40,000 working 
days. 


Two hundred and five stoppages, owing to disputes, 
came to an end in October. Of these, 89, directly 
involving 12,000 workers, lasted not longer than a day ; 
34, directly involving 7,500 workers, lasted two days ; 
31, directly involving 6,400 workers, lasted three days ; 
27, directly involving 8,400 workers, lasted four to 
six days; and 24, directly involving 14,700 workers, 
lasted over six days. 


Of the 203 disputes leading to stoppages which began 
in October, 24, directly invenving 4,700 workers, arose 
out of demands for increases of wages; 66 directly 
involving 6,600 workers, out of other wage questions ; 
7, directly involving 6,000 workers, out of questions 
respecting working hours, 26, directly involving 
3.300 workers, out of questions relating to the employ- 
ment of particular classes of persons; 66, directly 
involving 10,900 workers, out of other questions 
respecting working arrangements; and 11, directly 
involving 12,100 workers, out of questions of trade- 
union principle. Three stoppages, directly volving 
4,800 persons, were in support of workers involved in 
other disputes. 














In the ten months of the current year, January to 
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October, inclusive, there were 1,906 stoppages due to 
disputes, involving 471,400 workers and resulting in a 
loss of 1,968,000 working days, compared with 1,915 
stoppages involving 472,000 workers, and resulting in 
@ loss of 2,503,000 working days in the corresponding 
period of 1945. In the first ten months of 1946 wage 
rates increases amounting to 2,561,0001. were received 
by 7,263,000 workers, compared with 1,530,500/. re- 
ceived by 6,450,000 workers in the first ten months of 
1945. 





At the end of November, the membership of the 
Amalgamated Engineering Union was 800,240—an 
increase of 17,040 com with the total at the end of 
October. During the month 6,165 members were paid 
sick benefit—an increase of 167—and 1,653 unemploy- 
ment benefit—a decrease of 208. The total number of 
unemployed members was 4,156—a decrease of 235. 
Superannuation payments were made to 18,560 mem. 
bers—an increase of 384. 





Mr. Gardner, the general Secretary of the Amal- 
gamated Engineering Union, has sent a copy of a poster 
to each branch secretary indicating the new procedure 
to be followéd in connection with the political levy. 
Accompanying it is a supply of forms “ to be issued 
to those members who apply . . . for them, and who 
wish to be exempt from the payment of the political 
levy.” When these forms are completed, branch 
secretaries are informed ‘they must be handed or 
sent to you. You should then mark your Contribution 
Book and Registration Books ‘ N.P.’ and send the forme 
to the General Secretary.” 





The poster, it is stated, is to be displayed for at least 
12 months in the room in which the branch meets. 
“On and from the date of your first meeting in 1947,” 
Mr. Gardner adds, ‘‘ you must charge all your members 
who have not completed and handed or sent, to you, the 
forms referred to, 6d. each quarter political levy. The 
levy must be entered on the member’s contribution 
card each quarter, and, if not paid, must be added to 
arrears.” 





At its meeting in Toledo, Ohio, the Metal Trades 
Committee of the International Labour Organisation 
unanimously adopted a resolution containing a pre- 
liminary definition of the term “ metal trades " for the 
purposes of the Metal Trades Committee. The resolu- 
tion was in the following terms: ‘‘ Whereas it appears 
that there are necessary variations in the field referred 
to as the ‘metal trades ’ in the several countries 
belonging to the I.L.O. ; and whereas the Metal Trades 
Committee of the I.L.O. considers that it is 

that the office be provided with some description of the 
field within which the Committee’s interest lies; and 
whereas it is believed that any description of the 
metal trades now approved by the Committee, while 
useful in the pursuit of studies on an international basis 
through the I.L.0., would still not disturb practices 
in effect for strictly national purposes.” 





“Therefore,” the resolution continued, “be it 
resolved that for the purposes of the Metal Trades 
Committee, the term ‘ metal trades’ shall include the 
rocessing of either base or precious metals, or the 
abrication or manufacture of articles of commerce 
of which the metallic content requires the major por- 
tion of the application of labour in its application.” 





It was also decided to ask the International Labour 
Office “to make such enquiries as may be necessary 
among the Member States of the International Labour 
Organisation with a view to providing the next meeting 
of the Metal Trades Committee with data upon which 
a permanent definition might be based, and also to 
request it to “ consult with Governments from time to 
time... on the variations of national definitions 
from that given in the main resolution.” 





Mr. F. P. Walsh, President of the New Zealand 
Federated Seamen’s Union, which is affiliated to the 
New Zealand Federation of Labour, pointed out, in the 
course of a rt to the annual conference of the 
Federation, that economic controls could not be lifted 
now without risking the economic life of the country. 
He recommended certain changes, however, which 
might, he believed, have the effect of stimulating pro- 
duction. He was in favour, he said, of a well-planned 
price policy rather than direct man power and produc- 
tion controls to influence the direction of production 
and stressed that, at some point, subsidies, which were 
on the increase, would have to be removed. The only 
solution to the problems with which the country was 





faced was increased production. 
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SUBMERSIBLE BOLT-DRIVING AND PUNCHING GUN. 
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SUBMERSIBLE BOLT-DRIVING AND 
PUNCHING GUN. 


Ix the early part of the recent war, and with the 
object of simplifying and accelerating ship-salvage 
operations, Messrs. Temple Cox Development Company, 
Limited, High-street, Bromley, Kent, designed and 
produced an ingenious bolt-driving gun. It was used 
extensively by the Admiralty Salvage Department 
during the war and is now available for general use. 
In most salvage operations where temporary repairs 
are necessary before a ship can be moved, time saving 
is obviousl of the utmost importance. The common- 
est form of emergency repair required is that of attach- 
ing a temporary — plate over a hole in the hull, of 
sufficient strength and watertightness to enable the 
vessel to be taken to a dock for permanent repairs, 
and it is for this work that the Cox bolt-driving gun, 
illustrated in section on this page, is eminently suited, 
as it is equally effective above and below water and 
may be used at any depth to which a diver can 
descend. The gun, which may be held by hand, or sus- 
pended from an elastic sling for prolonged operations, 
enables solid steel bolts, threaded and pointed as shown 
at d on the drawing, to be driven into a steel plate by 
an explosive charge attached to the bolt, with litte 
report and without flash or shock from recoil. Pene- 


tration is controlled by suiting the pr in the | firing 


bolt ammunition to the thickness of the plate to be 
pierced, so that after firing, a portion of the threaded 
bolt projects through the plate and may be fitted with 
anut. Alternatively, the gun may be used for punch- 
ing clear holes in plates, the heen: d ammunition again 
being selected to suit the thickness of the plate. By 
these means, a patching plate, cut to shape and with all 
holes punched in the dry, may be lowered into position, 
jointed up, and speedily attached to the ship by shooting 
bolts through the prepared holes into the hull plating, 
the final operation being to fit and secure the nuts on 
the bolts. If necessary, an unpunched patch plate 
may be attached without preparation, by shooting the 
bolts through the patch and the hull plating, and then 
fitting the nuts as before. 

Referring to the drawing, the tool consists of three 
main parts: the gun body, a, with a rubber-covered 
handle b; the barrel c, containing the preloaded 
bolt ammunition d; and the tripod stabiliser e for 
assisting in the firing of bolts perpendicular to the sur- 
face of the plate, when this is specially desirable. The 
body a contains a buffer f with a firing pin g, and is fitted 
with a barrel-retaining catch A and a firing lock j, which, 
until depressed by the operator, prevents accidental 
firing. Suspension eyes k are provided with a chain sling 
to which is attached a stranded elastic cord, 6 ft. in 
length, capable of sustaining the weight of the gun and 
enabling it to be worked up and down with little 
effort through a total distance of 4 ft. The barrel c, 
with breech block / and muzzle m, is a separate 
assembly, and when loaded with bolt ammunition ha 
inserted complete into the body a@ until retained 
the catch h. To prevent water entering the fe | 
two fibre sealing discs n are provided, and the seal at 
the breech-block end is made by the metal-to-metal 
seating of the brass firing block o on the shoulder in 
the barrel at p, and by the copper percussion cap q, 
which is secured in the firing block. Bolt ammunition, 
for attaching one plate to another, is supplied in a 
standard size, § in. in diameter, threaded B.S.F., and 
44 in. long, and, together with the piston r, the propel- 
lent s, and the firing block o, forms a complete unit 
ready for loading into the barrel. The only variation is 
in the weight of the propellent, which is adjusted to suit 
different plate thicknesses, and the firing blocks are 
marked with index numbers, from | to 8, to indicate 
the plate thickness, in eighths of an inch, for which 
the ammunition is intended. Through the piston, the 
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tension stud ¢ joins the bolt to the firing block, and, on 
firing, the explosion first strips the thread off the 
part of the stud in the firing block. On release, 
the piston and bolt travel forward at high velocit 
until the piston is arrested by the block u, the bolt 
having pierced the sealing discs m. With the piston 
held, the momentum of the bolt strips the thread off 
the end of the stud securing it to the piston, and the 
bolt is then free to complete its ration of the 
plate. Firing is effected by releasing the firing lock j, 
and vigorously thrusting the gun body in a forward 
direction until the firing pin strikes the percussion 
cap, further forward motion being stopped by the 
buffer f meeting the breech block J. The recoil of 
the barrel is absorbed partly by the forward momen- 
tum of the gun body and by that of the bolt 
and piston when the latter is arrested by the block wu. 
The spring + does not function as a shock absorber, 
but is — a safety device to ensure that acci- 
dental firing does not occur during the insertion of the 
barrel into the gun body, when, by careless handling, 
the firing lock might be in the depressed position. 
After firing, the spring assists the return of the barrel to 
its forward position, ready for removal. The explosion 
ey a — the opening v, which, when the 

—_— under water, also serves to enable 
che weter isplaced by the barrel during the act of 
to escape. 

For locating Ty the gun over the holes in punched plates, 
a wooden register, w, is provided, which is shattered 
by the bolt during its passage into the plate. As the 
speed of working is controlled by the availability of 
loaded barrels, eight extra barrels are usually required 
to keep one gun in steady operation, the discharged 
barrels being reloaded while those ready for use are 
supplied to the operator. All bolts are made from 
100-ton tensile nickel-chrome molybdenum steel and 
are specially heat treated. The makers state that the 
bolt has a tensile strength of 16 tons, with a shearing 
strength of 10 tons, and that a force of 12 tons is 
required to remove a single bolt from a }-in. plate, 
which load is considerably greater than the strength 
of a normal §-in. steel nut. 

Another application of the gun concerns the use of 
hollow bolts for making a rapid connection, above 
or below water, to provide access to enclosed spaces 
for the supply of air or oxygen for breathing, or of 
compressed air for lifting operations. These bolts, 
which are also 4} in. long, are formed with an axial 
hole, $j in. in diameter, the exterior being plain, except 
for a short portion at the rear end, which is threaded 
}-in. Whitworth. A conical detachable nose-piece, 
screwed into the forward end, is incorporated in each 
bolt, and, after firing, the nose may be detached by in- 
serting a special screw-driver through the bolt to engage 
a slot in the stem of the nose, which falls away when 
unscrewed. A bronze T-adaptor is supplied for 
screwing on to the }-in. thread, one branch being 
— for a standard compressed-air hose coupling 

and the other for the standard diving air connection. 

For driving these bolts, a barrel, 12 in. in length, is 
required instead of the 7-in. barrel used for solid 
bolts and punching tools. In addition to the foregoing 
uses, the gun may be employed for the quick attach- 
ment of brackets and eyeplates, for purposes which 
commonly occur in salvage work, and another applica- 
tion is in the construction of cofferdams or other work 
in which heavy timbers have to be secured to steel 
a For this purpose, extension bolts are available 
or screwing on to the standard solid bolts. They are 

made in three lengths, 12 in., 18 in., and 24in., complete 
with washers and special wing-nuts, for rapid screwing- 
up and tightening with a tube lever. The operating 
weight of the standard gun is 36 lb. and the complete 
equipment, with accessories and tools to cover all con- 
tingencies, is supplied in a fitted box. The bolt and 
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punch ammunition, which is designated as Safe Small 
Arms, Class 6, Div. 1, is subject to the usual conditions 
for the transport or stowage of ordinary ammunition, 
and is therefore packed and supplied in additional cases. 
The sole agents for the gun are Messrs. Under-Water 
Cutters, Limited, 26, St. James’s-street, London, 8.W.1. 





CYLINDRICAL GRINDING MACHINE 
FOR SMALL PARTS. 

A compact cylindrical grinding machine which will 
handle parts of a maximum grinding diameter of 14 in., 
and maximum grinding length of 8 in., is now in 
production by Messrs. Truvox Engineering Company, 
Limited, Wembley Park, Middlesex. The machine, 
which is known as the Type C.G.1 Truvox grinder, is 
driven by a 2-h.p. motor running at 1,400 r.p.m., the 
electrical equipment being for a 400-440 volt, three- 
phase, 50-cycle supply. The grinding wheel is 7 in. 
in diameter by 1 in. wide, with a bore of 24 in., and the 
floor space occupied by the machine is 3 ft. 1 in. by 
2ft.7in. The base is a single box casting with hinged 
doors at the front and one end for access to the motor 
be electrical equipment. The top has a pair of 

for the reciprocating table which has a longi- 
tt inal traverse of 7} in. Covers attached to the ends 
of the table protect the ways from dust in all positions 
of the table. The workhead and tailstock are not 
attached directly to the table top, but to a superimposed 
subsidiary table which can be swivelled in the hori- 
zontal plane through an included angle of 12 deg. 
to provide for taper grinding. The table is traversed 
by means of a handwheel on the front of the base, 
through a roller chain and sprocket mechanism. A 
safety clutch is fitted to avoid undue shock when the 
table comes into contact with either of the two adjust- 
able stops on the table front edge. The wheelhead 
and headstock centres are 3} in. in height. 

The workhead spindle is driven by belt and change- 
speed pulleys giving four speeds, of 140 r.p.m., 250 
r.p.m., 460 r.p.m., and 836 r.p.m., respectively. The 
wheelhead is similarly driven and has two spindle 
speeds, namely, 3,300 r.p.m. and 4,000 r.p.m., giving 
peripheral speeds of 6,047 ft. per minute and 7,330 ft. 
per minute, respectiv ely, with a new 7-in. wheel. The 
wheelhead feed is hand-operated, the actuating hand- 
wheel having a graduated dial giving readings to 
0-001 in., while a vernier enables movements of 0-0001 
in. to be read. The maximum wheelhead in-feed is 
34% in., with the work carried between the centres ; 
if, however, the work is carried on the workhead only 
and the tailstock is removed, this traverse can be 
increased by jin. The grinding spindle is mounted in 
two adjustable bronze bearings and two combined 
thrust and journal ball bearings. It has automatic 
pressure lubrication from an oil sump in the wheelhead. 
The grinding wheel has a substantial guard, on top of 
which is mounted the coolant nozzle, the latter being 
connected by a flexible a to.a pump driven by the 
motor. A diamond holder is provided for the side 
dressing of the wheel. The machine is distributed for 
Messrs, Truvox Engineering Company by Messrs. E. H. 
Jones (Machine Tools), Limited, Edgware-road, The 
Hyde, London, N.W.9. 





GERMAN MACHINE TOOLS 4S REPARATIONS.— According 
to a report in The Times of Thursday, December 12, 
arrangements have been completed between the Inter- 
Allied Reparation Agency and the Commander-in-Chief 
of the British Zone in Germany for the immediate release, 
as reparations, of general-purpose machine tools and 
equipment to a value of RM. 75,000,000. The Agency 
expects that allocations of this equipment among the 
eighteen nations entitled to receive reparations from 
Germany will be completed early next year. 
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SULPHUR IN CAST IRON.* 
By H. Morrocn. 


In a previous paperf the author has discussed the 
metallography of inclusions in cast irons of normal 
composition and in those containing titanium and 
zirconium. From this it is apparent that sulphur is 
an important alloying element in cast iron and, in 
addition to its direct carbide-stabilising effects, has 
other major influences. It is largely unavoidable in 
cast iron with present raw materials and the existing 
manufacturing processes. Sulphur undoubtedly has 
undesirable features and this has led to its almost 
universa] acceptance as an unavoidable evil and hence 
its amount is usually kept to a minimum. This principle 
has served, and will continue to serve, a useful function 
in general iron-foundry practice, but for the fuller 
development of the potentialities of cast iron it will 
be necessary to regard sulphur as a useful alloying 
element. In many respects sulphur as an alloying 
element is unique, in so far as it can occur in many 
different forms as sulphides of other alloying elements, 
such as manganese, titanium, zirconium, vanadium, 
copper, chromium, aluminium, etc. The effect of 
sulphur in cast iron depends almost entirely u 
the manner in which it is combined with another 
element ; that is, upon which sulphide is formed. 

The elements nickel, molybdenum, copper, chromium, 
and aluminium, all form fairly stable sulphides, and 
it was the object of the work here reported to determine 
to what extent each of these elements could combine 
with sulphur in cast iron. In most commercial cast 
irons sulphur exists as manganese sulphide. Routine 
examination, over a number of years, of samples 





* A report on a research carried out with the aid of a 
grant from the Andrew Carnegie Research Fund, and 
entitled ‘“‘ The Neutralisation of Sulphur in Cast Iron by 
Various Alloying Elements,” presented before the Iron 
and Steel Institute on Thursday, November 14, 1946. 
Abridged. 

+ See JI. I. and S. Inst., vol. 143, page 207P (1941). 
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containing sulphur in this form, showed that nickel, 
in amounts up to about 20 per cent., had little or no 
effect on the mode of occurrence of the manganese 
sulphide ; copper, on the other hand, had little effect 
in amounts up to about 2 per cent.; beyond this the 
manganese sulphide developed a marked blue coloration, 
increasing in intensity with increasing amounts of 
copper until, when free primary copper was present, 
the sulphide tended to segregate in the copper globules. 
Chromium also had little effect on manganese sulphide 
in amounts up to 2 per cent., but in heat-resisting irons 
containing 30 per cent. of chromium the manganese 
sulphide was replaced by another sulphide. Molyb- 
denum did not appear to have any effect in amounts 
up to 1-5 per cent. on the manganese sulphide ; 
aluminium had little effect in amounts up to 8 per cent. 

It was obvious from these preliminary observations 
that the predominating affinity of manganese for sul- 
phur largely prevented the combination of these 
alloying elements with the sulphur, except in the case 
of very high copper and chromium contents. There- 
fore, in order to investigate the possibility of the 
occurrence of the sulphides of these elements it was 
necessary to work with a low manganese content and a 
high sulphur content so that free iron sulphide would 
be present in the microstructure. Under these condi- 
tions sulphur exerts a marked carbide-stabilising effect. 
The elements nickel, copper and aluminium are 
graphitising elements, and when added to such a base 
iron they might exercise a graphitising effect per se, 
and also by neutralising the effect of the sulphur by 
forming ote sulphides with it. A base iron with a 
relatively low- content (pig iron A) was there- 
fore chosen for this investigation ; in addition, some 
experiments were carried out with a Swedish white iron 
(pig iron 8). The compositions of these two irons are 
given in Table I. 

A charge of base iron and steel scrap, together with 
the necessary amount of alloy, was melted in a coke- 
fired forced-draught furnace (except in the case of 
aluminium when the aluminium was added after the 
charge had melted). When molten, the melt was 
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treated with a weighed amount of iron sulphide, and 
from the larger melts four 1-2-in. diameter test-bars 
were top-poured, at successively lower pouring tempera- 
tures, into green-sand moulds. In the case of melts of 
the Swedish white iron, the charges were smaller and 
only one test-bar was poured. In the copper series an 
additional group of melts was carried out to cast 3-in. 
diameter bars, and some smal] ingots were cast from a 
high-frequency induction-furnace melt. Particulars of 











TABLE I 

Element. | Pig-Iron A. | Pig-Iron S. 
T l 
Total carbon, per cent. ° e 3-93 | 4-0 
Silicon, per cent. .. 7a 0-88 0-2 
Hae oggee per cent. wid 0-30 0-10 
Sulphur, per cent. o% 0-145 | 0-005 
Phosphorus, per cent. 0-03 | 0-04 





the latter melt were as follows: the initial charge 
consisted of 1,600 grammes of Swedish wrought iron 
and 96 grammes of electrode carbon. When the iron 
was molten, 17-6 grammes of iron sulphide and 12 
grammes of copper were added and an ingot 0-875 in. 
in diameter (1F3) was cast. Another 9-75 grammes 
of copper were added to the melt and ingot 1F4 was 
poured. This was repeated for additions of 
15 grammes 21 grammes of copper, ingots 1F5 and 
1F6 being cast after each, respectively. Each ingot 
weighed a ximately 300 grammes. 

The addition of iron sulphide to the melt caused, 
in most cases, a marked turbulence with the evolution 
of considerable quantities of gas. This caused the 
majority of the test-bars to show extensive unsoundness, 
and so the results of the mechanical] tests were of little 
value and have not been reproduced here. After 
breaking transversely, a micro-specimen was taken at 
the fractured end of each bar. The samples for 
chemical analyses were taken adjacent to the spot 
used for micro-examination. 

In addition to the melts containing alloys, a melt 
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was carried out with the iron sulphide addition alone. 
This showed no unusual features, having a structure 
of a typical hypo-eutectic white iron with considerable 
amounts of manganese and iron sulphide. All the 
microphotographs reproduced in this paper at 1,500 
diameters were taken with a 2-mm. oil-immersion 
achromat N.A.1-3. Those at 800 diameters were 
taken with a 4-mm. dry apochromat, N.A. 0-95, and 
those at 60 diameters were taken with a 16-mm. 
achromat, N.A. 0-28 using no eyepiece. A yellow filter 
was used in every case. 

There are very few references in the literature to 
the possibility of a nickel sulphide occurring in ferrous 
alloys. The nickel-sulphur system has been studied 
and a useful summary of this work is given by Hansen. 
Merica and Waltenberg report the occurrence of nickel 
sulphide (Ni,S,) as a yellow phase in nickel containing 
more than 0-005 per cent. of sulphur. This — 
has a freezing point at approximately 790 deg. C. Vogel 
and Tonn have investigated the iron-nickel-sulphur 
system and in the iron-rich corner of the equilibrium 
diagram they indicate iron sulphide (FeS) to be the 
only sulphide phase present. Nickel sulphide only 
occurs in this system with very high concentrations of 
nickel and sulphur which are completely outside the 
range likely to be found in cast irons. It would appear 
from the information available in the literature that 
nickel would not be expected to form a sulphide in 
castiron. 

Nine melts were carried out in this series and the 
microstructures and chemical analyses are given in 
Table II. The first six samples were made from pig 
iron A; the last three from pig iron S. In all cases the 
only sulphides present were iron sulphide (which almost 
certainly contains manganese sulphide in solution) and 
manganese sulphide (which contains iron sulphide in 
solution). This confirms the indications given in the 
literature and as a result of these experiments it is felt 
that it may be stated safely that nickel in amounts up 
to about 20 per cent. in cast iron does not affect the 
form in which the sulphur exists. As far as the effect of 
nickel on the matrix structure was concerned, the 
structures obtained were quite normal and are indicated 
in Table II. 


TABLE II.—Microstructures and Analyses of Samples in 
the Nickel Series. 
































Analysis. 

Sample.| Microstructure. T.C si Mn 3 Ni 

per per per per per 

cent. | cent. | cent. | cent. | cent. 
MS/499 | p+ c ..| 2°87 | 0-76 | 0-25 | 0-526) 0-88 
MS /500 iY +@  .% ..| 3-22 | 0-80 | 0-18 | 0-466 1-77 

MS/520 | Very fine p+c 

andg .. ..| 2-89 | 0-85 | 0-20 | 0-497 3-13 
MS/519 | mina + gandc/ 2-50 / 1-02 | 0-20 | 0-494 6-79 
MS/544;a+¢ ..| 2-89 | 1-47 | 0-25 | 0-509 | 13-68 
MS/545 | a+g 2-88 | 1-73 | 0-20 | 0-609 | 20-19 
MS/525 Rr ° oon ..| 3-04 | 0-21 | 0-15 | 0-308 1-73 
MS/524 | Very fine p +c | 2-90 | 0-32 | 0-19 | 0-285 | 3-28 
MS/523 | mina + gandc| 2-84 | 0-45 | 0-15 | 0-304 6-31 
Note.—p = pearlite; c =cementite; g = graphite; m= 


martensite ; a = austenite. 

Samples MS/499, MS/500, MS/525, and MS/524, 
had typical hypo-eutectic white-iron structures, but 
in MS/520 an abnormal graphite structure appeared. 


This iron was mottled, but did not contain normal | 
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graphite flakes. Instead, the graphite was distributed 
around the lakes of cementite in the mottled regions 
in a mesh-like pattern. A typical spot taken from 
specimen MS/520 is illustrated in Fig. 1, opposite. 
This structure has been reported previously* in an 
iron containing titanium and vanadium which had 
been treated with iron sulphide. In addition to these 
graphite formations a few spherulitic carbon nodules 
of a very small order of size were noted (Fig. 2). In 
the case where this mesh-like graphite structure was 
noted previously it was that it formed by 
decomposition of cementite after solidification. Its 
occurrence in this series containing nickel in no way 
disproves the theory, and, in the author’s view, 
simultaneous occurrence of spherulitic carbon nodules 
adds further support to the idea. It is of interest to 
consider by what mechanism irons of this composition 
tend to give this structure. 

In cast irons and steels the reaction between man- 
ganese and iron sulphide may be represented by the 


equation : 
FeS + Mn = MnS + Fe. 

The reversibility of this reaction is well established and 
for all the sulphur t» be present as manganese sulphide 
it is necessary to have an excess of manganese over the 
theoretical percentage indicated by the formula (MnS). 
The irons prepared for this work had relatively low 
manganese and high sulphur contents, and, as a result, 
the reaction never Press to completion with these 
concentrations, and so there resulted an equilibrium 
mixture of manganese sulphide and iron sulphide (and 
manganese). At higher temperatures the above re- 
action tends to proceed to the left, that is, to give 
increasing amounts of iron sulphide and, conversely, as 
a casting cools, the amount of manganese sulphide 
should increase. It is also a well-established fact that 
sulphur in the form of iron sulphide exerts a pronounced 
carbide-stabilising effect, and when in the form of 
manganese sulphide it behaves neutrally. Thus at 
certain critical compositions it is conceivable that 
during solidification sufficient sulphur may be present 
as iron sulphide to effect carbide stabilisation, but at 
some temperature shortly after solidification, when 
more manganese sulphide has formed and less iron 
sulphide is present, there will be less of this latter 
phase to maintain a stable carbide (under these condi- 
tions of cooling) and graphitisation will occur. 

Sample MS/524, made from the Swedish iron and 
having a nickel content close to that of MS/520, but 
with a lower sulphur content and a very much lower 
silicon content, was completely white. No doubt the 
low silicon content was the predominating factor. 
Sample MS/519 was similar to MS/524, but, as one 
would expect with the higher nickel content, it con- 
tained much more graphite and much less cementite. 
Sample MS/523, made from the Swedish iron and with 
a nickel content similar to that of sample MS/519, but 
with lower silicon and sulphur contents, closely resem- 
bled MS/519, showing well-developed mesh-like gra- 
phite clearly delineating areas of eutectic carbide, but 
rather more and better-developed graphite spherulites. 

The two remaining samples, MS/544 and MS/545, 
containing 13-7 per cent. and 20-2 per cent. of nickel, 
respectively, were completely grey, and at low magni- 
fications the graphite appeared to be of the well-known 
supercooled variety in a characteristic interdendritic 
distribution. However, at high magnifications the 





* H. Morrogh, loc. cit. 
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graphite was obviously not supercooled, but mesh-like 
graphite; no individual graphite flakes were visible 
and all the graphite was in the form of a reticulated 
membrane. In these cases the graphitising effect of 
nickel was sufficient to cause complete graphitisation 
after solidification if the theory given above is correct. 
It is not suggested that these structures are the result 
of a unique effect of nickel in the presence of a high 
sulphur content. They have been produced previously, 
to some extent, in an iron containing no nickel, and, 
as will be shown later, they have occurred in samples 
containing copper. 

No evidence was found in the literature indicating 
the interaction of molybdenum and sulphur in steels 
or cast irons, and no information was available on the 
molybdenum-sulphur system. By heating molyb- 
denum wire in an atmosphere of sulphur vapour at 
1,100 deg. C. for 1 hour, a thin coating of molybdenite 
(molybdenum sulphide (MoS,)) was obtained. By 
the addition of sulphur to molten ferro-molybdenum a 
dull grey phase was obtained embedded in the metallic 
matrix. This may have been an iron-molybdenum 
sulphide. To investigate the effect of molybdenum 
in high-sulphur cast irons, five melts were carried out. 
The ferro-molybdenum (67-8 per cent. of molybdenum) 
alloy addition was placed in the cold crucible along 
with the rest of the charge and as a result considerable 
losses of molybdenum were experienced. The micro- 
structures obtained and the chemical analyses are 
given in Table IIT. - 


TABLE IIIl.—Microstructures and Analyses of Samples in 
the Molybdenum Series. 
(Pig-iron A used in each case.) 





Analysis. 





Sample.| Microstructure. T.C.. si, | Mn, s, Mo, 
per | per | per per per 
cent. | cent. | cent. | cent. | cent. 











MS/517|c +p -| 3-04 | 0-76 | 0-29 | 0-498 | 0-54 
MS/518 | ¢ + p -| 2-84 | 0-67 | 0-24 | 0-494 | 0-96 
MS/556j)c+p .. ..| 3-11 | 0-79 | 0-29 | 0-488 | 1-50 
MS/557 | c + p + trace of 

on. - .t ..| 8-08 | 0-91 | 0-28 | 0-514 | 1-87 
MS/558 | c + a. 2-92 | 0-93 | 0-25 | 0-544 | 2-00 














Note.—c = cementite ; p = pearlite ; a.s. = acicularstructure. 


As far as the general microstructure of these irons is 
concerned, at low magnifications they are all typical 
hypo-eutectic white irons. MS/517, MS/518, and 
MS/556, all show primary dendrites transformed to 
pearlite, but MS/557 shows very coarsely laminated 
pearlite with traces of the acicular structure. In 
these four irons the sulphides present are the normal 
manganese sulphide and iron sulphide phases; the 
molybdenum did not appear to influence the mode of 
occurrence of the sulphur. In sample MS/558 (con- 
taining 2 per cent. of molybdenum), however, at high 
magnifications a group of new phases occurred; the 
primary dendrites were entirely transformed to an 
acicular structure. Considerable quantities of normal 
manganese-sul phide /iron-sulphide duplex particles were 
present and in some areas of the eutectic carbide a 
complex structure was visible. This structure was on 
a very fine scale, but appeared to consist of cementite 
as the continuous phase with finely divided particles 
of ferrite, a hard white constituent standing up in 
relief from the cementite, and a grey-khaki 3 
The hard white phase was similar to that observed as 
the fourth phase in the phosphide eutectic of an iron 
containing molybdenum, and it is tentatively suggested 
that this is a molybdenum carbide. The grey-khaki 
phase strongly resembled iron sulphide, except for its 
marked greyish appearance. Under polarised light 
between crossed Nicols it exhibited a faint anisotropy. 
By etching tests it could not be differentiated from iron 
sulphide. It is suggested that the phase is iron sulphide 
combined with molybdenum. Fig. 3, opposite, which, 
like nearly all the microphotographs, has been etched 
with picric acid, illustrates a typical aggregate of 
manganese sulphide and iron sulphide in this sample. 
Fig. 4 shows a carbide area with fine spots of ferrite, 
“ molybdenum carbide,” and the sulphide phase. 

No information was discovered in the literature 
which had any direct bearing on this investigation 
upon the effect of copper on the mode of occurrence of 
jac td in cast iron or steels. In irons containing 

cient manganese to balance the sulphur content as 
manganese sulphide, copper does not appear to have 
any obvious influence, but in such irons also with 
sufficient a to give primary globules, the man- 
ganese sulphide tends to segregate in the massive free 
copper areas. This has been illustrated previously by 
A. J. Nicol Smith. Norbury and Morgan have found 
that the occurrence of primary globules of free copper 
tends to promote the formation of supercooled graphite 
and they have attributed this effect to the fact that 
copper, in excess of the liquid solubility, would coat the 
solid inclusions with liquid and render them non- 
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inoculating. It would appear from these observations 
that manganese has a greater affinity for sulphur than 
has copper, which confirms the opinion of Schiitz. 

The copper-sulphur system has been investigated 
and shown to have a eutectic point at approximately 
0-77 per cent. of sulphur and at 1,067 fe. C., the 
eutectic consisting of copper and cuprous sulphide 
(Cu,S). Cuprous sulphide has a melting point of 
1,127 deg. C., and according to voh Schwarz has a 
blue-grey appearance. The cuprous-sulphide/ferrous- 
sulphide system has been investigated but the claims 
made in the literature are somewhat confusing. Rént- 
gen obtained a liquidus curve with maximum points 
corresponding to the double sulphides Cu,S: FeS = 
3:2, Cu,S:FeS = 1:1, and Cu,S: FeS = 2: 5, while 
Hofman found a simple eutectiferous system. 

Eleven melts were carried out in this series and the 
microstructures and the chemical anal are indicated 
n Table IV. Pig iron A was used for the first eight 


TABLE IV.— Microstructures and Analyses of Samples in 
the Copper Series. 





| Analysis. 








j | 
Sample.| Microstructure. |» si, | mn, | 3s, | cu, 
| per per per r per 
| cent. | cent. | cent. | cent. | cent 
| } 
MS/574|c+p -| 2-93 | 0-72 | 0-24 | 0-473 | 0-81 
MS/575 | c +p -| 2-83 | 0-74 | 0-24] 0-531 | 1-47 
MS/576 |} c¢ +p -| 3-03 | 0-75 | O-21 | 0-346 | 2-94 
MS/578 |e +p -| 2-78 | 0-63 | 0-15 | 0-309 | 5-37 
MS/580 | p+c+g -| 3-27 | 0-87 | 0-12 | 0-312 | 0-63 
MS/581|p+g+e -| 3°27 | 0-87 | 0-14 | 0-337 | 1-79 
MS/582 | p+g+ec -| 3°33 | O-94 | 0-08 | 0-232 | 2-57 
MS/583|p+g . -| 3-69 | 0-85 | 0-12 | 0-270 | 5-26 
MS/156|c +p —_— — 0-13 | 0-275 | 1-65 
MS/149|}c +p _ _ 0-10 | 0-222 | 3-29 
MS/157 | c + p _ 0-11 | 0-200 | 5-88 























Note.—c = cementite; p = pearlite; g = graphite. 


melts and pig iron S for the last three. The diameter 
of the sample bars was 1-2 in. in the case of the first 
four and last three melts, and 3 in. in the case of the 
other four melts. The first four melts were carried out 
according to the standard procedure described previ- 
ously and these will be dealt with first. Sample 
MS/574, containing 0-81 per cent. of copper, showed 
at least three different sulphide phases. First, normal 
manganese sulphide crystals were present in fairly 
large amounts and were generally surrounded by a thin 
film of carbide (Fig. 5, on page 598). Iron sulphide was 
present, and usually associated with a deep-brown 
phase. Frequently all three occurred together in the 
same particles and occasionally the deep-brown phase 
had a very fine eutectic-like structure with itself as the 
continuous phase and a light blue dispersed phase in 
the form of very small round spots. Fig. 6, page 598, 
illustrates one such complex particle with manganese 
sulphide at the top, iron sulphide at the centre, and 
the deep-brown phase with eutectic-like blue spots at 
the bottom. 

This eutectic-like structure was very fine and only 
just visible on the original micrograph. It was found 
that etching in dilute aqueous ammonium salts caused 
the deep-brown phase to assume a bright blue-purple 
coloration and the same effect was obtained by polish- 
ing the specimen with alumina prepared from am- 
monium alum. By polishing with carefully washed 
alumina prepared from aluminium sulphate, or by 
polishing with magnesium oxide, what is assumed to 
be the normal brown coloration was obtained. The 
production of this blue-purple film by ammonium salts 
is taken to indicate the presence of copper in the deep- 
brown phase and it is suggested that it is either a solid 
solution of Cu,S in FeS or a double sulphide, the 
stoichiometrical ratio being unknown. 

Sample MS/575, containing 1-47 per cent. of copper, 
was similar to the previous sample, but the fine eutectic- 
like structure in the deep-brown phase tended to be 
more clearly developed in most cases. Sample MS/576, 
containing 2-94 per cent. of copper, was similar to the 
previous sample but it had much less iron sulphide. 
Manganese sulphide and the deep-brown phase with the 
eutectic-like appearance occurred together in round 
blobs. A typical spot is illustrated in Fig. 7, page 599. 
One abnormal case was noted where the blob contained 
manganese sulphide crystals and manganese sulphide 
lamella in a background of the deep-brown phase 
with the fine blue spot; this is shown in Fig. 8, on 
page 599. Great difficulty was experienced in resolv- 
ing and photographing the eutectic-like structure. 
While all the specimens illustrated clearly showed 
the duplex character of the structure when examined 
visually, the actual pattern may not be clearly apparent 
on the micrographs. Visually, the structure was easily 
resolved with a monobromonaphthalene-immersion 
objective, N.A. 1-6, but using the deep-blue filter neces- 
sary with this lens all photographic contrast was lost. 

(To be continued.) 
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ELECTRICAL APPARATUS. 


580,374. High-Frequency Heating. British Insulated 
Cables, Limited, of Prescot, J. C. Quayle, of Helsby, and 
P. Jones, of Kelsall. (7 Figs.) March 16, 1944.—To 
mould thermoplastic material into any desired form a 
combination of heat and pressure is required. The 
invention is a press in which heat is generated in the 
material by subjecting it to a high-frequency electric 
field between two electrodes. The material forms the 
di-electric of a condenser. The electrode plates 1, 2 
of the hydraulic press are rectangular and mounted 
on a base 3. The whole of the space between the 
electrodes and that directly surrounding them is en- 
closed by a casing of sheet metal. The casing consists 
of two similar side parts 12, a rear part, and a front 
part. The front part is mounted on hinges so that 
it can be opened to give access to the space between the 
electrodes for the insertion and removal of the work- 
piece. The casing is attached at its upper edge to the 
top of the electrode 1 by a flange and extends upwards 
and outwards in a continuous curve and then down- 
wards, and finally is turned up and screwed to the lower 
part of the lower electrode 2. The four parts of the casing 
completely enclose a space round the electrodes 1 and 2, 
and are flexible so that they can accommodate them- 
selves to the rise and fall of the lower electrode 2. Con- 





(20,274) * 


nection to the high-frequency supply is by two cables 23 
of the co-axial type. The outer conductor of each of 
these cables is earthed and is connected directly to the 
easing, while the inner conductor is carried inside the 
casing. In the casing a tube 36, in the form of a loop, is 
connected to the inner conductor and supported by an 
insulator 27. The other end of the tube is connected to 
the casing 12 at the point close to the cable entry and 
to the electrode 1. The two loops produce a magnetic 
field in the casing 12 and act as the primary of a trans- 
former, the secondary of which is formed by the walls 
of the casing and the electrodes 1 and 2. Electric and 
magnetic fields are formed, but the electric field pre- 
dominates in the narrow space between the two elec- 
trodes 1 and 2, where it is required for the purpose of 
the heat treatment, while the magnetic field is located 
mainly in the space enclosed by the casing outside the 
electrodes. The axis of the electric field is vertical and 
that of the magnetic field follows a path encircling the 
electrodes 1 and 2. By the enclosure of the region in 
whicb the high-frequency currents operate, the electric 
and magnetic fields are confined to this region and do 
not radiate energy. This avoids interference with other 
electrical apparatus and dissipation of energy from the 
apparatus. (Accepted September 5, 1946.) 


HYDRAULIC APPARATUS. 


580,133. Oil Filter. Tecalemit, Limited, of Brentford, 
and C. C, S. Le Clair, of Brentford. (1 Fig.) May 15, 
1944.—Oil to be filtered is passed through felt, and some 
of the fibres constituting the felt become detached and 
enter the filtered oil. To overcome this objection, the 
invention provides a finely woven fabric between the 
supporting frame and the felt to prevent the fibres 
passing through the filter. The fibres at the cut edges 
of the woven fabric av the top and bottom of the filtering 
element are, however, liable to become detached. To 
prevent this, the two ends of the woven fabric and 
filtering felt of the filtering element are dipped in a 
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solution of cement. The cement holds together all loose 
fibres at the ends of the filtering element, both of the fet 
and of the woven fabric. The filter consists of a filter 
head 1 with inlet and outlet branches. A container 4 
ig attached to the head 1 by a centre bolt which screws 
into a boss projecting from the base of the container. 
When the centre bolt is tightened, the top edge of the 
container is pulled into liquid-tight contact with a sealing 
ring in a recess in the head 1. The filter element is 
supported between a top pressure plate 7.on a hollow 
boss forming part of the outict branch of the container, 
and a bottom pressure plate 8, by a spring between the 
base of the container and the bottom pressure plate 8. 
The filter element is made up of a strip of filtering felt 10, 
which is mounted on a hollow pervious metal supporting 














frame 11 made of wire gauze. The frame 11 is made 
narrower than the felt, so that at each end of the element 
the felt projects 4 in. beyond the edges of the frame. 
To stiffen the top and bottom end parts of the filtering 
felt 10, reinforcing felt strips 12 are arranged within the 
filtering felt around the end parts of a backing layer of 
woven linen round the hollow frame 11. The projecting 
ends of the filtering felt 10 and woven fabric of the filter 
element are dipped in cement and form U-shaped rings 
in which the extreme fibres at the cut top and bottom 
ends of the woven fabric and filtering felt are embedded 
and held. A red dye is added to the solution of cement, 
which indicates by its presence that the filtering element 
has been effectively dipped. (Accepted August 28, 1946.) 


MISCELLANEOUS. 


581,042. Fixing Handles to Cups. Globe Pottery 
Company, Limited, of Stoke-on-Trent, and W. G. Gregson, 
of Stoke-on-Trent. (4 Figs.) May 25, 1944.—The 
invention is a simple hand-operated apparatus for 
fixing handles to cups. Mounted on the base a is a 
rotatable bolder for the cup body d. The holder and 
the cup body can be rotated by a hand lever f. A 
release arm g, spring-loaded to the base a, extends from 
the holder. The cup bandle is loosely held in a clearance 
slot in the upper face of the die j. The die is connected 
to a slide k, which is held out by means of the coiled 
compression-spring located between a cap on the outer 
end of the slide and one face of a pedestal mounted on 
the base a. The slide k has a pin and slot connection, 
with a pivoted operating lever n by which it can be 
moved forward. The operating lever contacts an 
adjustable stop o in a pedestal on the base a to limit 
the traverse of the slide k. One arm of a spring-loaded 
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pitoted catch lever h on a pedestal engages a pin pro- 
jecting from the underside of the slide k. The release 
arm g extending from the cup-body holder contacts the 
other arm of the catch lever h to rock it against the 
loading of a tension spring to allow resetting of the 
slide k. The cup body d is placed on the holder. A 
cup handle is placed in the slot in the die j and the 
die is forced, by the operation of the operaving lever n, 
into contact with the cup body d. The pressure applied 
causes the one part. to adhere to the other. The body 
holder is rotated by the hand lever lifting the handle 
from the slot in the die j. ‘The body and handle are 
removed from the holder. The holder is further rotated 
by the hand lever f and the arm g contacts one end of 
the spring-loaded catch lever h and trips the lever to 
release the slide k, which returns to its initial position, 
due to the loading of the compression spring. The cup 
holder is formed in two sections coupled together, the 
smaller section providing a gripping holder within the 





cup body d. (Accepted September 30, 1946.) 
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DEVONPORT. DOCKYARD, 
1917-22.* 


By Enormvezr Caprain Epear C. Sirs, 
O.B.E.. R.N. 


(Concluded from page 534.) 


Durine 1917-18, officers and men in the Navy 
were not only engaged in a struggle with a powerful 
enemy, but were also fighting a losing battle with 
their tradesmen. While their wives were impatiently 
queueing up for the family rations, they themselves 
equally impatiently waited for the authorities to 
relieve them from their growing financial difficulties. 
Service in the Navy certainly has some advantages, 
and one distinguished officer had referred to these 
in his address to the cadets in the Britannia, re- 
minding them that their widows would be entitled 
to pensions! But no one ever joined the Navy to 
gain wealth. Without going so far as to consider 
the naval service a sweated industry, it could never 
be said that either officers or men were adequately 
paid. A scrutiny of pay lists not so very long ago 
might cause it to be regarded as “a penny-a-day 
navy.” That humble unit was considered sufficient 
extra remuneration for the person who looked after 
the ship’s library, the boy who blew the bugle, and 





ENGINEERING. 


It had been my practice to draw up onsale 
balance sheets, which now came in useful. Looking 
back, I wonder how we managed to carry on. In 
the first two columns will be seen the position in 
1912 and 1917, and in the third I gave a rough 
estimate of what I thought fair for an officer eligible 
for the charge of the machinery of any of His 
Majesty’s battleships. When the new rates of pay 
were announced in Admiralty Weekly Order No. 
2483a of July 19, 1919, I found that I was entitled 
to 9671. 5s. Od. full pay, plus 2201. in lieu of lodgings, 
food and servant. The total, therefore, was just 
the mean of the two sums at the bottom of column 3. 
It was a very great relief to be able to put one’s 
finances in order, though I only enjoyed the new 
rates of pay for something over two years. I gather 
that to-day an officer would get about 50 per cent. 
increase on the rates of 25 years ago; but then the 
cost of living and taxation have gone up quite as 
much, and perhaps more, 

With the cessation of hostilities and the conse- 
quent reduction in the pressure of work, though my 
days were pretty fully occupied, I found time to 
do a little writing ; and an article which I sent to 
ENGINEERING in the spring of 1919 on the work 
of Sadi Carnot had far-reaching results. In his 
letter accepting the article, Dr. W. H. Maw called 





my attention to the arrangements being made at | - 











Fig. 5. 


the man who qualified as a diver. 
badges, given after years of exemplary service, 
brought their recipients a daily penny and some of 
these pence the Treasury obtained by charging 
officers occupying cabins a penny a day for use of 
mattress, chair and wash basin. 

Coming nearer to our own time, Lord Chatfield, 
in his autobiography, The Navy and Defence (1942), 
wrote that “‘ actually the sailor could scarcely live 
at all” and that “‘ It is no exaggeration to say that 
the treatment of the Navy during the last years 
of war [1914-18] was a political scandal.” Of 
course, nearly all of us were in the same boat, and 
understood each other’s difficulties, but that did not 
help much when we totted up assets and liabilities. 
The struggle with Germany over, steps were taken 
to afford us some relief, and committees were 
appointed to thrash out the matter ; so the records 
of 1919 open with reports of the inquiries by 
Admirals Jerram and Halsey. For the first time 
the Navy was allowed to discuss its troubles openly. 
At a meeting of the engineer officers at Devonport, 
presided over by Engineer Rear-Admiral Sir Henry 
Humphrey, I was asked to represent them as a 
delegate to a sort of conference in London, their 
choice being influenced, no doubt, by my possession 
of hostages to fortune. As such, I had to answer a 
questionnaire on pay, officers’ and widows’ pensions, 
marriage and children’s allowances—then compara- 
tively new ideas—travelling facilities, etc. My 
answers were made in accordance with the general 
views, but to my remarks I added a “ Personal 
Statement,” which I give here as a contribution to 
the social history of the Navy. 


NEWCOMEN MONUMENT AT DARTMOUTH. 


Good conduct | Birmingham to commemorate the centenary of the 

















Fie. 6. Ricnarp SENNETT. 


death of James Watt. He suggested that I might 
like to get into touch with the committee and, at 
the same time, did me the honour to ask me to 
write a memoir on Watt for his journal. The 
president of the Committee was the Lord Mayor of 
Birmingham, Sir David Brooks; the chairman, the 
late Sir William Mills, the inventor of the Mills 
bomb ; and the honorary secretary, the late R. B. 
Askquith Ellis. My letter to the last-mentioned 
led to my name being added to those on the Com- 
mittee and to a request that I should attend the 
celebrations as the representative of the Navy. To 
this request I replied that I was not their man at all, 
but that they should endeavour to get the Engineer- 
in-Chief, Engineer Vice-Admiral Sir George Good- 
win. Believing, like many others, that the Engin- 
eering Branch of the Navy deserved more recogni- 
tion than it had received for its work in the war, 
I took the liberty to point out that “ Admirals and 
Field Marshals and Generals have had Freedoms 
conferred, they have been made LL.D.’s, etc., but, 
so far as I know, not one of the London or Provincial 
Institutions or Universities had so far made the 
Engineer-in-Chief an honorary member or a D.Sc.” 
I drew attention to the appropriateness of the 
occasion for some such recognition and expressed 
the hope that, if the University were conferring 
any honorary degrees, the Navy would not be over- 
looked. It was with much satisfaction that I 
learned, subsequently, that Admiral Goodwin had 
accepted an invitation to attend the celebrations. 
My memoir on the life and work of Watt appeared 





immediately I received a RRES from the Engineer- 
in-Chief, to whom I was personally unknown, 
asking if I would go to Birmingham with him. 
To this there was only one answer and in due 
course came the official notification that I had been 
selected, with Admiral Goodwin, “‘ to represent the 
Admiralty at the Celebrations of the Centenary 
of James Watt, to be held in Birmingham on the 
16th, 17th, and 18th September.” 

The celebrations included an official reception, 
garden parties at Watt’s old house, Heathfield 
Hall, and the Botanical Gardens, an exhibition of 
documents, lectures by Professors F. W. Burstall, 
H. S. Hele-Shaw, J. D. Cormack, and Sir Oliver 
Lodge, and a Degree Congregation by the Univer- 
sity. I had never been present before at the 
conferment of degrees and was therefore much 
interested in listening to Sir Oliver Lodge’s citations 
as he presented each of the distinguished recipients 
to the Vice-Chancellor, Sir Gilbert Barling. Hono- 
rary LL.D.’s were conferred on the American 
Ambassador (Mr. J. W. Davis), Professor Auguste 
Rateau, the French engineer, Professor Archibald 
Barr, of range-finder fame, Sir George Beilby, 
Colonel W. C. Blackett, Mr. F. W. Lanchester, and 
Admiral Goodwin. 


: Personal Statement bs tas 


| Correspond- 

















| | ing Amounts 
1912. | 1917. for Meeting 
| Expenditure 
} Today. 
, . . 
Rank Engr. Lt. Engr. Engr. 
Comdr. | Comdr. | Comdr 
Age .. : F 39 | 44 46 
Family: Wife and 5 | 
children. Ages | 8, 7, 6,3, 1. | 13, 12, 10, 15, 14, 12 
| | 8, 6. 10, 8. 
Pay and Allowance . .) ’ £538 
£25 temp. 
increase. 
Rent, taxes, rates, £ £ £ 
upkeep of furniture 
and household gear 65 100 150 to 175 
Fuel and light Ae 12 20 30-35 
Food ke 120 200 250 
Wages (servants) ..| (2) 40 (1) 22 (2) 50 
Laundry ; He 6 10 30 
Clothing . ah 126 146 200-250 
Insurances .. 7 7 20-30 
Doctor, dentist, etc. 6 8 12-20 
Education .. $e 4 30 250-300 
Railway fares + | 
Melidags ‘y } 
reation > | 9 , 
Subscriptions a } ” 60-80 
Pocket money | 
Books and aes, ete. J 
Savings Nil Nil 25-50 
} epenhndemaneripes 
£1,077 to 


£1, 270 — 








On my return to Devonport, I sent an account 
of the centenary proceedings to the Western Morning 
News, a copy of which went to the Engineer-in-Chief. 
He liked the article, but asked why I had not 
included the opening words of Sir Oliver Lodge’s 
citation, that “‘The engineering efficiency of the 
Navy is well known to be of a very high order,” as 
he wished that to be generally ‘known. No full 
report of the Degree Congregation had appeared 
in the Press, so I wrote to Sir Oliver, asking if he 
could kindly give me a copy of what he said. To 
my astonishment, he replied that he had no recollec- 
tion of presenting Admiral Goodwin for a degree 
and suggested that I had made a mistake! It had 
not occurred to me that the conferment of degrees, 
a fascinating function, was just ordinary routine 
to the principal of a university and nothing to 
make a fuss about. However, I never got the 
citation. Sir Oliver’s lecture had been on the 
“Sources of Energy.” Three months earlier the 
Germans had scuttled their ships at Scapa, and, in 
dealing with radio activity asa source of energy, Sir 
Oliver said that ‘if, ultimately, they were able to 
extract and utilise mechanically the whole of the 
energy in an ounce of matter, they would find 
enough to raise the German Navy and pile it on 
the top of a Scottish mountain.” 

A quite unexpected outcome of the gatherings 
at Birmingham arose from a conversation over the 
tea table, at the garden party at Heathfield Hall, 
between two engineers, Mr. Arthur Titley and the 
late John Willim Hall; for it was this conversation 
which led to Birmingham becoming the birthplace 





in Enoryerrine of August 22, 1919, and almost 


of the Newcomen Society for furthering the study 
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of engineering history. "papi: two years pre- 
viously, Birmingham had seen the foundation of 
the Institution of Mechanical Engineers, which, for 
30 years, had its headquarters in the city ; but, in 
spite of its intimate connection with the scene of 
Watt’s labours, the Institution as a body held 
strangely aloof from the centenary proceedings. 
Many of its members, however, played an important 
part in them and were also prominent in the forma- 
tion of the Newcomen Society. 

The story of how the Society came into existence 
was told by Mr. Titley in a paper read to the Society 
on November 12, 1941, at its coming of age, and 
reprinted in ENGINEERING, vol. 152, page 394 (1941). 
Though I met some of its promoters, I was in no 
way connected with its formation; but my name 
appeared among the first list of members published, 
and I have had the honour of always serving on the 
Council, and of being its president in 1938-39. 
From very small beginnings, it has grown until, 
today, it has a membership, including that of the 
North American branch, of over 5,000. Devonport 
being too far from Birmingham and London, I was 
not able to attend its earliest meetings but, on July 
21, 1921, I represented the Society at the inaugura- 
tion of the monument at Dartmouth to the famous 
man whose name had been adopted, Thomas 
Newcomen. Suggestions for some such memorial 
were put forward as early as 1911 and a committee 
with Mr. Caston as honorary secretary had collected, 
by 1914, about 150/., towards which H.R.H. the 
Prince of Wales had contributed. At the outbreak 
of war, in August, 1914, the money was banked and 
nothing more was done until 1919. The committee 
was then got together again, with Mr. B. Magenis as 
honorary secretary, and it was largely due to his 
enthusiasm that the scheme was finally carried out. 
The memorial, consisting of two blocks of granite, 
one of them bearing a bronze tablet with a represen- 
tation of a Newcomen engine, was unveiled by the 
Mayoress, Mrs. C. Peek. It is shown in Fig. 5, on 
page 601, with the Newcomen Society’s chaplet at 
its foot. Mr. Magenis, who began his career in the 
shops of Thornycroft at Chiswick, has long been 
associated with the local shipbuilders and engineers, 

Messrs. Philip and Sons, and is still an enthusiastic 
student of engineering history. 

Five days after visiting Dartmouth, I was present 
at the unveiling of another memorial, this time in 
Keyham College, when two oak tablets, bearing the 


names of 62 engineer officers who gave their lives | production of gridirons and the sale of these at 


in the war, were dedicated. All of the officers 
named had been trained in the college. The unveil- 
ing was performed by the Commander-in-Chief, 
Admiral Sir Montague E. Browning, who, after 
referring to the ships in which the fallen officers had 
served and the actions they had taken part in, 
said that, while the duties of these officers had 
not taken them to the bridge or the guns, where the 
enemy could be seen, ‘‘ It was their part to so direct 


the motive power of the ships in which they served, | practical men, but they had to pass it, or stand the 
great or small, that their brother officers who were | rub. From an examination paper of 1872 for 
on the bridge or at the guns could so move their ships | engineer students and for engineers working for pro- 


against the enemy that they advanced to the best 


advantage in the attack, and could direct the| ants were supposed to be able to integrate func- 


armament to the best advantage against the 


enemy. How splendidly the duties of these officers | of caustic potash to cupric chloride, and to give the 
were performed the dispatches of their admirals and | circumstances of the origin of “ Peter’s Pence, 


the history of the country will reveal.” 


My connection with the Watt celebrations did | don, Statute of Mortmain, Petition of Right, Bill 
much to increase my interest in engineering history | of Rights, Act of Succession and the Catholic 


and, soon after returning to Devonport, I prepared 


a lecture on Watt which I gave at the Plymouth | the academic folk to have it all their own way. I 
Athenzum and at the Royal Naval Engineering | don’t suppose that the examiner set a slide valve or 
Time and chance seemed to conspire to | adjusted a piston ring in his life ; or, if he had done 
urge me to continue the study, especially of the | so, that he would have found the Statute of Mortmain 
history of naval engineers and engineering, on|of any assistance. Still, it is good to know that 
which I had made my first notes while in the Britan- | history was not neglected, for, as Professor G. M. 
nia. Accordingly, I drew up a circular letter and! Trevelyan told the National Book League, history 
appealed to many of the older retired officers for | “‘ is the cement that holds together all the studies 
information about their careers and experiences. | relating to the nature and achievements of man.” 


College. 


From this I reaped a rich harvest. The late 


Engineer Rear-Admiral Harry Lashmore was then | unequal value. 


in command of the College, with George Preece, | to my request would “‘ bring back to my memory 
the future Engincer-in-Chief, as his second, and | the many unpleasant recollections of forced associa- 
through them, in March, 1920, I gave four lectures | tion with mess mates (engineers who ought never 
at the College, entitled “A Century of Naval| to have been officers) whom I am only too glad to 

ring.” These were, I believe, the first of | forget ” ; 


kindly supplied by Mr. Simpson, the editor, were 
used like my circular letter. They were received 
with appreciation and led to a further increase in 
my knowledge. 

In October, 1920, a letter came from Engineer 
Commander Ivor Roberts, assistant to the En- 
gineer Rear-Admiral responsible for appointments, 
saying that “the E.A.P. wishes to keep in his office 
an authentic record of the history and progress 
of the Personnel side of the Engineer Branch.” 
Roberts had heard from Engineer Commander 
F. L. Robertson, of the Gun-mounting Section of 
the Admiralty, that I had “amassed a deal of 
information on the subject,” and so on. Both 
Roberts and Robertson, born students, used the 
British Museum Library and the latter was then 
writing his book The Evolution of Naval Armament. 
Their deaths, in 1926 and 1923, respectively, I 
deeply regretted. In return for any assistance I 
could give him, Roberts proposed to delve into 
official records and so, while he went through 
innumerable Orders-in-Council, etc., he also browsed 
over my notes, to the benefit of both of us. He 
exhumed from the Admiralty cellars the early 
registers of naval engineers, which were started in 
1837, the year in which engineers were granted 
warrant rank. The results of our joint labours are, 
I presume, preserved at the Admiralty. 

While official records provided the skeleton of 
naval engineering history, its flesh and blood are 
actual experiences and these are what I gleaned 
from my correspondence. If I had not set the pens 


“‘engineer’s button” or of a copy of The Naval 
Engineer’s Navy List; I should not have under- 
stood the significance of ‘‘ Sulphur engineers,” or 
of ‘‘ Murdoch’s Hundred”; neither should I have 
known why William Rumble’s name disappeared 
from the Navy List, or that the official account of 
how Josiah Thomas reduced the outside dimensions 
of the new cylinder liner, sent to Esquimalt for the 
Triumph, was all bunkum. The official records 
told us that “ A. B.” could neither write nor read, 

that “‘C. D.” was trained as a seaman at IIfra- 

combe, that ‘‘ E. F.” worked as a whitesmith, and 
that the excellent ‘“‘ G. H.” was “ Believed to have an 
aversion to liquors’; but they did not tell us that, 
before entry, the skill of one engineer who became 
an Inspector of Machinery had been devoted to the 


4d. apiece or four for a shilling ! 

The scholastic attainments and the practical 
experience of naval engineering candidates a century 
ago differed greatly, but when Dr. Joseph Woolley 
became the high priest of naval education he 
apparently thought that engineer officers ought to 
be the best educated officers in the ship. The intro- 
duction of his examinations for the ‘‘ Woolley 
certificate came pretty hard on some quite sound 


motion to chief engineers, it is seen that the aspir- 
tions, translate French poetry, treat of the adding 
Danegelt, Domesday Book, Constitutions of Claren- 


Emancipation Bill.” That’s the worst of allowing 


The letters that I received were naturally of 
One officer wrote that to accede 


the Naval and Military Record and reprints of these, 
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career was a very happy one and ennai ‘ities 
full of pleasant memories.” My most valuable 


Machinery, Matthew McIntyre, one of ‘‘ Murdoch’s 
Hundred.”’ Apprenticed to “Tam Kirk” in Glas. 
gow, he entered the Service in 1859. He was in 
the Archer on the West Coast of Africa when she 
shed all the wooden teeth in the spur wheel on the 
propeller shaft, and this while the ship was chasing 
a slaver. He was in the Adventure when that ship 
crossed the North Atlantic with 20 ft. of her stem 
and keel torn off. He was in the Far East when it 
was dangerous to go ashore in Japan, and he was 
at sea in the Northumberland when the ironclad 
Captain went to her doom. Curiously enough, he 
was never chief of a seagoing ship. From the 
Portsmouth Steam Reserve he went in 1878 to the 
Admiralty, served on the Boiler Committee, and 
afterwards was always attending trials, bothering 
about coal consumption and zincs in boilers, examin- 
ing engine-room registers, and keeping folk up to 
scratch. The Steam Manual of 1879 was largely 
his work. He retired in 1889 and I attended his 
funeral in 1931. His reminiscences, done at 82, 
were finely written and he usually sent me the 
carbon copies. He was the only correspondent who 
gave me advice, which I pass on. Hearing of my 
retirement, he wrote “ As a precautionary measure, 
write out in big 10-inch letters the text NEVER 
COMMUTE and hang it up somewhere handy to 
catch your eye in the morning and at noon and in 
the evening.” It is excellent advice, no doubt, but 
I should have made a mistake if I had followed it. 





going, I should never have become the owner of an The end of my time on the Active List, and of 


my appointment at Devonport, came on May 5, 
1922, when I attained the age of 50. Retirement 
at that age is not one of the advantages of any 
service, but there is no help for it. I carried on in 
the Yard for a few days, till my relief, Engineer 
Commander C. J. B. Huxham, took over, and then 
I passed out through the main gates at Keyham 
for the last time, carrying with me a letter of 
thanks from “My Lords” for my services and a 
crowd of happy recollections, to take up the career 
I have followed ever since. 

The following month saw the retirement of Sir 
George Goodwin, to whom the engineer officers 
gave a private dinner at the Grand Hotel, North- 
umberland-avenue. There were about 150 officers 
present, and it was a most enjoyable function. I 
thought then, and still think, that a little publicity 
would not have been amiss, but the Engineering 
Branch had no Public Relations Officer. I have 
waited 24 years to be invited to join in another 
such gathering, and even now have not lost hope. 
Next year there will be ample justification for the 
Engineering Branch of the Navy to do a little 
centenary-commemorating ; for the year 1847 saw 


” | the appointment of Thomas Lloyd to the Admiralty, 


where he became the first Engineer-in-Chief of the 
Navy, and the passing of the regulations by which, 
on July 1, 1847, John Dinnen became the first 
Inspector of Machinery Afloat and Thomas Baker, 
John Langley, George Murdoch, George Bardin, 
“‘ Bobby ” Nicoll, William Rumble and a score of 
others were raised to commissioned rank as Chief 
Engineers. Then, too, on September 3, 1847, 
Simon Goodrich, the first mechanical engineer at 
Portsmouth, died at Lisbon; and October 25, 
1847, saw the birth of that outstanding figure of 
his time, Richard Sennett (Fig. 6, page 601), a Devon- 
port student and the first naval officer to become 
Engineer-in-Chief. That post is now held by En- 
gineer Vice-Admiral Sir John Kingcome, K.C.B., 
under the title of Engineer-in-Chief of the Fleet ; 
but, since the foregoing paragraphs were written, 
it has been announced that on January 25, 1947, 
Engineer Vice-Admiral Kingcome will be succeeded 
by Vice-Admiral (E) D. C. Ford, the first officer 
entered under the Selborne scheme to attain to 
that position. Thus one chapter in naval engineer- 
ing history will be closed and another opened. 

The task set me by the Editors is now done and 
it only remains for me to thank most sincerely those 


old shipmates and friends who have lent me books 
and documents, sent me letters and pictures, jogged 


my memory, vetted my manuscripts, commented 


but another, whose father, brother and|on my remarks, and aided me in keeping to the 











their kind ever given. 





Good reports appeared in| son were engineer officers, told me that “‘ My service 





straight and narrow path of truth and equity. 





correspondent was the methodical Inspector of 
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LITERATURE. 


Differential and Integral Calculus. By PRroressor Ross 
R. MIppLemMiss. Second edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 3.25 dols.]) McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 16s. 6d.) 

THosE who pursued university courses in mathe- 

matics some 25 years ago will recall the relish with 

which their lecturers revealed the unsoundness of 
many of the statements and “ proofs” contained 
in the introductory courses in the calculus then in 
use. Standards of presentation have risen so notably 
since then that material for that particular academic 
pastime must by now be “in short supply.” Pro- 
fessor Middlemiss’s work, first published in 1940, 
now appears in a second edition, and is typical of 
the prevailing high standard in elementary mathe- 
matical exposition. Rigorous demonstrations can- 
not always be given in the earlier stages, but pseudo- 
demonstrations can be, and should be, avoided at 
every stage. Provided that a theorem is enunciated 
clearly and qualified appropriately, it can be used 
effectively without formal proof. Moreover, an 
intricate proof is more readily assimilated, once the 
practical import of the theorem has been grasped 
through applying it. Frequent appeal is made to 
geometrical intuition to render plausible such 
theorems as the mean value theorem introduced in 

Chapter 12; but the author is always careful to 

point out that this does not constitute a proof in 

the mathematical sense. 

The ordinary processes of differentiation are 
described in the first 13 chapters, consideration of 
partial differentiation being postponed to Chapter 25. 
Integration is dealt with in Chapters 16 to 23, and 
multiple integration in Chapter 26. Prominence is 
given to such practical matters as the determination 
of centroids, radii of gyration, and centres of 
pressure. A chapter on approximate differentiation 
and methods of interpolation would provide a useful 
companion to the chapter on approximate inte- 
gration. Chapter 24 is devoted to solid analytic 
geometry, throughout which, we feel, it would 
have been preferable to employ the more usual 
right-handed system of axes. Chapters 27 and 28 
treat of infinite series and the expansion of func- 
tions, and the concluding chapter contains a brief 
treatment of ordinary differential equations. 

The text is well written and all the steps in the 
argument are clearly set out. It is divided into 
short sections, each followed by a collection of 
examples. These problems are well chosen and 
suitably graded, and to the odd-numbered ones 
answers are provided. The one possible drawback 
to a really clear text is its liability to lull the reader 
into a belief that understanding can come by mere 

i Professor Middlemiss’s recipe for main- 
taining the alertness of his reader consists in judi- 
cious interpolations of ‘“‘why?” and “explain” 
throughout his text. Another valuable feature is 
his insistence on the sketching of curves as a safe- 
guard against the dangers involved in a blind 
manipulation of symbols. 

No misprints of any consequence were noted. 
A letter has dropped out on page 113 and on page 
278 ; the figure on page 387 is incorrectly numbered ; 
in suffixes on pages 137 and 138, z appears in place 
of y; and some obvious verbal misprints occur on 
pages 241 and 334. The word “force” should be 
inserted after “‘ pressure” and before “per unit 
area” on page 308. The suggestion, on page 87, 
that mixed units of time can be used in specifying 
an acceleration is one to be avoided. Not least 
among the attractive features that will recommend 
this thoroughly sound first course in calculus to 
engineers is the stress laid throughout on practical 
applications. 








FrIxeD IGNITION ON ROLIS-ROYCE MERLIN ENGINES. 
—lIn order to reduce the loading on the throttle-control 
lever and improve the sensitivity of engine control, 
Messrs. Rolls-Royce Limited, Derby, have introduced 
fixed ignition in place of variable timing on the range of 
Merlin engines intended for use in civil aircraft. This 
development will be incorporated also on certain military- 
type Merlin engines. 





EFFECTIVE FLANGE WIDTH 
OF STIFFENED PLATING IN 
LONGITUDINAL BENDING. 


By G. Murray Boyp, A.M.I.N.A., 
A.M.1.Struct.E. 


Tue problem of assessing the effective width of 
wide flanges, particularly in the case of panels 
stiffened by regularly-spaced ribs, occurs frequently 
in engineering ; for example, in reinforced-concrete 
floors, the decks, bulkheads and side shells of ships, 
and in rectangular tanks. In such cases, it is usual 
to assume that a strip of plating (or panel, in the 
case of concrete floors) over each stiffener, having a 
width equal to some multiple of the thickness, acts 
with the stiffener to form a beam having an upper 
flange of the chosen width. The multiple of the 
thickness adopted varies widely, but in steelwork 
it is commonly taken as about 40 to 50 times the 
thickness, more or less regardless of the stiffener 
spacing or the span. This arbitrary empirical choice 
has little support from theory, which, however, has 














not hitherto been of much help to practical engi- 
neers owing to the abstruse nature of the mathe- 
matics involved and the difficulties of experimental 


verification. An excellent review of the work on 
this problem has been given by J. M. Murray,* 
in which he shows that the effective width is inde- 
pendent of the thickness, but is a function of the 


"Phe case of a beam with a very wide flange has 
been very fully discussed by Timoshenko,t who 
also shows that the effective width is independent of 
the thickness, but depends on the span and also on 
the form of the bending moment diagram. He gives 
ratios of effective width to span for three forms of 
bending-moment diagram, as shown in Fig. 1. 
In this figure Case I is for a freely-supported beam 
with sine-wave bending moment of the form 


M, = M, sin [, and b = 0-363 L. Case II is for a 
continuous beam with cosine-wave bending moment 
of the form M, = — M, cos 2", andb = 0-181 L. 


L 
Case III is for a continuous beam with point loads 





* “ Pietzker’s Effective Breadth of Flange Re- 
examined.” ENGINEERING, vol. 161, page 364 (1946). 





at mid-spans, and 6 = 0-154 L. These results, how- 
ever, are only applicable to single beams having 
very wide flanges, and it is the object of the present 
note to derive from them a formula which will make 
them applicable to panels with stiffeners placed at 
normal spacings, and to provide numerical data 
which are directly applicable to the design of such 
panels. 

The “ effective width,” 5, is defined as the flange 
width which, when used with the simple beam 
formulz, gives the correct value of the stress over 
the stiffener. Thus, in Fig. 2, page 604, the stress 
in a very wide flange with a single stiffener is shown 
as a full curved line, and the “effective width,” b,, is 
a width such that the area of the dotted rectangle 
is equal to the area under the true stress curve. 

The theory given by Timoshenko indicates that, 
in a very wide flange, the stress dies away expo- 
nentially from the web towards the edges, so that 
the equation to the true stress curve is of the form : 


fe =fhe™. (1) 
The case of a large area of plating with regularly 
spaced stiffeners parallel to the span can be regarded 
as a number of curves as in Fig. 2, displaced rela- 
tively to each other by the spacing, superimposed 
and added together, as indicated in Fig. 3, page 604. 
Thus, at any point distant xz from a stiffener, the 
total stress in the flange will be the sum of the 
appropriate values of the stresses arising from each 
of the stiffeners. It can be seen from Fig. 4 that 
this is equivalent to summing up the stresses at the 
points a, b, c, d, etc., of the stress curve for an 
isolated stiffener on a wide plate, thus : 
Fz = fe + fop + fox 
ee Bo 
Now, since the equation to the stress curve is as 
given in equation 1, equation 2 can be written 
in the form of a series, the sum to infinity of which 
is F,, that is, the total stress at the point distant x 
from the stiffener, thus : 


(2) 


etc. 


ml — 
—* * +e +e 
4B 4 
—pl>=-z Pl=+2 
+e (3 Big ee a | (3) 
The sum to infinity of this series is 
e—~Pl, --WB—2) 
F, =f. —--_,— . (4) 


L—_ao 


which is the equation to the final stress curve for 
the stiffened plating, shown as a full shaded line in 
Fig. 3. The area under this curve, for one stiffener 
space, is 


fB 
A = F, dz = 2fe (5) 
J0 P 


A 
and the “effective width ”’ is where F, is obtained 
0 
by putting z = 0 in equation 4, so that 


1 + ¢~?B 
Fy = fo ;_ oe (6) 


and the “ effective width ” for the stiffened plating is 


‘ —pB 
swhiwt inh, cm 
Foe Pp 14¢—?B 

The quantity p in these equations is a compli- 
cated function, depending on the span and form of 
bending moment diagram, but an indication of its 
value for certain forms of bending moment diagram 
can be obtained from Timoshenko’s results, given in 
Fig. 1. Thus, if we call the effective width of a 
very wide flange 6,, then, by definition, 5, x f, 

equals the area of the shaded part in Fig. 2, or 





oe 2 fy 
bs fo = 2 fo | e* de= — 
Jo ’ 

ie, p= r: ° (8) 


Using the notation 6,= he kL, where k repre- 


sents the coefficients given by Timoshenko (Fig. 1), 
equation 7 can be written in the form 


(9) 





t Theory of Elasticity, page 156 (1934); and Strength 
of Materials, Part II, page 55 (1941) 
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where 6 is the effective width for the stiffened 
plating as in Fig. 3. 


For convenience in plotting, we write equation 9 
in the form 


2B 

b kL 1—e * 
tome ¥ 3B (10) 

l+e 


b 
so that values of B can be plotted against F for the 


known values of k. that is, for the three forms of 
bending moment diagram shown in Fig. 1. These 
values are given numerically in Table I, here- 


b 
TABLE I.—Values of 3 (Ratio of Effective Width to 
Stiffener Spacing). 




















Encastre 
L. Sine Wave, Cosine Wave, with 
3B k = 0-363. k = 0-181. Centre Load, 
k = 0-154. 
4 0-866 0-639 0-570 
5 0-910 0-727 0-664 
6 0-933 0-790 0-735 
7 0-952 0-834 0-786 
8 0-965 0-865 0-827 
9 0-970 0-894 0-858 
10 0-981 0-910 0-880 
12 0-984 0-936 0-914 
14 0-986 0-951 0-934 
20 0-989 0-981 0-968 
2B 
Formula: i = p23 S. me 
y) Ps B = B = 2B 
1 e kL 


with, and are plotted in Fig. 5. Murray’s curve, 
which is based on a sine-wave bending moment 
diagram, is also shown in Fig. 5 and is seen 
to agree well with the curve derived from equation 
10 for k = 0-363. It will be noted that, for 


L 
widely spaced stiffeners (low values of 5) the 
effect of the form of bending-moment diagram is 
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considerable, but the effect greatly diminishes as| static pressure, the stress condition in the plating 


the spacing decreases. 

The co-relation between the coefficient k and the 
form of the bending-moment diagram is not clear, 
but it would appear that, for normal stiffener 
spacings, no great error would be incurred if curve A 
in Fig. 5 were used for uniform loading with free 
ends. For uniform loading with encastre ends, it 
would probably be sufficiently accurate to apply 
curve A, but replacing the actual span by the 
distance between points of zero bending moment ; 
that is, 0-5772 L, as suggested by Murray. Some 
caution is obviously required, however, when the 
form of the bending-moment diagram differs 
greatly from these forms, particularly with widely 
spaced stiffeners. 

The ratio of the stress over the stiffeners to the 
stress at the centre of the bay between stiffeners can 
be obtained from equation 4 by dividing the value 


when z = 0 by the value when xz = =, thus : 


F, 146778 pB B 
-= eerey = cosh < oo cosh FL’ (11) 


2 


_ 


2 Ze 
Values of this ratio for the three known values of k 
are given in Table II and plotted in Fig. 6. 

It is important to remember that, in deriving 
these results, it is tacitly assumed that there is 
no secondary bending of the flange; that is, that 
in the section view of Fig. 3 the flange remains 
a straight line. There is, in fact, a tendency for 
such secondary bending to occur, as can be shown by 
theory and experiment, particularly with thin 
plates. This is the justification for considering the 
thickness when proportioning the design. In most 
practical cases, however, the ratio of thickness to 
stiffener spacing will be determined by the hydro- 
static or similar pressure on the panel. 

It may be remarked here that the stress in the 
plating over the stiffener will usually be less than 
that in the toe of the stiffener remote from the 
plating ; but, if the panel is subjected to hydro- 


| 








over the stiffener may be the more severe, since it 
will consist of a stress parallel to the stiffener which 


TABLE II.—Ratio of Stress over Stiffener to Stress at 
Centre of Panel between Stiffeners. 











} | Encastre 
L Sine Wave, Cosine Wave, with 
B k = 0-363. k = 0-181. Centre Load, 
| k = 0-154. 
! . | 
4 | 1-248 | 2-113 2-625 
5 1-155 1-670 1-971 
6 1-108 1-454 1-642 
7 | 1-079 1-329 1-464 
8 1-060 1-248 1-346 
9 1-047 1-194 1-270 
10 | 1-038 | 1-156 1-219 
12 1-026 1-108 1-149 
14 1-019 1-079 1-108 
16 } 1-015 | 1-060 1-083 
18 1-012 | 1-047 | 1-065 
20 | 1-009 1-039 1-053 
: Fo B 
1 i 
Formula : F, cosh Fi 


can be found by the method given in this article, 
and a stress perpendicular to the stiffener caused 
by the bending of the plating as a beam spanning 
betwee stiffeners. This bi-axial state of stress 
may be a determining factor in the design. 





ALMANACS, CALENDARS, Etc.—We have received 
monthly tear-off wall calendars from Messrs. A. A. Jones 
and Shipman Limited, Narborough-road South, Braun- 
stone, Leicester ; the Federation of Coated Macadam In- 
dustries, 37, Chester-square, London, S.W.1; Messrs. J. 
Samuel White and Company, Limited, Cowes, Isle of 
Wight; Die Casting Machine Tools, Limited, River 
Works, 152, Green-lanes, London, N.13; and Messrs. 
Holman Brothers, Limited, Camborne, Cornwall. A wall 
calendar with two months on each page has reached us 
from Messrs. Ruston and Hornsby, Limited, Lincoln. 
Messrs. F. J. Edwards, Limited, 359-361, Euston-road, 
London, N.W.1, have sent us a blotting pad, to which are 
attached an appointments diary and a notes pad. 
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REINFORCEMENT OF 
BRANCH PIECES. 


By J. 8. Brat, B.Sc., M.I.Mech.E. 
(Concluded from page 581.) 


APPENDIX III (continued).—WorKED EXAMPLES. 


Example I (Fig. 109).—To design a triform 
reinforcement for a branch piece, given the following 
iculars :— 
Angle of branch, 60 deg. 
Barrel, 10 in. outside diameter by 4 in. thick. 
Branch, 5 in. outside diameter by } in. thick. 
Material of pipe, mild steel: yield point 18 tons per 
square inch, 
Material of reinforcement, mild steel: yield point 
15 tons per square inch. 
(a) Y.P. of material is standard 18 tons and 
15 tons per square inch for pipe and reinforcement, 
respectively. 







Fig.109. EXAMPLE I 
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Fig.tf1. EXAMPLE ITI 








(b) Yield pressure of straight pipe— 
P 80,600 T 





= 4,030 Ib. per sq. in. 


" 


1 — B(1 — 0-7sina) 
1 —0-5(1 — 0-7 x 0-866) = 0-8, 


Wu 


(or graphically from Fig. 100, on page 580, ante). 
(d) Total load on shoes 
_ Pd’d(1—Sy) 4,030 x 9 x 44 x (1 — 0-8) 
2,240 2,240 
= 14-565 tons, say, 15 tons. 





15 

Load per shoe = 3 

(e) Value of X. Graphically from Figs. 105 and 
106, on page 581, ante, or by calculation from 


= 5 tons. 





Bd 9 x 0-5 : 
err a a 2x 0-866 x 0-806 ~°'™ 
2 sina 008 5 
Bd 4-5 : 
X;= d aa (1 + cos a) = —~ 3-5) 7-6 in, 


(f) Values of t, b and w. 


Assume 
ty= 1-5 x } = 0-375 in. = &, 


hence 


t,  0°375 
W, == a =0-075. 
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Hence find 6 from Fig. 107, on page 588, ante, or 
by calculation from 








t, 4b43X 
W, 560% 
46+3x3 


from which 6 = 2 in., and w = 6 — T = 1} in. 

This gives = = 5-3 which is satisfactory. (The 
A 

quadratic can be avoided by assuming a value of b 

equal to, say, > but the graphical solution is 

simpler.) Since w will be the same for all shoes, b 

is known and t, can be found from— 

_(4643X)Wy (4x 243 x 7-5)5 

oF 23 56 x 4 

= 0.68 in., say ? in. 





b => 2-67 
ty 





Fig. 10. EXAMPLE IT 








Fig. 112. 
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Ere eas ee ~ 
(e943v) 
EXAMPLE | Shoe |X Distance |Width|Thickness 
, A&C - 1%" ¥" 
BK 7" 1% x4" 
0 A B&C 6-8" 25%'\ 2" 
Vv 9° 4% 5," 
(8943.w) “ENGINEERING 





Thus, the horseshoes should have a radial width of 
1} in. and thickness of } in. for the two crotch shoes 
and } in. for the barre! shoe. 

Example II (Fig. 110).—To determine the thick- 
ness and width of shoes necessary to reinforce an 
equal 90 deg. Y-piece, 12 in. outside diameter by } in. 
thick, using low-tensile mild steel for pipe and 
reinforcement. Use graphical method. 

(a) Yield point, 18 and 15 tons per square inch. 


80,600 T _ 1,680 Ib. per 


(6) Yield pressure = D 





square inch. 

(c) P.S.R. (from Fig. 101, on page 580, ante) = 
0-77 

1,680 

(d) Load on shoes = 3940 
= 22-8 tons. 

Load per shoe = 7-6 tons. 

(e) All shoes are alike, therefore, X, = X, = 
X, = 6-8 (from Fig. 101). 


x 114 x 114(1 — 0-77) 





605 





(f) Assume t, = fin. =t, = ty, then ¢ = 0-05. 
This is rather low (see limits in Fig. 107) so try 


t,=4in. Then ~ = 0-066, and from Fig. 107, b = 


3 in., hence w= b—T =2}in. Ratio = 6. 


A 
Hence all three shoes are 4 in. thick and 2} in. 
in radial width. 





Example ITI (Fig. 111).—To check the strength of 
the shoes provided to reinforce an equal 90 deg. 
swept branch 4} in. outside diameter by } in. thick, 
all materials low-tensile mild steel. Shoes are § in. 
thick, disposed as shown in the sketch and having X 
values (by measurement of drawing) as follows :— 

X,= 3-2, Xp= 1-4, Xp= 4-6 

Also calculate P.S.R. of complete reinforced 
| branch piece. 

(a) Yield point, 18 and 15 tons per square inch as 
usual. 





(b) Yield pressure for straight pipe = 80,600 = = 


9,500 Ib. per square inch. 

(c) P.S.R. from drawing :—area of zone requiring 
reinforcement = 6 in. X 3} in. = 19-5 sq. in.; 
rectangular area “for 90 deg. branch = 3} in. x 
3} in. = 10-6 sq. in.; ratio—0-55; P.S.R. = 
0-7 x 0-55 = 0-38 

(d) Load per shoe 


9-3 tons. 

(e) Actual strength of shoes provided, all § in. 
thick, 1{ in. width. 

Shee A. X, = 3-2 in.; b= 1 in. + 3 in. 
2-375 in. 
t (4643X_ 4x 2-375 43x 3-2 
Ww, oF 56 (2-375) 
or can be obtained from Fig. 108, on page 588, ante. 
Hence 


9,500 x 34 x 3} x (1 — 0-38) | 
23x" 








= 0-0605, 


0-625 
~ 00605 

Shoe B. Xz = 1-4 in.; 5 and ¢ as before, and 
hence Wz, = 14-3 tons. 

Shoe C. X, = 4-625 in., b and ¢ as before; 
hence W,, = 8-4 tons. 

Total strength of three shoes (max.) = 10-3 + 
14-3+8-4=—33 tons; (min.) = 8-4 x 3= 25 
tons ; probable = 29 tons. 

Required strength = 3 x 9-3 = 27-9 tons. Ratio 
actual /required = 29 — 27-9 = 1-04. Reinforced 
P.S.R. = 0-38 + (1-04 x 0-62) = 1-03. Pressure 
to yield reinforcement = 1-04 x 9,500 = 9,880 lb. 
per sq. in. 


W, = 10-3 tons. 








Example IV (Fig. 112).—To design a reinforced 
four-way branch piece of the dimensions and shape 
shown, for a working pressure of 700 lb. per square 
inch (maximum workings tress, 7 tons per square 
inch) using steel of 35/41 tons per square inch 
tensile strength (assume Y.P. = 23 tons per square 
inch) for the pipes and 28/32 tons tensile steel 
(assume Y.P. = 18 tons per square inch) for the 
reinforcement. 

(a) Minimum tube thicknesses required. 

a ar P 700 

Required D ratio “oT = 2x7 x 2,240 
Hence, for 15-in. pipe, T = 0-335, say } in. and 


T 
5 = 0°025d = 14}; for 12-in. pipe, T’= 0-268, 


= 0-0223 


T 
say,  in., and >= 0-026 d’ = 118; and, for 10-in. 
T 
pipe, T” = 0-223, say } in. and 5, =0-025 d”=9} in. 


Note that minimum 5 == 0-025 in barrel and 10-in. 


branch. 

(b) Yield pressure = 2 x 23 x 0-025 x 2240 = 
2,580 Ib. per square inch. 

(c) P.S.R. of unreinforced branch piece : 

S,= P.S.R. of 12 in. 70 deg. branch alone (B = 
0-8) = 0-73 ; 

S.= P.S.R. of 10 in. 90 deg. branch alone (B = 
0-67) = 0-8. 

Combined P.S.R. = 1 — (1 —8,) — (It — 8,) = 
1 — 0-26 — 0-2 = 0-54. 
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(d) Total load is sum of effect of each branch. 








Pdd’ Pdd 
2,580 
_, SS (14:2 , ; 
3940 ('* 5 x 11+375 x 0-27) + 
2,580 
3 940 (14°25 x 9-5 x 0-2) = 80 tons. 


Four shoes will be required to carry 20 tons each. 
Now draw trial arrangements of shoes, for example, 
that shown in Fig. 112 in which all shoes are alike. 

The X values are therefore :— 
xX, = X, = X,.= Xp =9in. 


Assume 
wade ati 3 in 
=s-;5> 
t 46+3X 12 + 27 


= 0-065 





W 18x3-748 67x9 
therefore, ¢ = 1-3 in. which is too thick, giving a 
> ratio of 2-3. 
Try 


then 


b= 4-75 (ie..w = 4pin) 


therefore t = 0-610, or, say, § in. 
b — 
7 ratio then becomes 7-6, which is permissible. 


Thus all four shoes will be alike, each $ in. thick 
and 4§ in. wide. 





GERMAN ELECTRICITY SUPPLY IN 
WAR TIME. 
(Concluded from page 583.) 

THE most striking feature of all but one of the interro- 
gations of Germans concerned with electricity was the 
open, surprise e that the Allies did not concen- 
trate their bombing on the electricity supply system. 
In fact, there was general agreement that this was the 
most vulnerable point in the German war economy, 
owing to the general plant shortage, the lack of spares, 
the long delivery time required for replacements, 
and the dependence of the life of the nation on elec- 
tricity. It was stated that the German electricity 
supply system would have collapsed completely if 
60 per cent. of its productive capacity had been 
destroyed. Actually, during the first years of the war, 
only superficial damage was caused to power plant 
and the first appreciable outages of public generating 
plant which took place were when the Eder and Moehne 
dams were breached in May, 1943. This Bed about 
400 MW out of action owing to flooding. is figure 
was increased to 600 MW by November, 1943. Subse- 
quently, however, no serious damage occurred for 
some time, so that the outages declined until May, 
1944, when they were as low as 200 MW. There was 
then a sudden increase owing to the bombing of 
synthetic oil plants near public power stations and this 
continued until, in Feburary, 1945, about 2,200 MW 
of plant was out of service, owing to the systematic 
attacks on industry. None of the more important 
power stations in the Ruhr-Rhine area escaped damage, 
while those in the Leipzig and Hamburg areas also 
suffered severely. Elsewhere, however, the dam 
was comparatively slight. 

The damage inflicted from aircraft on transmission 
lines was largely confined to the western territories 
and only assumed serious dimensions in 1944. Subse- 
quently some damage was caused by bombs and by 
the machine gunning of insulator chains. The latter 
attacks caused stretches of line several miles long to 
be put out of action and gave rise to difficulties in 
bringing up and replacing the insulators. The effect 
of the area bombing of towns, in addition to the 
damage caused to generating and other plant, was to 
disrupt the cables. Generally, however, the systems 
stood up to the test well and long-term reduction of 
power consumption after heavy air attacks was gener- 
ally due to damage sustained by the consumer. After 
the attacks on Berlin of November 22, 23 and 26, 
1943, the consumption fell to 62 per cent. and the 
peak load to 53 per cent. of the normal amounts. 
Less than three weeks later the consumption, however, 
was 85 per cent. and the peak load 86 per cent. of the 
normal amounts. By the middle of February, 1945, 
about 1,800 MW of plant had been lost owing to the 
advance of the Allied Forces. This figure included both 
plant situated in occupied territory and plant which 
was so close to the fighting line that it could not be 
operated. No cases of sabotage were reported, though 
plant may occasionally have been damaged as a result 
of the “scorched earth ” orders. 
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and officials who were concerned with the direction 
and control of electricity supply in Germany, the con- 
cluding section of the report describes the technical 
developments which took place shortly before and 
during the war. As regards conventional thermal 
plant, there was a movement towards higher steam 
temperatures, and the use of fuel with high ash and 
moisture contents. The highest pressures reached 
in practice were about 2,000 lb. per square inch, 
and the highest temperature 930 deg. F. Mono-tube 
boilers with pulverised-fuel firing were usually pre- 
ferred. In 1941, instructions were issued that boilers 
were not to be operated at temperatures above 
930 deg. F., owing to the shortage of special steels. 
To permit the firing of high ash content coal, boilers 
were developed for very high furnace temperatures, 
the ash from which was removed when it was still in 
the liquid state. 

Steam turbines were built for pressures up to 
2,000 lb. per square inch and temperatures up to 
930 deg. F. The largest turbines running at 3,000 r.p.m. 
were rated at 50 MW. There was a marked tendency 
to use “ topping ” turbines for new stations, as well as 
for the extension of existing low-pressure plant. Most 
German power supply experts, however, agreed that 
pressures of 1,680 lb. per square inch resulted in 
reduced reliability, though the thermal efficiency was 
high. One reason for this was the necessity for using 
reheating. As this was not essential at 1,100 Ib. per 
square inch, the somewhat lower thermal efficiency at 
this pressure was well worth the higher reliability 
obtained. There were no startling developments in 
turbine or generator construction. Only in exceptional 
cases did the generator voltage exceed 10-5 kV and 
air cooling was the only system used. Development 
in the design of transformers was confined to a higher 
utilisation of the iron. Magnetisation up to about 
10,000 gauss, in conjunction with specially designed 
windings to suppress the higher harmonics, was said 
to have been employed. Mobile transformers with a 
capacity of 100 MVA were developed, which could be 
transported by rail on specially designed undercarriages. 
These were usually designed for three voltages, 10-5 kV, 
110 kV and 220 kV. Practically all the transformers 
were fitted with Bucholz relays, but no cooling medium 
other than oil was used in the units installed on the 
grid. The new high-voltage substations were invari- 
ably fitted with oil-less or low oil content switchgear, 
the use of compressed air both for operation and for 
extinguishing the arc being the latest development. 

@ main reasons for developing unconventional 
plant for generation were to reserve coal as a raw 
material for the chemical and other industries, for 
which it was essential, and to obtain a higher thermal 
efficiency. The general opinion was that electricity 
and gas supply should be closely linked and all the 
“waste heat’”’ used to supply steam for industrial 
purposes or for town heating. In this connection the 
Lurgi high-pressure gasification system was often 
mentioned and a large plant of this type using brown 
coal had been built at Bohlen, Saxony. 

Conventional water-power plant was developed on 
lines leading to increased efficiency, reduced employ- 
ment of constructional steel and shorter building time. 
In developing the resources of the Alps, power stations 
were incorporated in the dams. neonventional 
developmert in water-power plant was confined to 
“ underwater” stations. These were of the low-head 
type in which the power plant is incorporated in the 
weir. The turbo-generators are of special design, in 
which the generator rotor carries the turbine blades. 
Water flows round the stator and thereby provides 
efficient cooling. One such station was built on the 
River Persanti in eastern Germany, and at least one 
other on the River Inn in Bavaria. On the whole, 
the results seem to have been favourable. 

Research and development on high-voltage direct- 
current transmission was carried out in anticipation 
of the conquest of Europe and rough plans were made 
for the creation of a European high-voltage grid, in 
which Norwegian water-power resources were to play 
an important part. Electricity was to be transmitted 
by under-water cables across the Greater and Smaller 
Belts. Large-scale experiments were carried out at 
Hallendorf and over the following routes: between 
Lehrte and Miesburg on the Marx system; between 
Charlottenburg and Moabit on the Siemens’ system ; 
between Wettingen-Ziirich and Southern Germany on 
the Brown-Boveri system; and between Vockerode 
and Berlin by the Allgemeine Elektricitats Gesellschaft, 
Siemens, and other firms. The last covered about 70 
miles and was almost complete at the time of the 
collapse. Electricity was to be supplied at 30 kV and 
50 cycles per second from the Elbekraftwerk at 
Vockerode to a nearby rectifier plant, where the 
voltage was raised and the power rectified. Two single- 
core cables, each designed for an operating voltage of 
225 kV to earth, i.e., 450 kV between the outers, were 
laid, the load at first being 60 MW and later 100 MW. 
At Mariendorf, outside Berlin, the direct-current was to 








After dealing at length with the various agencies 
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IMPREGNATED PRESSURE CABLES. 


AFTER impregnated r had first been used as a 
dielectric by Ferranti in 1891, the standard cable for 
alternating current transmission for many years, was, 
of the three-core type, in which all three cores were pro- 
tected by a common lead sheath and armouring. The 
general increase in transmission voltages which 
occurred some twenty years ago made it clear, how- 
ever, that the employment of such cables at voltages 
exceeding 22 kV has considerable operational disadvan- 
tages, though single-core cables could be used at higher 
res. This led to researches into the behaviour 
of the dielectric; and these have had theoretical 
and practical results of great importance. The 
starting point of these researches was the fact that when 
a cable heats up in service the impregnating oil is forced 
into the outer layers of the paper dielectric, but does 
not return as the cable cools, owing to an increase in 
its viscosity with the fall in temperature. The forma- 
tion of “ voids,” containing air instead of oil, therefore 
occurs, and ionisation takes place across these voids 
when a certain limiting voltage is exceeded. The results 
are a slow destruction of the paper fibres and, ulti- 
mately, failure of the cable. From time to time various 
methods of preventing the formation of these voids 
have been suggested ; and some have proved satisfac- 
tory within certain limits of voltages. Examples are 
cables in which the individual] cores are covered with 
metallic tape or metallised paper, the three cores being 
then surrounded with a common or three separate 
lead sheaths. These methods enable three-core cables. 
capable of operating satisfactorily at voltages up to 
66 kV, to be manufactured. At this voltage, however, 
the working stress on the dielectric reached is about 
45 kV to 50 kV per centimetre ; and this has been found 
to be the maximum permissible when a normal paper 
is used. Nevertheless, research showed that if voids 
could be prevented from forming or, if ionisation in 
the voids could be su by suitable means, it 
would be possible for the electrical stress to be raised 
to over 100 kV per centimetre without endangering 
the performance of the dielectric. This prevention 
of voids, which is essential if cables are to be used for 
transmitting power at voltages of 100 kV and w 
can be effected in two ways: by the use of oil-filled 
cables, in which the voids are prevented from forming 
by keeping the dielectric constantly supplied with very 
fluid oil under pressure ; or by raising the pressure of 
the dielectric above the normal] atmospheric pressure by 
the inclusion of gas within the enclosing sheath. 
Impregnated pressure cables of the latter kind have now 
been manufactured for voltages as high as 264 kV, and 
it is claimed that the higher specific loading which is 
possible by their use more than compensates for the cost 
of the reinforcement necessary to withstand the internal 
gas pressure and of the additional accessories. 
advantages are said to be even more pronounced when 
comparison is made with the oil-filled cable, since the 
costs of the accessories controlling the oil flow in the 
latter and, especially, of providing accommodation for 
housing this equipment, are high. 
In order to give a broad view of the development 
of the pressure cable, which has taken place during the 
past eighteen years, the methods that have been 
proposed for applying gas pressure to the dielectric 
may be briefly mentioned. Pressure cables fall into 
two broad classes, depending on whether the gas 
is directly in contact with the impregnated paper 
dielectric or whether the two are permanently separated 
by an impermeable membrane. The cable due to 
Hochstadter, Bowden and Vogel,* in which an inner 
lead sheath is used as a membrane, is an example of the 
latter class. On the other hand, the cables proposed 
by Hunter and Brazier,t Dunsheath,t Beaver§ and 
Arman|| may be regarded as examples of the former. 
In the impregnated pressure cable of Hunter and 
Brazier, the cable is very like the normal “ solid” 
cable, the dielectric being paper imp with 
thickened oil or compound. It is also installed in the 
same way, the pressure gas, which is nitrogen, being 
subsequently admitted at one or both ends and being 
allowed to penetrate into the space between the 
dielectric the lead sheath. The “gas cushion” 
cable devised by Dunsheath is of similar type, but a 
helical spacer is used so as to provide a gas channel 
throughout the length of the cable. A continuous 
slow passage of gas is also maintained from one end of 
the cable to the other. In Beaver’s cable, the paper is 
pre-impregnated with a solidifying compound, so that 
no free oil is left. The gaps are also carefully 





* See ENGINEERING, vol. 133, page 56 (1932). 

t See Electrical Times, vol. 91, page 769 (1937). 

t See Compte Rendu de la Conférence des Grands 
Réseaux Electriques & Haute Tension, No. 247 (1935). 

§ See Compte Rendu de la Conférence Internationale 
des Grands Réseaux Electriques & Haute Tension No. 204 
(1937). 

| See Journal of the Institution of Electrical Engineers, 





be transformed back to alternating current at 30 kV. 


vol, 81, page 625 (1937). 
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dimensioned, by varying the paper thickness, so as to 
ensure the passage of the gas into the centre of the 
dielectric. Arman considers that the dielectric pro- 
perties of the compressed gas are sufficient to permit 
the impregnating compound to be entirely replaced. 
The paper lapping in this cable is thoroughly dried, 
and after the cable has been laid the gas is 
admitted at one or both ends and completely charges 
all the interstices in the ae ee wre ing. 
As there is no risk of che attack on t sommtaal, 
a heavy gas, such as carbon dioxide, is used instead of 
nitrogen, in order to obtain additional electrical 
strength. This cable is known as the gas-impregnated 
cable. 

A third broad variation is the semi-membrane cable 
in which the dielectric is covered with a membrane to 
retain the free compound in the dielectric region. This 
membrane consists of oiled silk tape, the layers of which 
become bonded together by heat. The choice between 


In all types of pressure cable it is necessary for the 
lead chagth to be ceashuniodlly sefiiforesd, 20 thet tt te 
capable of wit the internal gas 


This reinforcement is effected by winding on metal 
tapes, which are overlapped, so that the lead cannot 
flow between the turns. The lead sheath is also pro- 
tected from local damage by a bedding between it 
and the reinforcing tapes. To increase the longitudinal 
rigidity, so that the stretching and “ snaking,” which 
tend to occur as a result of increases in gas pressure, 
are prevented, a layer of steel strips with a long lay, 
covered by waterproof serving, is used. The serving 
can also be applied directly to the reinforcing tapes, 
if the materia] used is of a kind which will prevent the 
corrosion of the latter. It is claimed that, owing to the 
smal] diameter of the cable, the firm mechanical] struc- 
ture, which is the result of the system of longitudinal 
and circumferential reinforcement employed, the small 
clearance between the dielectric and the lead sheath, 
and the electrical stability, even after smal] mechanical 
disturbances, a cable of great mechanical] stability and 
reduced liability to deterioration during installation 
is obtained. For instance, a 66-kV cable with a con- 
ductor of 0-3 sq. in. in cross-section will need a dielec- 
tric thickness of only 0-2 in. if the pressure system is 
used, compared with 0-65 in. for a solid cable. The 
rating can also be increased from 40 MVA to 50 MVA. 
These points may be illustrated by referring in detail 
to a three-core 132-kV cable of the impregnated- 
pressure type, of which some mention was made about 
two years ago when full particulars could not be 
given.* This cable was manufactured by British 
Insulated Callender’s Cables, Limited, Norfolk House, 
Norfolk-street, London, W.C.2, for the Central Eleo- 
tricity Board and was inserted in the 132-kV line 
between Watford and Gloucester, in order to prevent 
aircraft from an aerodrome at Broadwell, near Bxford, 
from colliding with the line. It is 1,860 yards long and 
is designed to carry 90 MVA. The cable, the construc- 
tion of which will be clear from Fig. 4, on page 612, is 
similar to one of the normal solid type, but after it 
had been laid and jointed, nitrogen was forced into 
direct contact with the dielectric so that the internal 
gas pressure was raised to 200 lb. per square inch. 
Each conductor consists of sixty-one tinned-copper 
strands with a diameter of 0-093 in., giving an overall 
diameter of 0-837 in. The strands are not compacted 
and no screening layers are used, as it was considered 
by the makers that both these variations are disadvan- 
tageous rather than beneficial. The dielectric consists 


of 
and 40 per cent. wood pulp. It is impregnated with a 
compound consisting of a naphthene base mineral oil 
thickened by a polybutene. The viscosity of this com- 
und is 0:3 poise at 100 deg. C. and 75 poise at 
50 deg. C., and this enables a good power factor charac- 
teristic to be obtained. The thickness of the dielectric 
over the conductor is 0-5 in., which, at an ore 
voltage of 132 kV, gives a dielectric stress of 93-5 k 
per centimetre at the surface of the conductor. Each 
of the three insulated cores is covered with a layer of 
metallised paper, which, as can be seen in Fig. 4, is 
rforated Fh small holes, so that water is evacuated 
m the pone Oo poll os, and the 
in of compound is permi uring impregnation. 
The three outs are ekeiouel in a oe load’ sheath 
0-19 in. thick, which is reinforced first by a layer of 
longitudinal steel strips 0-1 in. thick to prevent any 
tendency to stretch axially under internal ee 
Next, there are two layers of steel tape of the same 


thickness, which are applied by ordinary lapping | The 


methods and provide the strength necessary to prevent 
the sheath itself from expanding in a radial direction 
under internal pressure. Both the lead sheath and 
the tapes are protected from corrosion by alternate 
layers of rubber tape and bitumen-impregnated cotton 
tape. 
As shown in Fig. 4, the filler space between the 








* See ENGINEERING, vol. 158, page 344 (1944). 


paper, which is made up of 60 per cent. manila fibre | by 





cores is utilised first to accommodate a lead gas- 
communication pipe with an internal diameter of 
0-2 in., and second, a two-core paper-insulated pilot 
cable. The functions of these two accessories are 
described below. The overall diameter of the finished 
cable is 4-84 in., and the weight is 70 Ib. per yard. The 
maximum conductor temperature is 85 deg. C. and the 
rating, when laid im the soil at the depth of 3 ft. 3 in., is 
450 amperes, or 105 MVA. The cable was made in 

of 508 ft. 6 in., enabling the joints to be spaced 

entrenched in agri 
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ly by impregnated paper tape, 6, and partly by 
cotton tape, c. Two of the three paper rolls used for 
this purpose were pre-shaped in the factory, so that the 
width was reduced as it was applied turn by turn. As a 
result, when the rol] has been completely applied, its 
outer end rises in accordance with a = Me. 

curve, which is calculated to control the electric stress 
along the laminations to a value not exceeding 2:5 kV 
per centimetre. This step formation of the dielectric 
after the conductors have been jointed by the ferrules 
can be seen in Fig. 1, on 612. Thisillustration also 
shows the temporary spreaders, which are used to main- 
tain the cores in their correct positions and the wire 
“ snuggers,” which are employed to prevent disturbance 
of the paper tapes. 

The joint is covered by an inner lead sleeve, which 
is shown at d in Fig. 3, and an outer copper sleeve e 
with a space of 0-12 in. between them. This space 
is filled with bituminous compound by a vacuum 
process, so that there are no air spaces. The object 
of this arrangement is that if the copper sheath or 
its joints become porous, the compound will be forced 
into the porosity and any loss of pressure prevented. 
When ave is applied to the joint it is transmitted 
through the inner sleeve and bitumen to the copper 
sheath, which has the necessary mechanical strength 
to withstand it, while the thermal] expansion of the 
compound is taken up by in the shape of the 
lead . A view of the cable with the lead sleeve 
partly pulled forward for placing in position and with 
the copper sleeve attached to its cradle on the right- 
hand side appears in Fig. 2, on page 612. 

It is claimed that this arrangement of the inner and 
outer sleeve has a second important advantage. During 
the installation of a pressure cable it is rable that 
each joint should be tested for gas tightness as it is 
completed. The difficulty of doing this with normal 
joint construction is overcome with the inner and outer 
sleeve design, since, before the bitumen compound is 
poured in, a vacuum test can be made on each inter- 
sleeve space. As this includes all the material 
and joints which ultimately form the pressure-retaining 
ye ed = pon cme is an assurance that the joint as a 

i pressure tight. The joint is completed 
cccinetting the internal pilot wittn dail devising the 
end of the gas channel pipes to the lead sheath. The 
sleeve is then placed in position and filled with 
pes compound under vacuum. An interesting 
feature is the use of cast plumbs for making the her- 
metic seals between the sleeve of the joint and the 
cable, as well as for anchoring the metal reinforcement 
tapes. The joint, when completed, is enclosed in a 
concrete “ coffin,” the intervening space being com- 
pletely filled with bitumen to provide protection 
against weathering and erosion. The “coffin” is 
then buried in the soil in the same way as the cable. 

The installation at Broadwell consists of eleven 
straight joints. At each end the joints, though similar 
to those just described, are actually dividing boxes, 
which have been designed for three single-core pressure 
cables on the outgoing side in place of one three-core 
cable. These single-conductor tails are brought to the 
surface within the compound and, after a short vertical 
rise above ground, terminate in single-core sealing ends, 
arrangement of one of these pressure 
porcelain- sealing ends is illustrated in Fig. 5, on 
page 612, while a photograph showing the method of 
supporting them and the cable rises is reproduced in 
Fig. 6, on the same page. The porcelain is designed to 
withstand the appropriate voltage tests as well as the 
internal gas pressure of 200 Ib. per square inch. The 
porcelain sheds are of the anti-fog type. The sealing 
end itself, which is filled with compound, is designed 
to withstand dry and wet flash-over tests of 355 kV and 


termined | paper 





284 kV, respectively. As will be seen from Fig. 6, the 
sealing ends are supported on concrete pillars, within 
which the down-going cable is protected and supported. 

Each joint is equipped with a pressure switch, which 
is shown at f in Fig. 3. This switch, which closes 


when the ressure in the joint falls below a pre- 

i value, is connected across the two cores 
of the pilot cable through a resistance, which is different 
at joint. It is thus possible to determine which 
switch has the pilot to a leak- 
locating of the automatic self- ‘ 


exhausted, further alarms are sounded. These pres- 
sure switches are connected to indicators in a kiosk 
at the end of the eable by a norma! telephone circuit, 
the indications being relayed to remote control rooms. 
In jusi - “99 


factured a short length of single-core cable for 264 kV, 
which has been installed Arnhem, Holland, for 
acceptance tests. This consists of 91 strands, 0-097 in. 
in diameter, giving a conductor diameter of 1-067 in. 
The the the metallised 
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THE SEALING OF POROUS 
CASTINGS. 


Tue results of an investigation conducted in the 
laboratories of the United States Bureau of Standards 


by sealing treatments with liquid synthetic resins, are 
given im # recent issue of the Journal of Research of 
the Bureau. The author states that some alloys, which 
have. rafher wide solidification , such as 
certain magnesium alloys, are susceptible to micro- 
porosity and that castings of magnesium alloys used 
as containers for fluids under slight pressure are, 
therefore, frequently treated with sealing media to 
prevent leakage. These treatments, he continues, 
have been satisfactory in the case of light-alloy castings 
for low-pressure service, but the problem of eliminating 
porosity in castings of other metals which have to 
operate under more severe conditions of temperature 
and pressure is more difficult. The experiments 
described in the paper were made to ascertain the 
sealing efficiency of several different resins. The 
porous specimens used, most of which were cast in 
such a manner as to develop porosity, were bushings 
2 in. in outside diameter, 2 in. long, and having s wall 
thickness of }in. They were subjected to resin-impreg- 
nation bya vacuum-pressure method, after which they 
were heat-treated as recommended by the manufacturers. 
The materials employed were : commercial aluminium, 
an alloy of copper with 3-5 per cent. of silicon, and a red 
brass containing 85 per cent. of copper and 5 per cent. 
each of lead, tin and zinc. The degree of porosity of 
each specimen was determined by a hydrostatic pressure 
test. Some specimens showed considerable leakage at 
pressures as low as 25 lb. per square inch, but speci- 
mens which could withstand a pressure of 600 Ib. 
per square inch for 5 minutes, without leaking, were 
considered sound and this criterion was adopted as a 
basis for judging the success of the sealing treatments. 

Fourteen resins were selected for investigation. 
These represented commercially-available products, 
and six of them were recommended specifically as 
sealing media, while the others were selected for com- 
parison with the commercial media. Only two of the 
resins, the first a phenolic resin in alcohol solution and 
the second a styrene-polyester resin, showed promise as 
sealing media. The first was recommended by the 
manufacturer for eliminating leakage in all types of 
metals and alloys, and the second was developed 
particularly for sealing aluminium and magnesium 
castings. Even these two resins sealed only 50 per cent. 
of the specimens subjected to one treatment, but a 
second impregnation increased the sealing efficiency to 
about 80 per cent. The styrene-polyester resin was 
chaididecelity more satisfactory than the phenolic resin 
on exposure to petroleum products, while the phenolic 
resin was superior for elevated-temperature conditions. 
In addition, the phenolic resin required the application 
of higher pressures to produce failure at room tempera- 
tures. Both resins were reasonably stable on exposure 
to boiling water. Under “ thermal shock ” conditions, 
involving immersing imens alternately in baths at 
212 deg. and 32 deg. F., respectively, and testing them 
after 25 cycles, representing 50 changes of temperature, 
the polyester resin was decidedly the superior. 
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HYDRAULIC REMOTE-CONTROL 
GEAR. 


Tue Lockheed remote-control gear illustrated in 
Figs. 1 to 5, above and on the opposite page, is an 
interesting example of the method of regulating the fan 
vanes and dampers of the induced- and forced-draught 
fans of the boilers of a generating station from the main 
control panel of the station, the method having been 
developed by Messrs. Automotive Products Company 
(Remote Control Division), Tachbrook-road, Leaming- 
ton Spa. The gear is hydraulically-operated, it being 
held by the makers that the control of distant mechan- 
isms by mechanical means is often inadvisable chiefly on 
account of the difficulty of providing adequate lubrica- 
tion and maintenance for the shaft bearings, gears and 
universal joints involved. It is also considered that 
electrical control generally requires relatively elaborate 
gearing to convert the high-speed rotary motion of the 
prime mover into a form suitable for the control, which 
may be required to operate when the electric power 
is cut off or the plant as a whole is idle. For the 
Lockheed hydraulic control it is evident that, since 
the only connection required between the main control 
panel and the individual control mechanism consists 
of pipes of small diameter, subject to a pressure due 
to gravity only when not in actual operation, the 
lead to remote positionsis safe and simple. It is stated, 
moreover, that the system is self-lubricating, is un- 
affected by extremes of temperature, and retains its 
efficiency over long periods with a minimum of atten- 
tion. The controls for any number of points can be 
arranged on one central panel and can be operated 
manually, thus rendering the system independent of 
external sources of power. This arrangement, however, 
is not invariably employed, the method of installation 
more usually adopted including a motor-driven power 
unit with manual operating gear fitted as a standby. 
Further, if so desired, the manual gear may be 
omitted altogether, the power drive being relied upon 
entirely. 

In order to give a preliminary idea of the Lockheed 
system as applied to control from a central panel, 
two views of the main panel of the North Tees “B” 
power station of the North-Eastern Electric Supply 
Company, Limited, are given in Figs. 1 and 2. The 
central four-unit portion of the panel, shown in Fig. 2, 
carries the instruments involved in the running of the 
boiler auxiliaries, etc.; the panels were installed, by 
Messrs. Electroflo Meters Company, Limited, London. 
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The two wing panels carry the controls of the Lockheed 
system, there being two boilers concerned. The back 
of one of the panels is shown in Fig. 1. Both Fig. 1 
and Fig. 2 will be referred.to in more detail later, but 
in the meantime the principles of the system will be 
best realised from the diagrammatic layout shown in 
Fig. 3, which, for simplicity, is of a typical manually- 
operated installation only, the duty being the regulation 
of six butterfly dampers indicated at A to F. The 

wer is derived from the rotary transmitter a actuated 

y a handwheel and consists of hydraulic pressure 
delivered to a servomotor, or operating a “slave” 
cylinder, as it is termed by the makers, actuating a 
lever attached to the damper spindle in each case. 
The slave cylinders are all indicated at b in Fig. 3. 
At c is a four-way selector valve with projecting 
levers, marked A to F, to correspond with the dampers. 
At d is a fluid supply tank connected to both the 
rotary transmitter and the selector valve. Neglect- 
ing, for the moment, the method of indicating the com- 
pletion of the desired movement, the actual] method of 
transmitting power may be referred to. The rotary 
transmitter is, in effect, a four-cylinder hydraulic pump, 
the four cylinders béing arranged radially round the 
spindle of the operating handwheel. The pistons derive 
their reciprocating movement from a roller-bearing 
eccentric on the spindle, contact with the eccentric on 
the return stroke being effected by a helical spring. Each 
piston has a central spring-loaded suction valve, while 
the casing contains corresponding spring-loaded delivery 
valves. When the slave cylinders are double-acting, 
the power is transmitted by rotating the transmitter 
handwheel in the desired direction for appropriate 





movement of the slave cylinder piston, the alteration 

















“ENGINEERING” 


|in the port arrangement being effected automatically. 


The slave cylinders seen in Fig. 3 are double acting. 

The pressure fluid from the transmitter to the cylinder 
is directed to the particular point required by mani- 
pulation of the levers of the selector valve, the 
exhaust or return fluid passages being provided through 
the valve at the same time. The connections are copper 
pipes of smal] diameter, the diagrammatic arrangement 
being shown in Fig. 3 by heavy lines. It will be 
noticed that damper A is operated by lever A on the 
selector valve, this particular damper being arranged 
for independent movement, Dampers B and C, how- 
ever, are to be moved synchronously, hence the corre- 
sponding lever on the selector valve is indicated with 
both letters. Dampers D and E also act synchronously, 
whiJe damper F is again an independent unit. It will 
be understood that this arrangement is illustrative 
only ; the grouping and duty of the slave cylinders is 
capable of almost infinite variety. In some cases, the 
cylinders need be only single-acting. 

Two views of a double-acting cylinder are given in 
Figs. 4 and 5, opposite, of which Fig. 4 shows an actual 
cylinder partially sectioned and Fig. 5 shows, in a 
simplified manner, the ingenious automatic locking 
device adopted to maintain the desired position of 
the damper immediately the actuating pressure in 
the cylinder is relieved. Referring to Fig. 5, the 
piston rod, which is indicated at a, carries a divided 
piston, 6, each half of which has a flange with a conical 
periphery. On each of these cones, and between them 
and the cyl'nder wall, lies a garter spring c, which is 
kept in contact with the wall by a thrust washer d and 
a common helical spring e. The outward radial thrust 
of the garter springs on the cylinder is sufficient to 
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render the piston and rod immovable as long as no 
pressure is being exerted by the rotary transmitter, and 
a positive lock against displacement of the damper from 
its selected position is thus provided, while no alteration 
can occur through slow leakage or from other cause. 
The piston is held in position on the rod by the nut f, 
the sleeve g, and the collar h. The sleeve carries a 
freely-sliding disc i having a flange in line with the 
right-hand garter spring. When pressure is admitted to 
the right-hand side of the cylinder, that is, at j, the 
dise ¢ pushes the garter spring to a smaller periphery of 
the piston flange and the pressure on the cylinder 
wall is relieved, the piston and rod moving towards 
the left and the left-hand garter spring being automati- 
cally relaxed. A fi sleeve k on the left of the 
piston similarly frees left-hand garter spring when 
pressure is admitted to the left-hand side 1 of the 
cylinder and the piston and rod move towards the 
right. The packing device to maintain tightness 
between the two ends of the cylinder consists of rings 
of compressible material m on both the sleeve g and 
the sleeve k, the necessary pressure being exerted by 
the helical springs shown. Referring to Fig. 4, it 
will be recognised that, since the piston rod is attached 
to a lever on the damper spindle, and the point of 
this attachment necessarily describes an arc during 
movement, the cylinders are made of the “ oscillating ’ 
type, being mounted at the opposite end to the piston 
rod on a pivot. The connecting pipes are sufficiently 
flexible to allow for the change of position of the 
cylinder axis and the piston rod is normally protected 
outside the cylinder by a concertina-type covering, 
neither fitting interfering with free movement. 

It is clear that some indication of what has hap- 
pened at the point of remote control must be given 
on the panel at which the control movement is initiated 
and in this connection reference should be made again 
to Fig. 3. The electrical cables concerned are distin- 
guished from the pipes by being shown as a pair of 
lines. There are two forms of indicator, namely, one 
to give the precise position between the “ open ” and 
“closed” positions of the damper at any time; the 
other merely signalling that the damper is either fully 
open or fully closed. The first type is shown in Fig. 3 
as being fitted to dampers A and C, the indication 
being given on a dia] on the panel. An electrical trans- 
mitter e, of a type without contacts, is situated near 
the cylinder and is operated mechanically from the 
— lever, the electrical transmission being 
to the indicating instrument f, which has a dial with a 
pointer operating over a scale showing the whole 
range of damper movement. Since the dampers 
B and C have synchronised movements, only one 
transmitter is necessary for both. This is shown at 
damper C and indicates on the same instrument. as 
that of damper A, an electrical connection on the selec- 
tor valve levers making the necessary changeover of 
the circuits when the lever is operated. Individual 
indicators are sometimes fitted. The second type of 
indicator is shown in connection with dampers D and E. 
It consists essentially of an electrical limit switch g 
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which is actuated at the fully-open and fully-closed posi- 


tions of the two synchronously-operating dampers. The 
appropriate signal is given b: illumination of one 
of the pair of lamps, marked h, the upper lamp showing 
a red light for the open position and the lower lamp a 
green light for the closed ition. The damper F 
has a similar limit switch which actuates the pair of 
lamps i. The electrical transmitter and limit switch 
are fully protected against both moisture and dust. 
The lay-out shown in Fig. 3, does not necessarily 
represent an actual installation. There may be other 
remote-control points than those shown; moreover, 
though butterfly dampers are referred to, the control 
may actuate other mechanisms. It may be noted here 
that the fluid employed in the Lockheed system has 
characteristics to suit which the various parts of the 
apparatus have been designed. The freezing point 
is of the order of —30 deg. C., and the vaporisation 
point about 135 deg. C. It is virtually non-inflam- 
mable and is a satisfactory lubricant. 

Referring now to Figs. 1 and 2, showing the Lockheed 
installation at the North Tees station, it should be 
noted that this is a manually-operated system con- 
trolling the damper gear for two Babcock and Wilcox 
high-head boilers, each capable of evaporating 180,000 
Ib. of water per hour, to a steam pressure of 475 lb. 
- square inch and a temperature of 725 deg. F. The 

ilers are fired with pulverised coal through vertical 
burners and have economisers, superheaters and air 
heaters. There are, in all, 18 slave cylinders, in 9 pairs, 
the duties being the contro] of dampers affecting the 
flows of the primary air, the forced-draught fan dis- 
charge, the cold air by-pass, the recirculating air, the 
economiser outlet, the cyclone gas outlet (two sets), the 
hot air to the primary-air fans, and the ee gem 
air to these fans. All the cylinders are fitted with 
electrical] transmitters. In Fig. 1, showing the back 
of one of the control panels, the hand-operated hydrau- 
lic transmitter can be distinguished as a cross-shaped 
fitting on the lower left-hand side, with the pipes 
connected to it from the tanks at the top of the panel 
and those leading from it to the two nine-way selector 
valves on the desk portion of the panel. The fittings 
seen on the lower right-hand side are connections for the 
electrical transmitters. In Fig. 2, the handwheel for 
operating the hydraulic transmitter is clearly shown 
on the lower front of each of the panels, while on the 
desk are the projecting levers of the selector valve and, 
above them, the damper position dial indicators. The 
indicators in a horizontal row at the top of the panels 
show the level in the tanks. All the 18 cylinders are 
of the autoloc type shown in Figs. 4 and 5, and all, 
except two, have a bore of 1} in. and a stroke of 6 in., 
the exceptions being the cylinders for the economiser 
outlet, which have a stroke of 10 in. It may be noted 
here that the standard cylinders are made with bores 
of lj in., 1} in., or 2} in., and with strokes ranging from 
6in. to 14in. Since the average working pressure can 
be of the order of 1,000 Ib. per square inch, it is evident 
that the cylinders can exert a considerable torque on 
the levers of the damper spindles or other mechanisms. 


The more generally used form of Lockheed trans- 
mission, namely, that having the hydraulic transmitter 
operated by a motor with hand operation as a standby, 
may now be referred to. The motor is usually of 
# h.p. for any size of installation, since only one unit 
can 4 operated at a time. Further, since the motor 
is only running when there is pressure on the unit 
being gene the power consumption is negligible. 
It will obvious, however, that if the ty supply 
fails without warning, no time should be lost in 
changing over to the hand-operated hydraulic trans- 
mitter. Two additional fittings are required in the 
alternatively-operated installation. One of these is 
a change-over valve which is situated between the 
selector valve and the outlets from the motor-driven 
pump and the hand-operated transmitter. The valve 
is operated automatically by the pressure generated 
by the particular source of power to be used, so that the 
change-over is immediate and positive and requires no 
manipulation on the part of the control panel attendant. 
The other additional fitting is a metering and reversing 
valve. When using the manually-operated transmitter, 
the pistons of the slave cylinders can be made to 
traverse in either direction, by simply reversing the 
direction of rotation of the handwheel. The motor, 
however, runs in one direction only and the function 
of the reversing valve is to control the direction of 
movement of the cylinder pistons by reversing the flow 
from the motor-driven The valve is operated by 
a lever which is spring-loaded to take up a central posi- 
tion when all circuits are open and in communication 
with the fluid supply tank. The first few degrees of 
movement of this lever in either direction switch on the 
motor, while further movement progressively causes the 
fluid to flow in the appropriate direction to open or close 
the dampers. The greater the extent of the angular 
movement of the lever the higher the speed of movement 
of the damper; hence the term “ metering ” as well as 
reversing valve. This device is necessary since the 
motor runs at a constant speed, whereas with hand- 
wheel operation the speed of opening and closing is 
correlated with the speed of rotation of the wheel. On 
releasing the lever of the reversing valve, the motor is 
automatically switched off and the lever goes back to the 
original central position. 

It will be seen on referring to Fig. 3, that the move- 
ment of a pair of cylinders may be synchronised, 
but there are instances, particularly where induced- 
draught fans are concerned, in which it may be desired 
to vary in phase the opening and closing of a pair of 
dampers. fh such cases a coupling valve is fitted, the 
valve having a lever which can be set in one of three 
positions. The first position connects one cylinder to 
the pressure mains, the second position connects both 
cylinders to these mains, while the third position affects 

e second of the two cylinders concerned. en the 
coupling valve lever is in the intermediate position, 
both the fan control vanes, to which they are usually 
coupled, are operated synchronously, but by setting 
the lever in either of the extreme positions, either 
cylinder can be operated independently, so that if 
synchronism is not quite precise the discrepancy can 
be corrected. Again, the two cylinders may require 
to be adjusted relatively to one another; it may be, 
for example, that, in order to compensate for dirty fan 
vanes one cylinder may have to be put, say, } in. in 
advance of the other in stroke and to maintain that 
lead throughout the stroke. The coupling valve 
enables this kind of adjustment to be made readily. 
The other fittings, indicating dials and lights of an 
alternatively-operated installation call for no com- 
ment as they are generally similar to those already 
described for the manually-operated system. Similarly, 
it is scarcely necessary to point out that an installation 
which is power-operated only has no major difference 
from the other two, though it will not, of course, have a 
change-over valve while retaining the metering and 
reversing valve. It only remains to say that the 
Lockheed hydraulic remote-control system is suffi- 
ciently flexible to solve practically any problem which 
may arise in the movement of mechanisms in places 
difficult of access or inter-related in a complex manner. 





STANDARD ELECTRICAL Ptives AND SocKETS.—In 
reply to Mr. F. J. Erroll, who, inthe House of Commons 
on Monday, December 16, asked what steps were being 
taken to secure the immediate manufacture on the 
widest scale of the universal domestic plug and socket 
recommended by the Ministry of Works Electrical 
Installations Study Committee, the Minister of Supply 
(the Rt. Hon. J. Wilmot, M.P.) said that manufacturers 
were proceeding with development work pending the 
publication in the near future of a new British Standard 
Specification. Owing to the necessity for re-tooling, 
however, substantial supplies were not likely to be 
available for about 12 months. In reply to a further 
question, the Minister of Works (the Rc. Hon. J. Tomlin- 
son, M.P.) said it was the general policy of his Department 
to encourage the use of articles complying with British 





Standard Specifications. 
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sole, B.Se. (Witwatersrand), Johannesburg, Transvaal ; 
Raoul Nissim, London, E.C.4; Robert Burton Page, 
Bolton ; Bernard Payne, Southall, Middx.; Lieut. (E) 
a Briscoe Penn, R.N., London, S.W.1; Albert 
Edward Bell Perrigo, B.Sc. "(Eng.) (Lond.), Walsall, 
Staffs.; Sydney White Potter, Aberporth, C 
James Skirving Pratt, B.A. (Cantab.), Sheffield ; 
Eugene Ratner, Havant, Hants.; Lieut. (E) Richard 
Douglas Roberts, R.N., Donibristle, Crossgates, Fife ; 
Frank William Ross, Camborne, Cornwall; William 
Ross, B.Sc. (Glas.), Glasgow; James Duthie Scott, 
B.Sc. (Edin.), , Nigeria, British West Africa ; 
John Inglis Scott, London, S.W.7; Leonard Edward 
Shore, London, N.11; Wing-Comdr. Denis Bonham 
Smith, B.A. (Oxon), R.A.F., Preston; Philip Smith, 
B.Sc. (Bristol), Bath; William Smurthwaite, Bridg- 
water, Somerset ; Stanley Joseph Smyth, M.Sc. 
(B’fast), Brough, Yorks.; Lt.-Comdr. (E) Richard 
Stanley Spooner, R.N., Torpoint, Cornwall; John 
Stainton, Port Ahuriri, New Zealand ; Charles Stallard, 
Darlaston, Wednesbury, Staffs.; Reginald Percy 
Taylor, London, W.3; William Joseph Stanley Thomp- 
son, London, N. W. 10; Haydn Titley, 
George Oswald Urion, Ebute Metta, Me 5 British 
West Africa ; George Meredith Vibart, 0.B.E., London, 
8.W.1; Herbert ward Watkins, Newcastle-upon- 
Tyne; William Henry Cecil Webster, Knockholt, 
Sevenoaks, Kent ; Albert Charles Whiffen, M.Sc. (Eng.) 
(Lond.), West Drayton, Middx.; Francis Gunston 
Swift White, Birmingham; Edgar John Williams, 
Newcastle-upon-Tyne ; John Smith Wood, Manchester ; 
William phere Yates, Keighley. 





LAUNCHES AND TRIAL TRIPS. 


8.8. ‘‘ Voto.”—Single-screw cargo vessel for service 
between Hull and Scandinavia. Built and engined by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
Walker, Newcastle-on-Tyne, for Messrs. Ellerman’s 
Wilson Line, Limited, Hull. Main dimensions: 297 ft. 
overall by 42 ft. by 25 ft. 3 in. to shelter deck; dead- 
weight capacity, 2,117 tons on a draught of 17 ft. 24 in. 
Triple-expansion engine with exhaust turbine on Bauer- 
Wach system and two oil-fired boilers. Trial trip, 
December 9. 


M.S. “ BrrrisH HOoLLy.”—Single-screw tanker built by 
Messrs. Sir James Leing and Sons, Limited, Sunderland, 
for Messrs. British Tanker Company, Limited, London. 
Main dimensions: 463 ft. 54 in. by 61 ft. 9 in. by 
34 ft. 1 in.; deadweight capacity, 12,250 tons on a 
draught of 27 ft. 7in. Opposed-piston four-cylinder oil 
engine supplied by Messrs. William Doxford and Sons, 
Limited, Sunderland. Trial trip, December 16. 





CONTRACTS. 


THE ASSOCIATED EQUIPMENT COMPANY, LIMITED, 
Southall, Middlesex, have received numerous orders for 
their ‘‘ Regal” Mark III motor-vehicle chassis. Fifty of 
these are to go to the Auto-Viacao Jabaquara, S&éo Paulo, 
Brazil; ten to Messrs. Wilson, Sons and Company, 
Limited, Rio de Janeiro ; 150 to Messrs. Agar Cross and 
Company, Limited, Buenos Aires ; 30 to the Lisbon Elec- 
tric Tramways, Limited; and 15 to the Sydney Trans- 
port Board, New South Wales, Australia. Orders for the 
firm’s ‘‘ Mammoth Major ” six-wheel goods chassis have 
also been received from Buenos Aires, Montevideo, and 
the Belgian Congo. 

Among orders for Vulcan-Sinclair couplings recently 
received by Messrs. HYDRAULIC COUPLING AND ENGI- 
EERING COMPANY, LiMiTED, Fluidrive Works, Worton- 
road, Isleworth, Middlesex, are six for underground 
Diesel locomotives to be built by Messrs. Ruston anD 

HORNSBY, LimiTeD, Lincoln ; four for underground con- 
veyors to be built by Huwoop MINING MACHINERY, 
LimireD, Gateshead-on-Tyne; eight for fan drives, 
supplied by Messrs. Davipson AND CoMPANy, LIMITED, 
London, for an oil-refinery power plant; 16 for drilling- 
rig drives manufactured by the ENGLISH ELECTRIC Com- 
PANY, LimIreD, Rugby; and 19 for Diesel excavators, 
made by RANSOMES AND RAPIER, LIMITED, Ipswich. 








specification of engineering interest 
has been rater by the British Standards Institution. 


Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of the paragraph. 


Air-Depolarised Primary Cells.—A new specification, 
B.S. No. 1335-1946, covering air-depolarised primary 


~| cells, prescribes the minimum rating of these cells on 
continuous discharge, me the methods of test 
on which the rating is po 
defied ithe speciation a bing 

having two el 


other of zine, in an electrolyte of ammonium chlcride, 
or other salt or salts, or caustic soda, and in which 
the depolarisation is mainly effected by air, to which 
free access must be Ce A system of nomenclature 
is worked out whereby the various t and sizes of 
cells are expressed by a sequence of two or three 
letters and a number. Details of the quality of the 
materials to be used and also the dimensions of elec- 
trodes, containers, connecting wires and terminals are 
included. [Price 2s., postage included.] 





BOOKS RECEIVED. 


Ministry of Transport. Railways Division. Railway 
Accidents. Report on the Derailment which Occurred 
on the 15th July, 1946, at Hatfield on the London and 
North Eastern Railway. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 1s. net.] 

Conversion of Locomotives from Coal to Oil Burning. 
Ministry of Transport Plan for Converting 1,217 
Locomotives. Equipment of Oil-Burning Locomotives 
on the G.W.R. Described, which Forms the Basis 
of the Scheme. “The Railway Gazette ” Offices, 33, 
Tothill-street, Westminster, London, 8S.W.1. [Price 2s.] 

Bending of Reet Ll Flat Slabs. By PROFESSOR 
H. Yu. Professor H. Yu, Department of Structural 
Engineering, National Wuhan University, Wuchang, 
Hupeh, China. 

of Scientific and Industrial Research. Road 
Research. Bulletin No. 4. Issued in co-operation with 
the Ministry of War Transport. Soil Survey Procedure 
and Its Application in Road Con-truction. By A. H. D. 
MARKEWICK and S. B. WEBB. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 9d. net.) 

University of Minnesota. Engineering Experiment 
Station. Technical Paper No. 54. Thermal Short 
Circuits in a Metal Wall. By R. M. Orson. The 
Director, Engineering Experiment Station, University 
of Minnesota, Minneapolis, Minn., U.S.A. 

University of Minnesota. Engineering Experiment 
Station. Bulletin No. 24. Factors Affecting Heat 
Transmission Through Insulated Walls. By FRANK B. 
ROWLEY and CLARENCE E. LuNpD. The Director, 
Engineering Experiment Station, University of 
Minnesota, Minneapolis, Minn., U.S.A. 

Svenska Forskningsinstitutet for Cement och Betong vid 
Kungl. Tekniska Hégskolan i Stockholm. Proceedings. 
No. 7. A Dynamik Method for Determining Average 
Elastic Properties of Surface Soil Layers. By SVEN G. 
BerRestR6M and SVEN LINDERHOLM. The Secretary, 
Swedish Cement and Concrete Research Institute, 
Royal Technical University, Stockholm, Sweden. 
[Price kr. 5.] 

Engineering Industries Association. The Finance Act, 
1946: A Synopsis and Commentary for Engineers. 
Together with Further Representations on Some Post- 
War Financial Problems of the Engineering Industries. 
Offices of the Association, 9, Seymour-street, Portman- 
square, London, W.1. [Price 2s. 6d.) 

The University of Toronto Engineering Society. Trans- 
actions and Year Book, 1946. The Secretary, Engineer- 
ing Society, University of Toronto, Toronto, Ontario, 
Canada. 

The British Engineers’ Association. Classified Handbook 
of Members and Their Manufactures. 1946 edition. 
Offices of the Association, 32, Victoria-street, West- 
minster, London, 8.W.1. 

World Power Conference. Reports on Fuel Economy 
Since 1939. British National Committee’s Report. 
Central Office, World Power Conference, 36, Kingsway, 
London, W.C.2. [Price 1s. 6d. net.]} 

“* Mechanical World” Monographs. No. 26. Engineering 
Radiography. Emmott and Company, Limited, 
31, King-street West, Manchester 3. [Price 2s. 6d. 
net.) 

United States National Bureau of Standards. Circular 
No. C452. Slip Casting of Clay Pots for the Manufac- 
ture of Optical Glass at the National Bureau of Stan- 
dards. By RAYMOND A. HEINDL, GORDON B. MAssEN- 
GALE and Louis G. CossEeTTe. Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., U.8.A. [Price 10 cents.] 

Practical Mechanics for All. Edited by Dr. Leroy A. 

Beavuroy. Odhams Press Limited, Long-acre, Lon- 

don, W.C.2. [Price 9s. 6d.) 








of a new board of directors appointed to operate Canty 
AND WIRELESS, LiMiTED, which firm the Government 
are finally taking over on January 1, 1947. Sir Stanley 
thus succeeds Sir Epwarp WiisHaw, K.O.M.G. Mr. 
JOHN INNES, C.B., B.Sc, (Eng.), M.I.E.E., is to be manag. 
ing director. Majorn-GENERAL L. B. NICHOLIS will also be 
on the board, as well as Mr. A. CO. BLack and Mr. C. N. 
GaLLE. The two last-mentioned gentlemen will serve 
in a part-time capacity. On the retirement of Colone] 
Sir Stanley Angwin from the position of Engineer-in- 
on of the Post Office, Mr. A. J. Gut, B.Sc. (Eng.), 
M.I.E.E., at present deputy Engineer-in-Chief, will suc- 
ceed to the appointment. 

Mr. A. EB. Sy¥ivesrer, F.C.A., has relinquished the 
position of Governor of the Gas Light and Coke Company 
on medical advice, but will continue to serve as a director. 
Mr. MICHAEL MILNE-WaATSON has been appointed 
Governor in succession to Mr. Sylvester. Mr. F. M. 
Birks, O.B.E., M.I.Mech.E., has been elected Deputy 
Governor, in place of Mr. HENRY WOODALL, M.Inst.C.E., 
M.1.Gas.E., who, as stated on page 562, anfe, is retiring 
on December 31. 

Mr. J. C. W. Humrrey, O.B.E., M.Sc., M.Eng., B.A., 
who is retiring on December 31 from the position of 
Superintendent of the Technical Applications of Metals 
(S.T.A.M.), Ministry of Supply, and was, for 21 years 
prior to the war, metallurgist to Messrs. Sandberg, 
consulting engineers, is joining Messrs. Riley, Harbord 
and Law, Parliament Mansions, Abbey Orchard-strect, 
Victoria-street, London, S.W.1, on January 1, 1947. 

Mr. A. M. BRYAN, B.Sc., M.1.Min.E., F.R.S.E., has 
been appointed to be Chief Inspector of Mines, in suc- 
cession to Smk JOHN FELTON, who is retiring early in 1947. 

Dr. A. G. WALKER, now lecturing at the University 
of Liverpool, is to succeed the late PRoFrEssor P. J. 
DANIELL in the Chair of Mathematics at the University 
of Sheffield. Dr. T. S. STEVENS has been appointed 
senior lecturer in organic chemistry, and Mr. H. J. V. 
TYRRELL assistant lecturer in chemistry. 

Mr. Ian G. Newson, D.F.C., B.L., has been appointed 
assistant secretary (Scotland) of the Royal Institution of 
Chartered Surveyors in place of Mr. A. E. W. HENDER- 
s80N, M.B.E., B.A., who is shortly to be transferred to the 
headquarters of the Institution, 12, Great George-street, 
London, S.W.1, as assistant secretary. 

Mr. E. Bruce BALL, managing director, Messrs. 
Glenfield and Kennedy, Limited ; Mr. C. D. H. Macarr- 
NEY-FILGATE, managing director, Tubes Limited; and 
Mr. W. J. Ruston, director, Messrs. J. Stone and 
Company, Limited, have been elected members of the 
Governing Council of THE BRITISH ENGINEERS’ ASSOCIA- 
TION, 32, Victoria-street, London, 8.W.1. 

Mr. L. C. C. RAYNER, B.Sc. (Eng.), M.I.H. & V.E., has 
joined the Air Ministry to take charge of the heaving 
and ventilating department, in succession to MR. WALTER 
HARDING. 

Mr. K. R. PLowricut, A.M.1I.Mech.E., A.M.1.H.& V.E., 
has resigned his position on the staff of Hope’s (Engineers), 
Limited, and joined Messrs. Musgrave and Company, 
Limited, St. Anne’s Ironworks, Belfast, as manager in 
charge of the air-conditioning and ventilation department. 

Messrs. ALEXANDER GOTHARD AND PARTNERS, 
consulting engineers, announce that on and after Jan- 
uary 1, 1947, they will be conducting their practice 
from 8, Adam-street, Adelphi, London, W.C.2. (Tele- 
phone ;: TEMple Bar 4688.) 





SHEET AND Srrip METAL USERS’ TECHNICAL ASSOCIA- 
TION.—The final arrangements for the winter conference 
of the Sheet ard Strip Metal Users’ Technical Association, 
which, as stated on page 547, ante, is to be held on 
January 31 and February 1, 1947, at the Waldorf Hotel, 
Aldwych, London, W.C.2, have now been made. The 
technical sessions will be held from 10 a.m. until 4 p.m.. 
on Friday, January 31, and from 9.30 a.m. until 12 noon 
qn Saturday, February 1. On the morning of Friday, 
two papers will be taken, namely, “‘ Solders and Soldering 
Practice,” by Mr. R. G. Harper, of Fry’s Metal Foundries, 
Limited ; and “‘ Flame Spraying by the Powder Pistol,” 
by Dr. W. D. Jones, of Schori Metallising Process, 
Limited. In the afternoon, Mr. H. Granjon, of the 
Institut de Soudure Autogéne, Paris, will present the 
paper, ‘‘ The Welding of Steel with Special Reference to 
Hardenability.” On Saturday morning, February 1, 
Mr. H. Dixon, of Philips Lamps, Limited, will deal with 
“ Fundamental Principles in Resistance Welding of 
Sheet Metal,” and Mr.’ K. Hayward, of the Bristol 
Aeroplane Company, Limited, with “ Development of 
Zinc-Alloy Tools for Blanking and Raising in Mechanical 
Presses,” by Mr. K. Hayward. The Association's 
banquet will be held, in the evening of Friday, January 31, 
at the Café Royal, Regent-street, London, W.1. Further 
particulars of the conference may be obtained on appli- 
cation to the honorary secretary, 49, Wellington-street, 
London, W.C.2. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—The steelworks and ancillary producers 
are endeavouring to clear up their December delivéries 
before the New Year holidays commence on the 28th, 
but a heavy carry-over of certain orders is almost 
unavoidable. Tonnage carried over is “ lost,” of course, 
and the transport delays are making it exceedingly 
difficult for producers to satisfy their customers. Plates 
are in exeeptionally heavy demand, and bookings in 
hand represent six months’ output. Sections and bars 
are taking three months to deliver and steel sheets six 
months. The re-authorisation scheme, though not yet 
completed, has resulted in the delivery period for 
approved orders being reduced from approximately nine 
months to six. Re-rollers have a full home and export 
programme, with about three months’ work in hand. 
The Seottish steel output for 1946, it is estimated, will be 
about 150,000 tons larger than that for 1945; pig-iron 
output will be about the same as for last year. 


Scottish Colll.—The end of the year pressure for 
supplies is now in full swing, but outputs are being main- 
tained at the recent higher levels previously reported. 
The programme has had to be amended in parts to 
provide for the holiday needs of certain priority con- 
sumers, and, in the Lanarkshire area, the changes im- 
posed have aroused a good deal of local criticism. In most 
instances, rectifications followed before serious damage 
to production had developed, and the experience proved 
the need for the utmost caution in handling the pro- 
gramme at this critical juncture, when supply margins 
have almost disappeared. Electric power etations are 
perhaps in the most need at the moment, as their meagre 
reserves have been dwindling seriously in places. The 
railways are also in need of supplies, and some house coal 
may be diverted, later in this month, to relieve the rail- 
way shortages to some extent. The gasworks are not 
complaining, but here also throughputs have soared to 
record high levels, and a cut in pressure has been fore- 
shadowed for the near future. House-coal consumers 
have again obtained a fair allocation of the coal avail- 
able, and depot stocks are believed to be substantially 
intact. Anthracite deliveries are still meeting the 
increased demands relavively well, and the fact that 
producers are not much more than two weeks in arrears 
witb deliveries suggests that the position is fairly normal 
for this time of year. 





NOTES FROM THE SOUTH-WEST. 


CarRpIFrF, Wednesday. 


The Welsh Coal Trade.—An explanation of how the 
coalfield will operate when the South Western Divisional 
Coal Board takes over control was given to a delegate 
conference of South Wales miners last week. The new 
chairman, General Sir Alfred Godwin-Austen, has now 
arrived in Cardiff where he will have his headquarters. 
The division will be divided into seven areas, one of 
which will cover the Forest of Dean and Somerset coal- 
fields. Each of these will have its own centre and an 
officer in charge of production who will act under Mr. 
T. S. Chariton, the Divisional Director of Production, 
who will have his headquarters at Ystrad Mynach. All 
national and district agreemente will be taken over, 
together with compensation and pension payments, and 
it has been announced that a five-day week will begin on 
May 5, 1947. Returns issued last week showed that, 
in the first eleven months of this year, coal exports, 
both as cargo and bunkers to home as well as foreign 
destinations from the six chief South Wales ports, 
amounted to 4,993,436 tons, which, although slightly 
higher than those in the corresponding peri f last 
year, were only about one-fifth of those shipped in 
pre-war years. Supplies of all descriptions were 
extremely scarce on the Welsh steam-coal market 
throughout the past week. There was a brisk demand, 
particularly on home account, but although production 
continued to show steady improvement, sellers were 
unable to accept any but the most pressing orders, as 
the collieries’ outputs generally were already well sold 
over @ long period ahead. Exports remained almost 
entirely in abeyance, except for some anthracites which 
were going to Canada and limited quantities of the very 
lowest grade fuels. Bunker trade continued brisk. 
Cokes and patent fuel were in keen demand on home 
account, and stems were difficult to arrange. 


Swansea Steel Sheet Industry.—The market report 
issued by the Incorporated Swansea states 
that the strong demand for tin-plates is fully maintained 
and makers have sold satisfactory quantities to home 
consumers for delivery during the first quarter of 1947. 
In the export market the demand is good but, as home 
requirements absorb the greater bulk of the production, 
business is restricted. Steel sheets continue to be 
sought after and the rolling mills are fully employed. 
The iron and steel scrap market, if anything, is a little 
quieter. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The total tonnage production of 
iron and steel is heavy, but is still inadequate for current 
needs and the demand is increasing. There is an intense 
pressure for larger deliveries and makers of many com- 
moditvies are unable to meet their customers’ claims for 
supplies under running contracts. Buyers, though 
extensively covered, are anxious to negotiate for further 
supplies and the volume of business offered greatly 
exceeds the capacity of the plants in operation. Pro- 
ducers of most descriptions of material are as extensively 
sold as they consider advisable. They have greatly con- 
gested order books and insufficient raiJ transport con- 
tinues to impede the removal of delayed delivery parcels. 
The pig-iron position is slightly easier, due largely to the 
free use of scrap at foundries and steelworks. The con- 
tinued scarcity of certain classes of semi-finished steel is 
disquieting, and finished products are wanted in large 
quantities. 

Foundry and Basic Iron.—More high-phosphorus pig 
iron is required for the light foundries, where plant has 
had to be run at high pressure to keep pace with the 
builders’ requirements. Since the production of ordinary 
Cleveland foundry pig has been discontinued, North- 
East Coast consuming plants have been dependent on 
regular supplies of suitable blast-furnace products from 
other iron centres; most of the high phosphorus iron 
reaching this area is from the Midlands. Basic iron is 
being absorbed in increasing quantities by the maker’s 
own consuming plants and there is none available for 
other purposes. 

Hematite, Low-Phosphorus and Refined Iron.—Heavier 
tonnages of East Coast hematite, as well as of low- and 
medium-phosphorus grades of iron, are being specified 
for the engineering foundries. As yet, outputs are 
sufficient for users’ requirements but the demand is grow- 
ing and supplies are not so readily obtainable as they 
were a short time ago. Distributable parcels of refined 
iron are readily disposed of. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are managing to handle their 
customers’ requirements fairly satisfactorily. but the 
demand for all descriptions of steel far exceeds supplies. 
Producers are heavily sold and arrears in deliveries are 
large and increasing. Export allocations have been 
severely cut in the interest of home industries, but the 
tonnage diverted to domestic needs is far from sufficient 
for urgent requirements. Outputs of black and gal- 
vanised sheets are fully sold till the end of June and plate 
producers cannot undertake new business except for 
distant delivery dates. Rails, chairs, points and cros- 
sings, and other railway requisites continue in strong 
demand and bookings are sufficient to ensure great 
activity at the plants for the next few months. Pro- 
ducers of pit props, arches, roofings, and all types of 
colliery equipment, have as much work in hand as they 
can deal with. 

Scrap.—There is great activity in scrap. Ample 
supplies are available to meet a brisk demand for all 
grades of cast-iron scrap and for good heavy steel scrap. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—The supply of coke for pig-iron making 
barely meets the demand, and the quality is variable, 
owing to the mixed types of coal allocated to coke-works. 
Finished iron is in good request. There is over-ordering 
in steel and steel products. Steel supplies are short of 
requirements. The scarcity of skilled labour at the 
rolling-mills and the lack of imports from the United 
States continue to impede production in some depart- 
ments. Considerable developments in stainless steels 
are well in hand with the object of taking full advantage 
of the growing requirements in many overseas markets, 
some of which were held by Germany before the war. 
Heat-resisting eteels continue to be in very strong 
request ; there is no indication of any reduction in the 
demand from numerous markets abroad. The cancella- 
tion of Danish import licences is affecting tool-makers, 
who have had important orders annulled. 

South Yorkshire Coal Trade.——Wagon shortage has 
retarded the efforts of miners to make December the best 
production month of the year. The general demand is 
increasing, especially for supplies for public-utility under- 
takings, which are endeavouring to accumulate sufficient 
coal to tide them over the New Year period, when the 
demand for gas and electricity usually reaches its peak. 
More gas coal is needed to offset the reduced supplies of 
coke-oven gas. Urgent calls for house-coal have entailed 
some Sunday deliveries. 





RovaL AGRICULTURAL SHOw.—The 1947 Show 
organised by the Royal Agricultural Society of England, 
16, Bedford-square, London, W.C.1, will be held at 





Lincoln from July 1 to 4. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF HzaTING AND VENTILATING EnGIN- 
EERS.—East Midlands Branch: Wednesday, January 1, 
6.30 p.m., Victoria Station Hotel, Nottingham. “The 
Metering of Fiuid Flow,” by Mr. A. Linford. Institution : 
Wednesday, January 8, 6 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, 8.W.1. 
“ Air Filtration,” by Mr. N. 8. Billington. Manchester 
Branch : Monday, January 13, 7 p.m., Milton Hall, 
Deansgate, Manchester. “Unit Heaters,” by Messrs. 
H. Y. Turnbull and H. Hoyle. 

Ruespyr ENGINeeRIne Sociery.—Wednesday, Jan- 
uary 1, 7.30 p.m., Corporation _Hiectelcity vp con 
Little Church-street, Rugby. “ Engineering Finishes, 
by Messrs. F. Widnall and R. Newbound. 

INSTITUTION OF PRODUCTION ENGINEERS.—London 
Section: Thursday, January 2, 6.30 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
&.W.A. “ Structure of Management,” by Mr. G. Chelioti. 
Yorkshire Section: Monday, January 6,7 p.m., Hotel 
Metropole, Leeds. “‘ Training in Industry,” by Mr. 
Peter Smith. Liston Section: Wednesday, January 8, 
7 p.m., Central Library, Luton. “ Sintered Carbides,” by 
Mr. H. Eckersley. Nottingham Section: Wednesday, 
January 8, 7 p.m., Victoria Station Hotel, Nottingham. 
“ apprenticeship Training,” by Mr. B. P. Cooper. 

INSTITUTION OF MECHANICAL ENGINEERS.—Friday, 
January 3, 5.30 p.m., Storey’s-gate, St. James’s Park, 


S.W.1. “‘ The Aeroplane Undercarriage,” by Mr. H. G. 
Conway. “ Aircraft Wheel Brakes,” by Mr. D. A. L. 
Robson. “ Development of Ultra High-Pressure Hy- 


draulic Systems,” by Mr. S. M. Parker. North-Eastern 
Branch: Monday, January 6, 6 p.m., Neville Hall, 
Newcastle-upon-Tyne. “An Axial-Flow Gas Turbine 
for Jet Propulsion,” by Dr. D. M. Smith. “ Cascade 
Wind Tunnel Research,” by Mr. K. Watson Todd. 
And at the Institution: Friday, January 10, 5.30 p.m., 
Storey’s-gate, St. James’s Park, 8.W.1. 

LONDON ASSOCIATION OF ENGINEERS.—Saturday, 
January 4, 6.30 p.m., Charing Cross Hotel, W.C.2. 
Films: “‘ Magic Wand of Industry ” and “ Prevention and 
Control of Distortion.” 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, January 6, 6 p.m., James Watt 
Institute, Birmingham. “ Colonial Tel ications 
Systems and Plant,” by Messrs. C. Lawton and V. H. 
Winson. North-Western Centre: Tuesday, January 7, 
6 p.m., Engineers’ Club, Manchester. “ Design of High- 
Voltage Oil Circuit Breakers,”’ by Messrs. H. E. Cox and 
T. W. Wilcox. And at the North-Eastern Centre: Mon- 
day, January 13, 6.15 p.m., Neville Hall, Newcastle-upon- 
Tyne. London Students’ Section : Wednesday, January 
8, 7 p.m., Victoria-embankment, W.C.2. “‘ Radio Trans- 
mitting Valves,” by Mr. A. Mason. 

INSTITUTION OF OHEMICAL ENGINEERS.—Tuesday, 
January 7, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. “* The Fischer-Tropsch Process,” 
by Dr. C. C. Hall and Mr. A. H. Taylor. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
January 7, 6 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, S.W.1. “Problems of 
Cylinder Bore Wear,” by Mr. W. A. Robotham. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—Tuesday, January 7, 6.30 p.m., 39, Eimbank- 
crescent, Glasgow. “ Recent Developments in Coal- 
Mining Practice,” by Mr. R. A. Moore. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Slough Section : 
Tuesday, January 7, 7 p.m., Messrs. High Duty Alloys, 
Trading Estate, Slough. “ Melting Furnaces.” East 
Anglian Section: Thursday, January 9, 7 p.m., Central 
Library, Ipswich. “ Short Visit to the United States,” by 
Mr. F.Tibbenham. Jancashire Branch: Thursday, Jan- 
uary 9, 7 p.m., College of Technology, Manchester. 
“* Apprenticeship Training,” by Mr. J. Gardner. Lincoln 
Section: Thursday, January 16, 7.15 p.m., Technical 
College, Lincoln. “American Iron Foundry Melting 
Practice,” by Mr. W.J. Driscoll. 

HULL CHEMICAL AND ENGINEERING Socrery.—Tues- 
day, January 7, 7.30 p.m., Church Institute, Albion- 
street, Hull. Presidential Address on “ Instrumentation 
in the Chemical Industry,” by Mr. E. E. Connolly. 

INSTITUTION OF STRUCTURAL ENGINEERS.— Thursday, 
January 9, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
“ Extensibility and Modulus of Rupture of Conerete,” by 
Professor R. H. Evans. 

INSTITUTION OF ENGINEERING INSPECTION.—Thursday, 
January 9, 6 p.m., St. Ermin’s Hotel, St. James's Park, 
8.W:1. “Coloured Television,” by Messrs. L. C. Jesty 
and J. E. B. Jacob. 

WEst OF SCOTLAND IRON AND ‘STEEL InsTITUTE.— 
Friday, January 10, 6.45 p.m., 39, Elmbank-crescent, 
Glasgow. ‘‘ Open-Hearth Furnace Flames,” by Dr. J. H. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMr.e Bark 3663 and 3664. 


All editorial ce should be addressed 
o the Editor and all other correspondence to the 
Manager. 





Accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National! Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2, 





SUBSCRIPTIONS. 





The price per copy of “ENGINEERING” 
is to be increased to 1s. 6d. as from our issue 
of January 3, 1947. At the same time, the 
edition printed on thin paper for foreign circu- 
lation is to be discontinued, so that in future 
all subscription orders will be on the same 
terms, as follows :— 


Twelve months, including postage, for the 
United Kingdom and abroad £4 10s. 0d. 
and pro rata for six or three months. 


Canada, for twelve months, £4 5s. 0d. 


All current subscription orders will be com- 
eleted at the old rates. 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 8s. for the first four lines 
or under and 2s. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the charge is 24s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS, 


oe nee intended for insertion in 
current week’s issue must be received not late 
than first post Wedfiesday. naan 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval, 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession tor more 
than two years. 
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THE TURN OF THE YEAR. 


Ir is an interesting experiment in comparative 
history to review the past ten or a dozen New Years 
and to recall, as well as fallible human memory will 
permit, the general impression that each conveyed 
at the time. In some cases, the influence of current 
events tended to induce a retrospective frame of 
mind and a feeling of self-congratulation (which is 
not the same thing as self-satisfaction) by reason of 
advances accomplished or difficulties surmounted. 
In other years, the tendency has been to look forward 
rather than backward ; this was particularly evident 
during the war years, when there was always the 
feeling that, if the going was hard for Britain, it was 
hard also, and becoming steadily harder, for Britain’s 
enemies, and that the much-quoted “swing of the 
pendulum ” must begin to show itself before long. 
Always, however, there was an optimistic strain in 
the contemplation of another New Year, and this 
persistently recurred in spite of setbacks, such as 
the debacle which ended at Dunkirk; for, as the 
odds piled up against the British people, so did their 
determination not to lie down before they were 
dead. 

It would be pleasant indeed if such unity of mind 
and purpose, and such invincible optimism, could be 
engendered by the situation that confronts this 
country to-day ; but the plain fact is that the omens 
are less propitious than they have been at any time 
since the depths of the inter-war depression, when 
unemployment was at its worst, British currency 
almost ceased to be a medium of exchange in some 
Continental countries, and British passengers in 
British liners on the North Atlantic were instructed 
that they must produce dollars, and not sterling, for 
casual expenditure on board. Other countries, too, 
have their difficulties, not always of their own mak- 
ing ; but it is the general experience that the home- 
made difficulties are the least amenable, and it is 
the contemplation of the host of home-made 
difficulties—few of which could be described as 
unavoidable—that is causing such widespread dis- 
quiet at the present time among those, especially in 
industry, whose habit it is to look ahead more than 
a fortnight or so. 





The coal situation is, perhaps, the foremost of 
these causes of disquiet. In past winters there have 
been coal shortages, but always there has been a 
comforting feeling that the coal was available, if 
only it could be brought to the customer as and 
when he required it ; his problems, he felt, would 
be solyed in a week or two, when transport and dis- 
tribution difficulties were eased, or the demands of 
the export market or priority consumers had been 
met. To-day there is no such comforting reflection. 
The coal is there, undeniably, but it is in the ground, 
where it is likely to remain until either the miners 
decide to reduce voluntary absenteeism very con- 
siderably or to admit foreign labour into the pits. 
Meanwhile, factories, gasworks and power stations 
must curtail their operations, exports of coal are 
virtually non-existent, and the discomfort and ill- 
health that inadequate heating brings in its train 
become daily more serious. While some industries 
are bewailing the need for compulsory short time 
because of lack of fuel or, in some cases, of raw 
materials, others all over the country are being com- 
pelled to reduce their working hours by the opera- 
tion of trade agreements, few of which are drafted 
with any regard to their effect upon other industries 
and occupations. Some such reductions of hours 
may be achieved without any serious fall in the 
output of the operatives concerned, but modern 
industry is so interwoven that the effect of this 
reduction in employment—for that is what it is, in 
reality—cannot be thus restricted. Concurrently, 
the host of Government officials grows, and the time 
spent in form-filling and similar “paper work ” 
increases. The nation is told that there is a shortage 
of man-power, but that is not even a half-truth. 
There is no shortage of man-power ; the real trouble 
is a shortage, almost wholly artificial, of productive 
work-hours. 

On top of all this, in a country still handicapped 
by the effects of the most destructive war in history, 
there are to be launched a succession of colossal 
experiments in the nationalisation of transport, gas 
and electricity supply, and other essentials of modern 
life; schemes which undoubtedly have merits— 
every such scheme has some merit, or it would be 
laughed incontinently out of court—but are cer- 
tainly not the kind of problem that should be 
engaging the attention of a debtor nation which 
has just emerged from a world war. Moreover, there 
are commitments arising from the programme of 
what may be categorically described as “ social 
security,” the desirability of which is not in doubt, 
though the immediate financial practicability, 
added to all the other financial burdens that are in 
tie offing, is certainly open to question. Incident- 
ally, it may be observed that, presumably, the 
income tax hitherto paid by the industries to be 
nationalised will cease to accrue to the Exchequer 
—at least, in that form—but, since the national 
expenditure is not likely to shrink as a result of these 
changes in the organisation of the country’s economy, 
the money must still be found. The taxpayer may, 
perhaps, secure some slight countervailing advantage 
from the fact that, when the railway staffs become 
Government servants, it will be illegal to tip a 
porter ; but he would be wise not to count too much 
on that. 

It is not to be expected that the ill effects of these 
cumulative economic burdens will become evident 
almost instantaneously or at a uniform rate. To 
some extent, they are likely to be masked by the 
domestic troubles of other countries, which may 
prevent or postpone the full force of competition in 
export markets; and their development may be 
retarded by improvements in productive technique 
and by new inventions—that has been the role of 
engineers since the days of Thomas Newcomen. 
The ultimate result, however, is inevitable unless 
the nation as a whole realises the danger and deter- 
mines, with a unanimity of which there has been 
little evidence thus far, not merely to remove every 
possible obstacle in the way of those who want to 
work, but to reduce, instead of increasing, the 
burden of the completely unproductive officialdom 
which now competes so seriously with industry for 
the services of those seeking employment. The 
complacent assumption that the troubles which 
beset so many other countries “‘ can’t happen here ”” 
simply will not stand critical examination, 
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DISTRICT HEATING. 


Furt stringencies in recent years have focused 
attention on every aspect of heat production and 
utilisation. In normal times, half of the total inland 
coal consumption of the British Isles is on account 
of heating services in buildings ; but British domestic 
heating practice is notoriously inefficient, and, 
despite a lavish expenditure of coal, the heating of 
the ai house leaves much to be desired. 
Hence the possibilities of district heating are attract- 
ing an increasing interest, the current extent of 
which was evinced by the fact that the session of 
the recent “Fuel and the Future ” Conference, at 
which the subject was covered in seven short papers, 
attracted an audience of nearly 3,000. At the 
present time, district heating, as such, hardly 
exists in this country. One or two schemes have 
been tried, with success, but no serious 
attempt has been made to supply the heat require- 
ments of whole communities from central sources. 
District heating, however, is firmly established 
abroad, with its manifest advantages of smoke 
abatement, fuel economy, reduction in local trans- 
port, labour saving, and in the domestic field, the 
provision of heat and hot water on a scale which, in 
comparison with traditional British practice, may 
be described as generous; and all this is achieved 
at no greater cost to the consumer than he would 
incur in any case. 

The prospect is so attractive that it is satisfactory 
to know that at last the subject is receiving close 
and serious attention: a sub-committee of the 
Heating and Ventilating (Reconstruction) Commit- 
tee, under the chairmanship of Sir Alfred Egerton, 
F.R.S., have been engaged for some time in studying 
the application of district heating under the condi- 
tions obtaining in Great Britain. Mr. A. Stubbs, in 
the paper on “‘ District Heating as a Public Service,” 
which he presented at the Conference, gave some 
account of the sub-committee’s forthcoming report. 
It appears that a detailed investigation has been 
made of the heat requirements of a “ typical town ” 
of 250,000 inhabitants, the heat loads of the three 
main types of buildings being considered—indus- 
trial and commercial, community buildings (schools, 
hospitals, etc.), and housing—on the wise assump- 
tion that only 60 per cent. of the population will 
wish to avail themselves of the service. On this 
basis, it has been estimated, the characteristics 
of the thermal load represent a maximum heat 
demand in therms per hour, for the three classes of 
building, of 7,680, 2,440, and 6,180, respectively, 
the corresponding load factors being 20-3, 20-0 
and 43-7 per cent. The striking features of these 
figures is the importance of the housing load ; 
and, as Mr. Stubbs pointed out, whereas for an 
annual consumption per house of four tons of coal, 
the effective heat available at present would be 
330 therms, under district-heating conditions 575 
therms would be provided. District heating on the 
scale of a “typical town” may, of course, seem 
somewhat ambitious at the present time, but 
Professor W. G. Holford, in his paper on “ District 
Heating in Relation to Town and Country Plan- 
ning,” mentioned that the New Towns Committee 
had accepted the principle of district heating and 
had recommended that it should be applied in 
one of the first of the new towns: in any case, the 
sub-committee’s report should make available a 
wealth of basic data which will be of value in formu- 
lating schemes of any magnitude. 

Heat for the “typical town ” would be provided 
from a thermal-electric station, which would 
involve some changes in the technique of electricity 
generation, notably in the use of back pressure or 
pass-out turbines. Present power-station practice 
is, of course, directed towards the most efficient 
generation of electricity, which involves rejection 
of heat at temperatures much too low to make it 
suitable for further service. Mr. S. B. Donkin 
developed this theme in some detail in his paper on 
“Prospects of District Heating in the United 


Electricity Board must plan at least three years 
in advance of the growing demand, and that possibly 
the simplest line of development would be to erect 
special stations for heating service, generating elec- 
tricity as a by-product and selling all surplus 


current to the appropriate electricity authority. 
This is the method proposed for Wythenshawe, the 
new housing estate outside Manchester. Heat from 
a thermal-electric station would cost the consumer 
about 20 per cent. less than that generated at a 
“straight” heat station, but the question of the 
allocation of capital.and working costs between the 
two services from a combined heat-electric station 
may be complex. In the case of the “typical 
town,” the costs of heat have been taken as the 
difference between the estimated costs of the 
combined station and those of an ordinary electricity 
station sending out the same amount of electricity. 
The demands for heat and electricity would fluctuate 
both daily and seasonally and would rarely coincide, 
so that it would be necessary to provide some margin 
of plant capacity to deal with the peaks; but the 
bulk of the heating load could be met under con- 
ditions of combined operation. From the national 
aspect, the great advantage of thermal-electric 
practice would be the resultant saving in fuel: for 
the typical town, in the 60 per cent. development 
stage, it is estimated that the total annual coal 
co ion allocated to heating service would be 
145,000 tons, as compared with a consumption, 
with existing practice, of 277,000 tons. The 
average cost of heat to the consumer, at 1937 
prices, would be 4-62d. per therm. 

Mr. A. E. Margolis, who has contributed more 
than once to ENGINEERING on this subject, gave 
an interesting account of Continental practice. In 
Germany, district heating began at Hamburg in 
1921 and, by 1936, 28 plants were at work. Of 
these, 16 used steam, three used high-pressure and 
three low-pressure water, and the remaining six 
were combined steam and hot-water plants. In 
1936, the total heat sent out was 5-14 x 10" 
B.Th.U. In 1941, further district heating schemes 
for four towns were sanctioned, with a total capacity 
about six times greater than that of the pre-war 
plants. In Russia, district heating began in Lenin- 
grad in 1924 with two consumers only, but, by the 
beginning of 1939, 160 district-heating plants 
existed; the total capacity of thermal-electric 
plants was 1,747,000 kW and the total heat sent 
out in that year was 87-5 x 10% B.Th.U. The 
Five-Year Plan for the period 1938-42 provided for 
an increase of generating capacity of 7,000,000 kW, 
of which 5,000,000 kW would have been supplied 
by back-pressure or extraction sets. The thermal- 
electric capacity would then have been approxi- 
mately half of the total generating capacity. 

While thermal-electric practice has thus become 
general on the Continent, the trend in the United 
States is towards separate stations for electricity 
and heat generating; this is due largely to the 
different conditions obtaining in that country. 
District heating began in the United States towards 
the end of the Nineteenth Century as a development 
from power stations which, at that time, used 
exhaust steam engines. With the rapid growth of 
the electric power demand, however, the older 
stations were replaced by large condensing stations ; 
these, in general, were not suitably placed for heat 
supply to towns. It is interesting to note that, 
both in the United States and in Europe, steam 
for heat distribution is giving way to hot water. 
Mr. Donkin, in his paper, outlined some of the 
points in favour of hot-water distribution. It can 
be supplied directly to radiator systems in buildings 
without the use of calorifiers, and all heating 
systems can be arranged for forced circulation, thus 
reducing pipe sizes. A great advantage is that the 
temperature can be controlled at the power station 
in accordance with requirements, and that heat 
storage is possible in hot-water accumulators of 
large capacity. i 

Mr. Donkin gave some estimates of comparative 
costs and efficiencies of heat generation by various 
methods. For a scheme which he had 
the relative figures for the capital costs of thermal- 
electric, direct-heat and heat-pump installations, 
at the power station, were 59/., 1531. and 3001. per 
therm sent out, and the corresponding overall 
efficiencies were 83-9, 80-0 and 154-0 per cent. 
Dr. Donkin gave, in effect, what may be a glimpse 
into the future when he indicated how h i 
power (as the Severn barrage) might be utilised, in 





conjunction with heat pumps, electrode boilers, and 





heat-storage vessels, to supply hot water over a 
large area. 

For the present, however, the incidence of interest 
is on housing, and a joint memorandum, by the 
Ministry of Fuel and Power and the Ministry of 
Works, on “ District Heating as Applied to Small 
Housing Estates ’ was introduced at the Conference 
by Mr. A. C. Pallot. This memorandum, which 
should provide useful guidance to local authorities 

ible for housing schemes, examined the possi- 
bilities of supplying heat and hot water from 
“straight ” heating stations to housing schemes of 
different sizes. The capital and running costs were 
worked out in some detail, and for different condi- 
tions; for example, for hot-water circulation at 
maximum temperatures of 275 deg. F. and 200 deg. 
F., respectively. Some general conclusions from 
the memorandum were that the costs of district 
heating are likely to rise sharply for estates of less 
than about 300 houses, and also that district heating 
of housing estates can hardly be economic as long 
as the tenants are satisfied with pre-war standards, 
but that, as these standards are raised, the economic 
advantages become more marked. The memoran- 
dum stressed that every individual scheme for dis- 
trict heating must be prepared by experienced 
engineers collaborating closely with the architect 
and with the surveyor responsible for planning the 
estate. 

It was stated at the Conference that an inter- 
departmental committee had been set up to advise 
the Minister of Health on definite proposals for 
district heating submitted by local authorities. Two 
such schemes are those for Wythenshawe, previ- 
ously mentioned, and Urmston. The Wythenshawe 
scheme, described by Mr. R. Nicholas, the city 
surveyor of Manchester, covered the erection of 
about 12,000 houses, accommodating some 40,000 
people. Two thermal-electric stations would serve 
the estate, including communal and industrial 
premises as well as housing. The primary object 
of the scheme, it was stated, was heating, but, it 
was estimated that, after meeting the electrical 
needs of the estate, surplus energy amounting to 
75 million kWh per annum would be available for 
sale to the Manchester electricity department. An 
interesting feature of the scheme was that full 
electrostatic precipitation treatment of the flue gases 
was pI Heat supply to the houses would be 
at the rate of 761 therms per annum, as compared 
with an estimated consumption, in existing houses 
on the estate, of 278 therms. The average cost to 
the tenants would be 5s. ld. per week, representing 
a saving of ls. 10d. per week on present costs, and 
the annual fuel saving on the estate was estimated 
at 22,000 tons. 

The scheme for Urmston, described by Mr. E. L. 
Leeming, engineer and surveyor to the Urmston 
Urban District Council, covers a development of 
1,317 dwellings, with associated community build- 
ings, shops, etc., and is actually in progress. Heat 
will be supplied from a single “ straight” heating 
station. One of the difficulties encountered with 
any district heating scheme is that, while it is neces- 
sary to give the full service to houses as they are 
erected, it may not be economic, or even practicable, 
to provide the final heating station and equipment 
until a later stage of the development. At Urmston, 
a temporary boiler plant will be installed to serve 
the first 200 houses. The fact that, initially, there 
can be only a small return on capital outlay is of 
importance in district-heating economics: at 
Wythénshawe, for example, it is anticipated that 
there would be a loss during the first years of work- 
ing of 45,0007. to 50,0001. per annum, but that, with 
a building rate of 2,000 houses per annum, the 
scheme would rapidly become self-supporting. 

From a consideration of the papers as a whole, 
the conclusion emerges that district heating in this 
country is definitely entering the field of practical 
politics. The problem, outwardly so simple, in- 
volves intricacies of technics, economics, and 
administration which will be appreciated fully and 
resolved only when a number of schemes are in 

ion, but it is evident that every encourage- 
ment should be given to the promotors of pioneer 
schemes, who have at least the assurance that 
similar difficulties have been confronted and sur- 
mounted abroad. 
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NOTES. 


Tue Instrrution or Megcuanican ENGINEERS. 


An extra general meeting of the Institution of 
Mechanical Engineers was held on Friday, Decem- 
ber 20, at Storey’s-gate, St. James’s Park, London, 
8.W.1, for the reading and discussion of two papers 
on turbine reduction gears. The chair was occupied 
by the President, Mr. O. V. 8. Bulleid. The first 
paper, which was entitled “ Progress in Turbine 
Gear Manufacture in Recent Years,” was presented 
by Mr. A. Sykes, B.Sc. (Eng.), Wh.Ex. After a 
reference to early work on the geared turbine, Mr. 
Sykes drew attention to the stimulus that was 
given to the geared turbine for marine propulsion 
by the war of 1914-18, and indicated how the ter- 
mination of that war coincided with the commence- 
ment of a series of gear failures,particularlyin double- 
reduction gears for merchant ships. The investiga- 
tion which followed demonstrated that accuracy 
in gear cutting was the most important factor in 
preventing failures. Endeavours to increase accu- 
racy were handicapped, up to 1940, by a decrease in 
the demand for gears, but during the recent war the 
requirements of the Admiralty for lighter and 
quieter-running gears necessitated a more intensive 
study of the subject. Following the outbreak of 
war with Japan, the United States made marked 
progress in turbine gears, both in quality and 
quantity, and information was regularly inter- 
changed between the British and American naval 
authorities. Mr. Sykes then described modern tur- 
bine gear-cutting practice in detail, and weighed the 
respective merits of the creep and non-creep types 
of hobbing machine, emphasising the importance of 
accurate lead screws and profile-ground hobs for 
finishing teeth. The crossed-axis method of shaving 
surfaces, and experiments with carbide-tipped hobs, 
were also reviewed. The second paper, entitled 
‘The Measurement of Errors in Gears for Turbine 
Reduction Drives,” was read by Mr. C. Timms, 
M.Eng. It described the main features of the work 
carried out at the National Physical Laboratory 
during the past six years in the development of 
methods of measuring the errors in large gears with 
the aid of a series of portable instruments. The 
errors in turbine gears and the inaccuracies of gear- 
hobbing equipment were shown to be related, and 
the methods of determining machine inaccuracy was 
described. Data were provided to show that, by 
the adoption of the methods described improve- 
ments in the accuracy of the machines and of the 
cutting tools themselves had been effected. 


Execrric PowEer INTERRUPTIONS AND PLANT 
SHORTAGE. 


The reasons for the recent interruptions in the 
supply of electricity in this country, and the further 
steps which are being taken to ensure that these 
interruptions cause less inconvenience, were dealt 
with by the chairman of the Central Electricity 
Board (Mr. Harold Hobson) at a Press conference on 
Tuesday, December 17. He began by saying that 
the cuts were not due to fuel shortage, but to the 
fact that the generating capacity was insufficient 
to meet the peak loads between 8 a.m. and 12 noon, 
and 4 p.m. and 5.30 p.m. The reason for this 
insufficiency was that, in 1941, when the plant 
programme for 1945 and the following years was 
being prepared, the Government placed a complete 
embargo on power-station extensions on the grounds 
that it was vital that no labour or materials should 
be diverted from the manufacture of munitions. 
Although the ban had now been lifted, there was 
little hope of immediate improvement, since generat- 
ing plant which should have been available this 
year would not be ready as soon as had been ex- 
pected, owing to difficulties regarding labour and 
material. In fact, of the 900 MW that had been 
arranged for, only 200 MW had been obtained so far 
and not more than 450 MW would be available by 
February, 1947. Moreover, generating stations, 
which normally took three years to construct, were 
now occupying four or five years. The result was 
that while 6,000 MW of additional plant had been 
budgeted for up to 1950, there was no possibility of 
supply and demand being balanced before that date. 








In fact, the position during the next two winters 
might be even more difficult than it was at present, 
especially as the consumption was rising. 
regards the steps that were being taken to meet 
these conditions, Mr. Hobson said that the frequency 
was first reduced to 48 cycles per second as the load 
came on. It was not safe to go below that figure, 
and if the demand increased still further, it 
became necessary for the distributors to “ shed ” 
load in accordance with a pre-arranged plan. 
This was not done until the last minute, but it then 
had to be done very quickly, and no lengthy warning 
could be given. It was now being arranged, however, 
to give a further broadcast warning in the Light 
Programme shortly before 4 p.m., and possibly at 
other times, which could not be fixed, in addition 
to those already given at 7 a.m. and 8 a.m. He 
therefore asked industrialists to have someone 
listening for these w . He also reiterated 
previous requests that domestic users should reduce 
their demands by switching off unnecessary appa- 
ratus when the possibility of “‘ cuts” being made 
was announced. In reply to a question, he said 
that the system of cutting off whole areas at specific 
times, such as had been adopted in Paris, was 
unnecessary at present, but might have to be 
adopted if the fuel situation deteriorated. 


PULVERISED-CoaL Firinc ry Great Briraln. 

A joint meeting of the Institutions of Mechanical 
and Electrical i was held at Savoy-place, 
Victoria Embankment, London, W.C.2, on Thurs- 
day, December 19, when a paper on “‘ The Future 
of Pulverised-Coal Firing in Great Britain” was 
read by Mr. C. H. Sparks. During the preliminary 

ings, the chair was taken by the President 
of the Institution of Electrical Engineers (Mr. 
V. Z. de Ferranti). Subsequently, the President of 
the Institution of Mechanical Engineers (Mr. O. V. 8. 
Bulleid) presided. Presenting his paper, Mr. Sparks 
said that the success attained in the burning of 
semi-bituminous and bituminous fuels had estab- 
lished pulverised-fuel firing in dry-ash bottom 
furnaces as a preferred method of combustion in 
British power stations. There was, however, a 
tendency to divert a high proportion of the poorest 
quality coal to the new power stations, while the 
presence in increasing quantity of refuse in this 
coal and the variable quality of its ash meant that 
the boiler units must be moderately rated in order 
that satisfactory availability might be maintained. 
Combustion rates must also be controlled to avoid 
slagging and bird-nesting; and this involved the 
provision of comparatively large furnaces for the 
duty. For boiler units with an output much in 
excess of 400,000 lb. per hour, a strong case could 
be made out for the use of specially selected fuel, or, 
alternatively, liquid ash removal might be employed. 
In either case, the fine dust from the arresters must 
be disposed of and this was often both difficult and 
expensive. With a view to solving this serious 
problem, as well as offsetting the disadvantages of 
variable ash characteristics, a furnace, known as 
the Cyclone, had been evolved in the United States. 
The object sought in this furnace was to reduce 
the whole of the ash to the fluid state, so that it 
might be tapped and quenched to the solid state 
for disposal. The necessity for cleaning the boiler 
surfaces externally or providing means of protection 
for induced-draught fans was thereby obviated and 
incidentally all fly-ash and carbon losses were 
eliminated. The results were so encouraging, when 
highly volatile low-ash fusion coal was burned, that 
a special boiler had been built and run since 1944 
at the Calumet station of the Commonwealth 
Edison Company. This boiler, which was fired by 
a Cyclone 8 ft. long and 8 ft. in diameter, was only 
9 ft. wide between the walls and had a normal 
evaporation of 150,000 lb. per hour. In operation, 
it had been free from trouble and occasional lancing 
of slag whiskers or coke in the cyclone, and soot- 
blowing of the closely spaced superheater elements, 
were all the maintenance that had been required. 
Overhead firing with moving grates had also been 
developed in the United States for use on boiler 
units of suitable size for power station work. As 
some considerable increase in the output of dust 
fuel appeared probable as the result of increased 
mechanisation in the mines, pulverised-coal fired 
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Prize FOR IMPROVING ACCOMMODATION FOR 
Surps’ CrEws. 

In recent years increasing consideration has 
been given deservedly to the improvement of the 
standard of crews’ accommodation in merchant 
ships, and the bearing of this on the efficiency of 
the ships was emphasised during the reading and 
discussion of a paper presented before the Institution 
of Naval Architects in 1945, by Mr. E. H. Watts, 
chairman of Messrs. Watts, Watts and Company, 
Limited, shipowners, London, and also chairman 
of the Merchant Navy Comforts Service. It may 
also be recalled that early this year, as recorded in 
ENGINEERING, vol. 161, page 327 (1946), through 
the generosity of Messrs. Watts, Watts and Com- 
pany, the Council of the Institution of Naval 
Architects were able to announce particulars of 
an award, to be known as the Watts’ Prize, for 
proposals for improving crews’ accommodation in 
merchant ships. The Council have recently an- 
nounced that the competition attracted a good 
number of entries and some excellent proposals 
were put forward. They add that the standard 
of the papers indicates clearly that great interest has 
been taken in this particular subject. The Council, 
who have had the benefit of the assistance of repre- 
sentatives of the National Maritime Board in 
arriving at their decision, have awarded two prizes. 
A first prize of 501. has been won by Mr. J. E. 
Church, M.I.Mar.E., A.M.LN.A., of Whitechurch, 
Glamorgan, author of a paper entitled “‘ Improved 
Arrangements of Accommodation for Modern Cargo 
Vessels.”” A second prize of 251. has been awarded 
to Mr. E. Holmes, Extra Master, A.I.N.A., of Hull, 
for his paper “‘ Crews’ Accommodation in Merchant 
Ships.” The Council hope to make arrangements 
for the publication of the winning papers in the 
Transactions of the Institution. 


CENTENARY OF THE L.M.S.R. West Coast Rovure. 


A hundred years ago, on December 17, 1846, the 
West Coast railway route from London (Euston 
to Carlisle was first used for public traffic. The 
final link, between Oxenholme and Carlisle and 
over Shap Summit, 916 ft. above sea level, had 
been completed in time for a trial run on Decem- 
ber 11, and the opening ceremony was performed 
four days later. As recorded on page 303, anie,.the 
Lancaster-Oxenholme line had been opened three 
months before, but the remaining part of the route 
north to Carlisle was a more difficult project. 
Northbound trains climb from Hest Bank, which is 
north of Lancaster and virtually at sea-level, to 
Shap Summit in a distance of 35 miles, and south- 
bound trains climb from Carlisle at 75 ft. above 
sea-level to the summit in less than 32 miles. When 
it was completed, the route was the most heavily 
graded in England, the steepest part being the 
5} miles from Tebay, north to the summit, of which 
4 miles has a gradient of 1 in 75. The line was built 
under the Lancaster and Carlisle Railway Com- 
pany’s Act of June 6, 1844, by the company’s 
engineers, Messrs. Joseph Locke and J. E. Errington, 
but when it was first mooted there was speculation 
as to whether Shap Fell could be traversed without 
recourse to a tunnel. However, the engineers 
decided to lay the rail on the surface, and about 
9,600 labourers were employed on the preparation 
of the route. The works included the 
Birkland embankment, 4 miles north of Oxenholme, 
which required 150,000 cubic yards of earth; . Fid- 
dier’s Gill viaduct, 370 ft. in length, with six arches ; 
the Dillicar cutting, involving the excavation of 
70,000 cubic yards of blue rock ; the diversion of the 
bed of the River Lune, near Tebay; and two 
viaducts, the Lowther and Eamont, between Shap 
and Carlisle. The original plan was to build the 
Lancaster and Carlisle Railway as a single line, 
but this was altered to a double line when, in 1845, 
the Caledonian Railway Company obtained its Act 
of incorporation and the potential development of 
Anglo-Scottish traffic became apparent. The Cale- 
donian line northwards from Carlisle was not, 
however, completed in time for the opening of the 
Laneaster and Carlisle Railway. Temporary ar- 
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company to use the Carlisle (London Road) station 
of the Newcastle and Carlisle Railway, and passen- 
gers were conveyed to and from Glasgow by road 
coach. A short branch line was built from Upperby 
Junction to London Road station for the use of the 
Lancaster-Carlisle trains, and this line is still used 
for traffic between the L.M.S. and. L.N.E.R. Two 
months after the completion of the Lancaster- 
Carlisle track there were three through trains every 
weekday in each direction, the fastest time for the 
69 miles being 3 hours 25 minutes. To-day there 
are about 30 passenger trains a day in each direction, 
the fastest timing being 1 hour 19 minutes, at an 
average speed of 52-4 miles an hour, and the 
L.M.S. 4-6-2 passenger engines are scheduled to 
haul 500-ton trains over the summit unaided. The 
London and North Western Railway Company 
worked the traffic from the opening day. They 
obtained the lease of the Lancaster and Carlisle 
Railway in 1859, and 20 years later the two com- 
panies were amalgamated. 


New GENERATING Stations IN NortH-WEST 
ENGLAND. 

We are informed that the Central Electricity 
Board have received from the Electricity Commis- 
sioners a further amending scheme for North-West 
England and North Wales. This provides for four 
new generating stations, which will have an initial 
installed capacity of 132 MW and will be designated 
as selected stations. At present there are twenty- 
nine selected stations operating in the area under 
the existing schemes, which also make provision 
for the construction of three further new stations. 
In making representations to the Commissioners 
for the formulation of the present scheme, the 
Central Electricity Board pointed out that all the 
new selected stations specified in the earlier schemes 
have already been allocated and indicated that, as 
a result of a review of prospective plant requirements, 
they had come to the conclusion that it would be 
necessary to take steps to construct at least four 
other new stations. Of these, one is required in 
time to meet the estimated demand arising in East 
Lancashire in 1950, and the other to meet the 
growth in demand in other parts of the area. 

THe Dreset Exornze Users Association. 

On December 19, at the annual general meeting 
of the Diesel Engine Users Association, held at the 
Alliance Hall, London, S.W.1, Mr. C. Green was 
elected President for the second year in succession. 
Mr. Julian S. Tritton was re-elected as honorary 
secretary and Mr. F. A. Greene as honorary 
treasurer, while Major-General A. E. Davidson, 
C.B., D.S.O., and Mr. G. B. Fox were elected to the 
committee in place of the retiring members. Mr. 
J. Tomlinson and Mr. V. G. Young were elected 
honorary auditors. After the election of the 
officers and committee, Mr. C. Green, acting in his 
capacity as chairman of the Working Costs Sub- 
Committee, presented the usual “‘ Report on Heavy- 
Oil Engine Working Costs.” In introducing the 
discussion, Mr. A. K. Bruce, President of the Associa- 
tion for the year 1945, pointed out that it was 
perhaps not generally realised that the preparation 
of this unique report was entirely voluntarily and, 
in his opinion, contained information that could not 
be obtained anywhere else. In discussing the report 
in detail, Mr. Bruce said that some of the figures for 
eylinder-liner wear a to be high and he 
considered that more attention should be paid to 
the lubrication of cylinder-liner walls. The dis- 
cussion ranged over many points, but it was generally 
agreed that the value of the report would be enhanced 
if it included similar information on marine engines, 
particularly those fitted to harbour and river tugs. 
The question of using waste heat for space heating 
and domestic hot-water supplies also was raised, but 
the meeting appeared to be evenly divided as to 
whether or not this is an economical procedure, 
bearing in mind the intial capital outlay. In 
closing the discussion, the President agreed with the 
suggestion of including marine engines in future 
reports, and efforts would be made to obtain the 
necessary details. Nevertheless, the report could 
be improved if more members would submit 
returns. Criticism of the report is welcomed by 
the committee and in view of this, the discussion will 
be printed and circulated to members and a further 
discussion will be held during February. 





OBITUARY. 


MR. R. N. VYVYAN. 


WE regret to record the death of Mr. R. N. Vyvyan, 
a pioneer in the development of radiocommunica- 
tion, which occurred at Falmouth, on Saturday, 
December 14, at the age of seventy. 

Richard Norman Vyvyan, who came of a well- 
known Cornish family, was born in South Africa 
and was educated at Charterhouse. He received 
his theoretical training at Faraday House Electrical 
Engineering College from 1894 to 1896, and 
then for a time held positions on the power side of 
the industry. In March, 1900, however, he joined 
the technical staff of the Marconi Company and, 
after a short period at the Chelmsford works and 
the Dovercourt wireless station, was one of the party 
who selected the site of the station at Poldhu in 
Cornwall in preparation for the first experiments 
in transatlantic wireless transmission. Subsequently, 
he supervised the erection of the station itself; and 
on its completion went to the United States, where 
he built the companion station at Cape Cod. 

When the historic experiments across the Atlantic 
had been completed, Vyvyan, after a short visit 
to England, returned to Canada, where, as managing 
engineer for the Marconi Company, he built the 
wireless station at Glace Bay, which for some years 
formed the western end of the first regular trans- 
atlantic wireless link. He came back to this country 
from Canada in 1908 on appointment as super- 
intending engineer of the company, and imme- 
diately devoted his attention to the possibilities of 
establishing a chain of wireless stations throughout 
the Empire. In connection with this scheme, which 
soon became known as the Imperial Wireless Chain, 
he visited South Africa, and on his return to this 
country was engaged on the design of the stations 
and in the necessary negotiations with the Govern- 
ment. During this period, too, he was concerned 
with the organisation of the Marconi Company in 
Spain. As will be recalled, work was started on 
the stations of the Imperial Wireless Chain, but was 
postponed owing to the outbreak of war in 1914, 
and was not subsequently resumed. 

During the 1914-18 war, Vyvyan served for a 
time in the Royal Flying Corps and visited the 
United States with a British Mission. On the 
conclusion of hostilities, he worked with Marconi 
and Franklin on the development of the short-wave 
beam system of radio communication, which has 
since beenemployed extensively. In this connection, 
he was chiefly responsible for the engineering design 
of the stations. He was appointed engineer-in-chief 
of the Marconi Company in 1923 and in 1930 
became joint engineer-in-chief of Imperial and 
International Communications, Limited, subse- 
quently Cable and Wireless, Limited. He was 
appointed consulting engineer of the Marconi 
Company in 1932 and retired in 1936. 

He was the author of Wireless over Thirty Years, 
in which he vividly recounted the achievements of 
those engaged in developing radio-communication 
during the early years. 





ADMIRAL SIR HERBERT RICHMOND, 
K.C.B. 


It is with great regret that we record the death on 
December 15 of Admiral Sir Herbert William 
Richmond, K.C.B., Master of Downing College, 
Cambridge, since 1936, and a valued contributor 
to this journal. Sir Herbert, who was 75 years of 
age, had an international reputation as an expert on 
naval strategy, and it was as recently as November 8 
that we reviewed, on page 434, ante, his latest book, 
Statesmen and Sea Power. 

Sir Herbert Richmond was the son of Sir William 
Richmond, K.C.B., R.A., the distinguished artist 
and a former Slade Professor of Fine Art at the 
University of Oxford, and entered the Navy in 1885. 
As a junior officer, he showed early promise, and 
attained the rank of commander when still only 
32 years of age. Promotion to captain followed in 
1908, when he was appointed to command H.M.S. 
Dreadnought in succession to Captain (now Admiral 
Sir) Reginald H. Bacon. At the outbreak of war 





in 1914, he was serving on the Admiralty War Staff 
as Assistant Director of the Operations Division, 
and in the following year spent some time as liaison 
officer with the Italian Navy before returning to sea 
to command, in turn, H.M.S. Commonwealth and 
H.M.S. Conqueror. He came back to the Admiralty 
in 1918 as Director of the Training and Staff Duties 
Division; went to sea again in command of the 
battleship Erin; undertook the re-establishment 
of the Senior Officers’ War Course; and, in 1923, 
was appointed, as rear-admiral, tothe command of the 
East Indies Station. In 1926, he was made Com- 
mandant of the Imperial Defence College, in which 
position he was able to devote himself intensively 
to the study of sea power and naval strategy, in 
which he had been long interested. He was created 
K.C.B. in that year, promoted to the rank of 
Admiral three years later, and retired in 1931. 
Retirement, in his case, however, was only nominal, 
for he continued to study and expound the principles 
of sea warfare as actively as ever, producing a 
succession of books, pamphlets and articles; and, 
first as Vere Harmsworth Professor of Imperial 
and Naval History at Cambridge and then, from 
1936 onward, as Master of Downing College, applying 
himself vigorously to ensuring the widest possible 
appreciation of the subject which he regarded as 
absolutely vital to the continued security of Britain 
and the Empire. He edited several volumes for the 
Navy Records Society, but his most important work, 
undoubtedly, is in the books of which he was the 
author. His forthright style was well exemplified in 
the articles which he wrote for ENGINEERING on 
the progress of the naval side of the recent war, but 
even better in the pungent comments on the political 
side of naval strategy which pointed his more 
personal correspondence. Much that he wrote was, 
no doubt, “ caviare to the general,”’ though by no 
means lacking in the ingredients which make for 
popular appeal ; but it is safe to say that his books 
will be studied and quoted for many years to come 
by those whose business it is to learn the lessons of 
past naval strategy and to apply them to the develop- 
ments of the future, and it is even more certain 
that his personality will remain a vivid memory 
with all who came under its influence. 





MR. G. WUTHRICH. 


THE death of Mr. G. Wiithrich, which occurred 
in London on Monday, December 16, at the age of 
sixty-seven has been announced. 

Gottlieb Wiithrich was a Swiss citizen and was 
educated at the Kantonales Technikum in Burg- 
dorf, from which institution he obtained a diploma 
as electrical engineer in 1897. He then served as a 
pupil with the wéll-known engineering concern of 
Maschinenfabrik Oerlikon, becoming in 1898 assis- 
tant to the chief engineer, Dr. A. Behn-Eschenberg, 
with whom he worked on the design of single- and 
multi-phase alternating-current motors. After a 
short period in the test room of the firm he was 
appointed their special representative at official 
trials and also undertook the inspection of contract 
and erection work. In 1900, he was appointed chief 
of the technical department in the London office 
of the firm and five years later was placed in charge 
of the British, Irish and Colonial business. In 
1906, he was appointed general manager and chief 
engineer of Oerlikon, Limited, in London, a position 
he was still holding at the time of his death. 

Mr. Wiiithrich, who was well known to electrical 
engineers in this country as an expert in Continental 
practice, was elected an Associate Member of the 
Institution of Electrical Engineers in 1906 and 
was transferred to the class of Member in 1911. 





FORMATION OF ENGINEERING ADVISORY COUNCIL.— 
In reply to a question by Sir Robert Young in the House 
of Commons, on Monday, December 16, the Minister of 
Supply (the Rt. Hon. J. Wilmot, M.P.) said that he had 
decided to set up an Engineering Advisory Council to 
provide himself with a means of consultation with 
employers and workers on matters of general concern in 
the engineering field. Mechanical, electrical and radio 
engineering would be included, but not shipbuilding or 
vhe iron and steel industry. The Council would consist 
of equal numbers of trade union and employer members, 
with the Minister as chairman. 
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THE INSTITUTION OF 
MECHANICAL ENGINEERS. 


Ar an extra general meeting of the Institution of 
Mechanical Engineers, held in London on Friday, 
December 6, with Dr. H. 8. Gough, F.R.S., vice- 
president in the chair, a paper on “ Free-Piston 
Compressor-Engines ” was presented by Mr. H. O. 
Farmer, M.C., B.Sc. An outline of the main points 
of the paper was given on page 567, ante, and we 
give below an abridged report of the discussion. 

Mr. H. Desmond Carter, who opened the discus- 
sion, said that the case for the free-piston Diesel 
compressor rested upon its simplicity. The unit 
described, which included a two-cycle Diesel engine 
with port control of the air and exhaust discharge 
processes, had the merit of eliminating rotating 
crankshafts, and he felt that the free-piston com- 
pressor unit showed to quite appreciable advantage 
as compared with a conventional multi-cylinder 
vertical Diesel engine direct-coupled to a multi- 
cylinder vertical crankshaft-type compressor. There 
were, naturally, certain disadvantages ; for instance, 
connecting rods and cranks were there, though 
labelled “ links,” and also crankshafts were present 
in the free-piston units, one on each side, oscillating 
instead of rotating. There were four crankpins 
and four connecting rods, and the connecting rods, 
in proportion to the Diesel piston, appeared to be 
very similar to those which would be used in a 
crankshaft engine. The free-piston compressor had 
the limitation that it could operate only, say, 
between 75 lb. and 100 lb. per square inch delivery 
pressure, and if the delivery pressure, or the pressure 
in the air bottle at all events, dropped below that, 
various auxiliary devices had to be brought into 
operation, such as pressure-retaining valves, and 
blocking-pistons, automatically controlled from the 
governor, to close the delivery valves. 

There was, of course, an alternative, namely a 
horizontal Diesel engine with the Diesel cylinders 
on one side and vis-d-vis air-compressor cylinders 
on the other, operated from the same crankshaft ; 
a simple piece of equipment, which raised the 
question whether the free-piston compressor had 
any advantage over that type of layout. He had 
seen one of the Junkers compressors in operation 
before the war, and was impressed by its excellent 
balance. Apparently, the author’s design differed 
from the Junkers in that it was capable of giving a 
variable output of compressed air, which did 
permit continuous operation of the free-piston 
compressor. 

He had been surprised by the author’s statement 
that he would not reply to any remarks on gas 
generators. He was in favour of gas generators of 
some type, because the piston type of gas generator, 
associated with a turbine in series, absorbed the 
high-temperature part of the cycle in the piston unit 
with great efficiency, and the turbine dealt efficiently 
with large volumes of lower-temperature gas, so 
that the overall efficiency was high. The disadvan- 
tages of the free-piston gas generator were, first 
that it was bulky. Secondly, it operated at a con- 
stant speed, determined by the reciprocating weight 
of the moving parts. That was a disadvantage, 
because on variable load it became unstable and 
so required fairly elaborate control gear. Again, 
theoretically, if there were, say, six free-piston gas 
generators, they might all exhaust simultaneously ; 
so it was necessary to have a gas collector, with 
consequent loss in kinetic energy in the gas, some 
of which, however, reappeared as heat. In his 
remarks, he had tended to concentrate on contro- 
versial matters. His firm had built what were, 
he believed, the first free-piston gas generators in 
this country to the author’s design, and while, 
personally, he had some doubts about certain aspects 
of the free-piston generators, he had none about the 
resource and skill of the author as a designer and 
engineer. 

Mr. W. A. Tookey said that his first introduction 
to the Pescara free-piston compressor was in 1932, 
when he tested one of the earlier designs, in a 
printing works in Paris. As Mr. Desmond Carter 
had mentioned, there was no vibration at all when 
it was working ; but it was very noisy. He believed 
that, soon after his visit, the invention was taken 





up by a British firm and developed to some extent, 
but they went back to the crankshaft-driven com- 
pressor. Later, the author took it up, with the 
result shown in the present paper. In 1932, there 
was a scheme to have a battery of similar units 
which would aggregate to the largest output then 
contemplated for new generating plants to supply 
the Grid. Personally, he would not like to be 
in charge of a battery of that sort. He thought that, 
mechanically, the author had improved on the 1932 
design. The engine started as soon as the spring 
was released, but when they wanted to re-start it 
the spring had to be re-compressed, which could be 
done only by using a winch motion ; it took several 
minutes before the spring was in a position where 
the engine could be started. The author did not 
disclose the cylinder capacity of the engine of which 
diagrams were given. He mentioned the bore, 
4-73 in., and the running speed—which, apparently, 
could not be adjusted very easily. From the 
illustration, he would imagine that the combined 
stroke of the two pistons would be about 14} in. 
The author dealt with indicator diagrams and the 
rate of consumption per indicated horse-power hour 
and gave some very interesting figures, from which 
he computed that the mixture strength would be 
only about 28 B.Th.U. per cubic foot of total cylin- 
der volume. The ratio, therefore, between the 
indicated mean pressure and the mixture strength 
was the very good figure of 2-78. That was only 
to be obtained with mean pressures of that order 
and mixture strengths of that weakness ; to increase 
the output, one would increase the rate of fuel con- 
sumption, and then one would not get the thermal 
efficiency of 49-1 per cent. 

Brigadier F. N. McLennan remarked that, from a 
Service point of view, a combined engine-compressor 
of the kind in question had considerable attractions ; 
if a light alloy were used for the main casting, it 
could be made very light indeed as compared with 
the conventional engine and compressor; and the 
number and variety of the spare parts to be carried 
in the field would be considerably less than with any 
ordinary combination of engine and compressor, 
which was a considerable advantage. The Service 
had experience of two 100-cub. ft. machines for a 
short time. There had been a certain amount of 
mechanical trouble in the link mechanism, and 
with excessive oil coming through with the com- 
pressed air. The machine worked in one stage, 
whereas the ordinary compressor worked in two, 
which might explain a certain amount of trouble 
with delivery valves ; they were working at a much 
higher temperature than with the two-stage com- 
pressor. He had seen one of their two machines 
stripped down, and the experience seemed to 
accentuate the need for very careful alignment 
of the engine and compressor and the cushion 
cylinders linked with them. Another consideration 
which weighed with the Army was the ability of 
a prime mover to. start at very low temperatures 
as well as at very high temperatures. So far, they 
had not had the cold-starting performance with the 
Pescara compressor that they hoped they would get 
with Service compressors for the future. They 
got more or less the same piston speed in starting as 
in running, and therefore it was strange that the 
cold-starting performance was not as good as they 
had hoped. However, the troubles mentioned did 
not remove the impression that the Pescara com- 
pressor was a good machine. 

Mr. F. M. Birks, O.B.E., asked why the machine 
was called a “ free-piston ” compressor ; the piston 
did not appear to be any more free than on the 
original steam engines. The real interest of the 
paper, he thought, was that it described a direct- 
acting machine which was much lighter than any 
other type which he had seen. The fuel consump- 
tion appeared to be what one would expect with 
a Diesel engine on such a load; but he regretted 
that the paper did not give the equivalent consump- 
tions of fuel against another machine giving exactly 
the same output of air under the usual British stan- 
dard test arrangements. He would not expect it to 
compete with some of the large rotative machines, 
but it could have a wide range. 

Mr. E. Marsland quoted the author’s statement 
that the maximum combustion pressures were 
limited to 1,000 Ib. per square inch to avoid undue 





loading of the piston rings, but thought it possible 
that, if the maximum pressure had been increased, 
the conditions for successful operation of the top 
ring of the exhaust piston might have been improved. 
When limiting the maximum pressure, was the 
author concerned with the possibility of excessive 
ring wear at the high gas loading? Also, what 
amount of ring wear might be expected? It 
seemed possible that the ring wear might be very 
high, as the piston speeds in the early part of the 
power stroke were much greater than in the normal 
crankshaft engine. The author had said that these 
compressors, having no bearings to damage, could 
be operated with high combustion pressures ; but 
did not the difficulties of designing a liner with 
injector holes in the highly-stressed portion limit 
the permissible cylinder pressures ? 

Mr. H. S. Broom, M.B.E., B.Sc. (Eng.), said that 
his company had worked for a long time, ten or 
eleven years ago, under Pescara licences, and had 
built and tested one machine that had many of 
the troubles which the author encountered, parti- 
cularly piston-ring trouble. The cylinder wear 
was not so heavy as the piston wear. They came to 
the conclusion that the machine had to be made 
nearly as heavy as a standard unit to give the same 
performance. He asked the author to give some 
comparative weights of a Pescara machine and the 
conventional type. 

One of the technical disadvantages of the design 
shown was that it had concentric valves, which 
prejudiced the cooling of the delivered air. In 
certain cases, hot air did not matter, but usually it 
did. A point which might influence the weight 
of the complete unit was the low volumetric effi- 
ciency and comparatively low speeds. To-day, speeds 
of 1,200 or 1,500 r.p.m. on a unit delivering 100 
cub. ft. per minute were not unusual. Very approxi- 
mately, the weight of a Diesel engine and compressor 
of the normal type, delivering 110 cub. ft. per 
minute, would be about 25 cwt.; could the author 
give a figure to be compared with that? With a 
petrol engine or a lighter Diesel engine, the weight 
would be about 15 cwt. for a free air delivery of 
110 cub. ft. per minute. 

A figure of 0-7 h.p. for the fan and pump seemed 
to be low. The conventional method of governing 
the type of unit used for portable sets was to cut 
out the compressor, either by closing or opening a 
suction valve, or by-passing air and slowing down 
the engine so that the actual engine fuel consumption 
when the compressor was not pumping was very 
low indeed. Whether the Pescara type would 
have as low a fuel consumption when running on 
no load he rather doubted, because the speed would 
remain almost constant and there was still the 
work to be done on the cushion cylinder and a 
certain amount of scavenging, etc., which continued 
at more or less the full rate. The conventional 
compressor would slow right down. Could the 
type of engine-compressor described be used advan- 
tageously in place of a conventional machine driven 
by electric power, or was it simply a machine to 
be used by contractors or by the Services, or in 
situations where electric power was not available ? 

Mr. B. Wood, M.A., said that his primary interest 
in the machine was as an alternative to the straight 
gas-turbine, which, in its early days, suffered from 
two great disabilities: first, it could not utilise a 
high enough temperature, and, secondly, the com- 
pressor was inefficient. With centrifugal com- 
pressors, more than about 75 per cent. was out of 
the question. Much thought was therefore given to 
the idea of employing a piston machine in conjunc- 
tion with the gas turbine, whereby the process of 
compression was done by a piston, and, by burning 
the charge in a cylinder, high temperatures could 
be faced. In the end, however, the straight gas 
turbine made such rapid strides that the field for 
the combined machine described in the paper must 
now, he thought, be rather narrowed. He would 
have liked to ask the author what applications he 
had in mind, and what were the applications of the 
units which had been produced. One application, 
spoken of in France recently, sounded rather alarm- 
ing ; it was called the “equi-pressure ” boiler, the 
theory being that a boiler should be fired with the 
same pressure in the combustion chamber as in the 
water space, so that there would be no pressure 
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stress across the boiler itself. There was talk of | There could be three stages; and the Junkers was 
going to 1,500 Ib. per square inch. He had seen | a four-stage compressor. He was interested to learn 


a unit tested before the war in France, and had 
talked to Professor Eichelberg, who had done 
much work on the subject. The unit was only a 
single-cylinder machine, but it seemed very promis- 
ing indeed. The noise was certainly not alarming, 
but as the primary intention was to use it as a 
gas generator, the problem of the variable stroke 
was rather difficult. On the question of applica- 
tions, there was a possibility, of course, in the 
locomotive, which was not a good application for the 
gas turbine, because of the physical limitations of 
space and weight. Gas turbines with a number 
of cylinders, possibly two-stage combustion, and 
a good size of generator were capable of, perhaps, 
24 per cent. efficiency and outputs of, say, 27 MW. 
In the much smaller space in a locomotive, a 
2,500-h.p. machine might give a 19 per cent. effici- 
ency with a temperature of 1,100 deg. F., 21 per 
cent. with 1,200 deg. F., and perhaps 24 per cent. at, 
say, 1,300 deg. F.; thus the combination of free- 
piston engine and gas turbine or an ordinary recipro- 
cating cyclinder was attractive, in that the efficiency 
might be something like doubled. 

With regard to the buffer cylinder, did this heat 
up merely by mechanical friction, or was there 
anything analogous to hysteresis in the air? In car 
engines, he always found a great deal of wear on 
one side, which he attributed to the angularity 
of the connecting rod at the moment of firing. 
Since, in the, free-piston engine, the connecting rod 
was not restraining but only balancing two motions, 
and therefore did not impose any side thrust, he 
would expect the cylinder wear to be greatly dimi- 
nished. When he started to go into the matter 
just before the war, he was faced with the difficulty 
of synchronising multiple units, and he wondered 
whether the future of such a machine would not lie 
in some sort of swashplate design. 

Mr. F. W. Pratt said that, when he was interested 
in the Pescara engine, 12 or 14 years ago, it was a 
failure. In those days, the cylinder liner had to be 
made of a special nitrided steel, and he asked whether 
the cylinder liner could now be made of ordinary 
cast iron; cast iron had been tried about 12 years 
ago, but failed almost at once. Trouble was also 
experienced with the burning of aluminium pistons, 
and with the piston rings. The author had success- 
fully diagnosed what happened in the cylinders, but 
in the early days, that was not done ; the people who 
attempted to develop the engine were only used to 
the production of ordinary compressors, and they 
had no experience from Pescara to help them. 
The author’s machine would run for 1,000 hours, 
and perhaps for 5,000 hours; I2 years ago the 
longest period of ing of the compressors was 
about 100 hours, and then they were completely 
stripped down. His experience of the performance 
of the Pescara machine as a compressor, as distinct 
from its lasting or running qualities, was very good ; 
and so was the fuel consumption. 

Mr. E. B. Lloyd, referring to the point that the 
author’s design seemed to include two trunnions 
instead of a continuous shaft, asked whether 
troubles had been experienced with them, and what 
kind of bearings were used. Needle-roller bearings 
would appear to be ideal for an oscillating shaft. 
Was it possible that future developments would 
include a two-stage compressor? He thought that 
the type might have applications in mining. 

Mr. H. O. Farmer, replying to the discussion, 
dealt first with Brigadier McLennan’s remarks with 
reference to troubles experienced with the engines ; 
this was a valuable contribution to a discussion, 
because such matters ought to be ventilated. The 
speed of the compressor was not subject to much 
limitation. The pistons on the compressor described 
were made of cast iron. If they were of aluminium, 
it would be possible to run at much higher speeds, 
but the design was intended to be a commercial 
type and therefore they concentrated on reliability. 
The factor limiting speed was principally the air 
valves. As the machine described was a single- 
stage compressor, the air delivery temperature would 
be higher than on orthodox two-stage compressors ; 
but there was no objection to making the machine 
a two-stage compressor, and the larger unit which 
he had illustrated was a two-stage compressor. 





that the figure for the power required to drive the 
fan and water pump was considered to be low; 
he had regarded it as rather high, but would expect 
such a figure for an engine of the type in question | ;, 
to be rather lower than for the orthodox engine 
and compressor, because there was a smaller heat 
extraction loss. Mr. Desmond Carter referred to 
17 per cent. of the heat in the fuel being taken out 
as heat losses. Such figures needed qualification ; 
in this particular unit there was a combustion 
cylinder, a compressor cylinder and a cushion 
cylinder, all joined together, and the same system 
of water went through them all to the same radiator. 
He had tried to sort out the heat losses from the 
different units, but it was not easy, because when 
they were all joined together the outlet temperature 
in each case was the same. If one ran the three on 
separate circuits, the conditions were different from 
those on a normal engine. 

The troubles experienced with engines in the old 
days were largely due to combustion. He saw no 
limit to the number of hours which they would 
run to-day, but on the old engine as developed on 
the Continent the combustion was not good. The 
combustion on the units running in England was 
as good as anything that could be found in compres- 
sion-ignition engines in this country; the exhaust 
was completely invisible. Regarding cylinder wear, 
it was said that, in many cases, the maximum 
wear in the cylinder of a compression-ignition engine 
took place on a diameter parallel to the crankshaft. 
The question of wear in the cylinder of the free- 
piston engine should be of considerable interest 
to those concerned with compression-ignition engines, 
because the piston did not tilt at the ends of its 
stroke. Mr. Carter raised the question of the 
movement of the rings in the grooves, and the effect 
ofthat movement. That was a subject which should 
be taken up by research organisations, because it 
involved the factors of variable stroke, the different 
movement of the piston ring in its groove, and the 
absence of side thrust on the cylinder walls. He 
could not say what was the relative effect of each 
one of those items. 

There had been troubles with the mechanical 
parts, but they had been overcome. Reference 
had been made to the fitting of needle-roller bearings. 
The experience on reciprocating shafts was com- 
paratively limited, and it was necessary to learn 
more about it. In the early days of the develop- 
ment of the Pescara engine, the French used ball 
bearings and ordinary roller bearings on the ends 
of the link mechanisms. A ball or roller bearing 
worked satisfactorily when it was rolling, but if 
one suddenly accelerated it and made it change its 
direction of rotation, sliding came in. It was for 


that reason, he thought, that ball and roller bearings | P® 


were afterwards abandoned for the link mechanisms. 
In some cases, needle-roller bearings were used, and 
with more success, but that was a point on which 
they had rot much experience. Mr. Tookey raised 
an interesting point in referring to starting. It 
should have been stated in the paper that to start 
the engine needed 22 turns of the handle. He could 
not deal with the question of the gas generator ; 
it was too big a subject. 

On the motion of the chairman, a vote of thanks 
to the author was proposed, and carried by accla- 
mation. 





NORTHAMPTON POLYTECHNIC, LONDON.—To mark che 
fiftieth anniversay of the opening of the Northampton 
Polytechnic, St. John-street, London, E.C.1, visitors 
were admitted to an “‘ open day ” in the afternoon and 
evening of Friday, December 13. The workshops and 
laboratories in the various technical departments, both 
in the older premises and in the Connaught Building, 
opened in 1932, on the other side of St. John-street, were 
open for inspection and many scientific experiments and 
demonstrations were shown, while examples of students 
work were on view. Among the operations demon- 
strated were screw cutting, helical milling, scroll turning, 
electric-cable jointing, mechanica] testing, instrument 
making and are and oxy-acetylene welding and cutting. 
In the aeronautics laboratory, open-jet and N.P.L.-type 
wind tunnels were shown in operation, while various 
experimental demonstrations were given in the electrical 
engineering, physics, optical, heat-engines and hydraulics, 
automobile, chemistry and metallurgy laboratories. 
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NOTES FROM SOUTH AMERICA. 


Negotiations continue in Buenos Aires between 
the Argentine Government and the British Mission 
regarding the institution of a “‘ mixed” company for 
the a of taking over the British-owned railways 

rgentina in accordance with the agreement Of 
September 17 last. There are few countries in the 
world enjoying such prosperity as Argentina, which has 
large funds to spend and is clamouring for British goods. 
There is at present a great shortage of capital goods 
in Argentina, especially machinery and vehicles, and 
for some years to come there will doubtless be a large 
market for aircraft, locomotives and rolling stock, 
tramcars, motor-cars and vehicles, ships, oil-drilling 
machinery and spare parts. It is to the manufacturers 
of these items that Britain must mainly look to assist 
the textile, hardware, chemical, paper and other 
industries in rebuilding export trade with Argentina. 
It has been stated officially that Argentina needs 
imported materials for industry and transport alone 
to the value of about 60,000,000/. annually during the 
first five post-war years. Important aircraft and ship- 
building orders continue to be placed in Britain. 
The Argentine National Department of Navigation 
and Ports recently announced that they had placed 
orders for dredging materials with William Simons and 
Company, Limited, of Renfrew, and Fleming and 
Ferguson, Limited, of Paisley. The first-pamed firm 
will build a self-propelled Diesel-electric, twin-screw 
suction dredger, with a capacity of 2,000 cub. m. of 
dredged material. All the machinery will be electri- 
cally driven, the power being supplied by Diesel-driven 
generators constructed by the English Electric Company, 
Limited. The cost, including spare parts, amounts to 
909,3541. It is stated that three other dredgers have 
been ordered, one from William Simons and Company, 
and the others, of the same design, from Fleming and 
Ferguson, Limited, at a total cost, including spares, of 
1,997, 9851. 

A significant development in Argentina is that direct 
export and import business is being increasingly 
monopolised by the Government agency called the 
Institute Argentino de Promocijn del Intercambio 
(Argentine Institute for Promoting Trade), which is 
naturally giving rise to much concern in private 
trading quarters; for instance, the Institute was the 
medium for the recent purchase by the Argentine 
Government of 15,000 motor lorries, which are already 
beginning to arrive in Argentina to help in moving 
the current crops and will later be used in the execution 
of the National Five-Year Plan, of which certain details 
were given in Enarnggrtna of November 15, on page 
460. The Institute also intervened in the recent 
purchase by the Buenos Aires City Transport Corpora- 
tion, in the United Kingdom and the United States, 
of 130 trolley-’buses—the first in Buenos Aires—500 
omnibuses, and 300 chassis for “ micro-omnibuses ” 
(colectivos). It is also to be noted that, on November 29, 
the Central Bank of Argentina introduced a system 
whereby prior import permits for certain goods must 
be obtained before ordering abroad. A number of 
articles are subject to quotas granted to the Instituto 
Argentino de Promocién del Intercambio, who may 
import either themselves or through registered im- 
rters. The importation of certain types of machinery 
is subject to permits, but no quotas. Permits are 
unnecessary for already shipped, and will be 
granted for all goods not yet shipped, provided that 
importers apply for permits by December 7, and prove 
that the were ordered before November 29, 1946. 

Meanwhile, — is entering into reciprocal 
agreements with European countries that can 
supply urgently- machinery and other capital 

- Denmark has been offered a loan of a 

50 million pesos conditional upon ar exchange of 
foodstuffs for Danish machinery and farming imple- 
ments. Similarly, Argentina is granting large credits to 
Spain, covering ex of foodstuffs in exchange for 
iron and steel , etc. The Argentine Chamber of 
Deputies have approved the Bill for the appropriation 
of 30 million for the extension of the State-owned 
Argentine North-Central Railway from Tin 
(Catamarca Province) to link with the Chilean State 
Railways on the frontier. Reports from Prague indi- 
cate that the Skoda armament and engineering works 
at Pilsen, now nationalised, will erect in Buenos Aires 
the world’s largest alcohol distillery, with a daily 
production of 250 tons. Building is expected to take 
two years. It is stated that Skoda met strong com- 
petition from the United States, Sweden ard Switzer- 
land. 

A certain amount of textile machinery is made in 
Argentina, but the cost is generally about double that 
of the equivalent imported machinery ; as, however, 
foreign manufacturers of such machinery cannot promise 
delivery before two or three years, it pays the Argentine 
textile ind to aceept the extra cost while the 
present boom There are said to be at present 
some 500,000 cotton-spinning spindles in operation in 
Argentina. Recent purchases of new machinery do not 
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exceed 200,000 spindles, To cope with the full demand 
of the Argentine textile ot, a further 400,000 
imported spindles would be needed, making a gran 
total of 1,100,000 cotton-spinning spindles, which 
represents Argentina’s full capacity to use in this class 
of machinery. Spinning machinery is coming into 
Argentina mainly from the United Kingdom, but also 
from Switzerland and the United States ;. some of it 
is second-hand. As it is not possible at present for 
Argentina to obtain looms from customary sources, 
some looms have been coming from Italy. Automatic 
looms are used mostly in Argentina. 

Owing to the vast areas and distances involved in 
Brazil, deficient transport forms the main problem 
there. A warm welcome will be extended to the Sesuidl 
Brazilian Purchasing Mission which is expected in 
London shortly to discuss the utilisation of the sterling 
balance in the Brazilian special account for purchases 
of transport and industrial equipment and for any 
other purposes which may be agreed upon. Already 
an increased volume of orders for transport material 
has come to Britain during the past year. Arising out 
of the London talks, a Civil Aviation Convention has 
since been negotiated with the Brazilian Government 
by a British Mission which visited Rio de Janeiro. 
Meanwhile, the coal strike in the United States has 
adversely affected Brazilian iron and steel production, 
which depends mainly upon supplies of North American 
coal. Moreover, the accumulation of domestic and 
European orders for American railway wagons and 
passenger cars is likely to affect deliveries of such 
material to South America, and the conclusion drawn is 
that Brazil will have to rely for the time being largely 
upon domestic supplies. The three national concerns 
for constructing wagons, which were set up during the 
war, have managed to deliver a total of 2,500 wagons to 
Brazilian railways during the past 18 months. These 
works depend mainly - United States supplies of 
axles and structural steel, but it is hoped to treble their 
production when supplies of steel from the Volta Re- 
donda plant become available. Looking a few years 
ahead, when intense competition recurs from the older 
manufacturing countries, the new heavy industries 
which are being set up in South America (notably the 
steel plants in Brazil, Chile and Peru) will face knotty 
problems of finance, labour, ete.; in fact, it has yet 
to be seen whether the establishment of heavy indus- 
tries in the agricultural countries of South America 
will be economically sound. As a case in point, opera- 
tions at the Government-owned Brazilian National 
Motor Factory have been suspended temporarily, and, 
in consequence, delivery of 1,000 tractors ordered by the 
Ministry of Agriculture cannot be effected. According 


to official statements, the factory had been converted | in 


to the manufacture of tractors because the local market 
for aircraft motors was not large enough to justify 
its tion solely for the production of those engines. 
F ore, it is understood that the type of aircraft 
engine—the Wright ‘“ Whirlwind ’—for which the 
Brazilian Government had acquired the patent before 
the war, is now obsolete and that, failing the acquisition 
of other patents, the factory lacked the technicians 
necessary to design a new type of engine. The Director 
of the National Motor Factory announced recently 
that the Government's original had been to make 
the works serve as a basis for the future development 
of mechanical industries in Brazil. With regard to a 
more recent project for establishing a large-scale 
electrical-material industry in Brazil, a Government 
an has stated that this would involve an 

outlay of 3,000,000/., and has expressed the opinion that 
this amount could be raised within the country when 
money market conditions return to normal. On the 
other hand, it was added, the Brazilian Government 
were not interested in foreign capital participating 
im the projected new industry and, since the Govern- 
ment were effecting economies in public expenditure 
and, therefore, could not provide the capital required, 
the matter continued at a deadlock for the time being. 
Among numerous projected public works in Brazil, a 
recent decree authorised the National Petroleum Council 
to set up a limited liability company to be styled 
‘“‘ Refinaria Nacional de Petroleo,” with a capital of 
600,0001., for the purpose of refining national petroleum. 
The Government of the State of Alagoas propose to 
spend about 300,000/. on water and drainage works, 
while it is pro to improve the water supply in the 
city of Recife, in the State of Pernambuco. Speaking 
recently on the development of commercial aviation in 
Brazil, the new Director of Air Routes in Brazil stressed 
the need for suitable airports and recommended that 
Brazilian engineers should be sent to the United States 
to be trained in airfield construction; also that the/| n 
Federal] Government should provide State or municipal 
authorities with the necessary mechanical building 
equipment. The Brazilian Federal Council of Engin- 
eering and Architecture have resolved that, in view of 
the shortage of technicians in Brazil, contracts for the 
employment of first-class and second-class foreign 
technicians may be submitted to Regional Councils of 
that body for authorisation. First-class technicians 


d | Brazil, and second-class 





are those who hold first-class diplomas in foreign tech- 
nical schools equivalent to t-elass diplomas in 
: technicians are those who hold 
we technical diplomas equivalent to a diploma in 
one of the specialised subjects of the second aad of 
industrial teaching of a technical school in Brazil. 

Italian industry has made a surprising recovery from 
the war, and "Ilias machinery, etc., is being increas- 
ingly offered in South America. The city of Séo Paulo, 
which is now one of the most important industrial cities 
in the world, owes its rapid growth largely to the influx 
of Italians in the past, and plans are afoot for further 
large-scale immigration fone Italy. A trade mission, 
consisting of representatives of Italian mechanical, 
metallurgical, shipbuilding, chemical, textile and 
pottery industries, also port and railway construction 
undertakings, is at present visiting Brazil. The objects 
of the mission are to re-establish trade relations, to 
increase maritime and air traffic with Brazil, and to 
discuss the resumption of Italian emigration to Brazil. 
The leader is reported to have stated that Italy was 
prepared to study the question of participating in the 
construction of large-scale shipbuilding yards in Brazil. 
In fact, the far-reaching plan proposed by the mission 
to the Sao Paulo Federation of Industries includes the 
construction in Brazil of roads, railways and ports like 
those built by the Italians in Abyssinia, Eritrea and 
Albania. The mission represents more than 50 Italian 
industrial firms, including Fiat and Caproni. 

In Chile, it is proposed to spend 34,000,000 pesos on 
paving work in the Santiago district during 1947. 
The Fabrica de Pafios de Concepcidn is increasing its 
capital by 10 million pesos, which, it is unde 
will be used mainly for the importation of textile machi- 
nery from the United Kingdom and from France 
(Mulhouse). The Minister of Public Works is to call for 
public tenders in connection with the construction of an 
underground railway system in Santiago, a project 
which has been under discussion for many years. It is 
expected that work will commence in January, 1947, 
and will be finished in approximately 2} years. The cost 
will be financed by revenue received from copper taxes, 
estimated at 20 million pesos per annum. 





LIGHTNING SURGES ON IRISH 
TRANSMISSION LINES. 


PRACTICALLY complete protection against lightning 
can now be obtained on electric transmission lines, but 
to achieve it, elaborate protective measures involving 
considerable capital expenditure are necessary. Such 
comprehensive protection, however, is not warranted 

alt cases. In fact the problem is now largely one of 
balancing economic considerations. In order to do this, 
it is essential to have adequate local data concerning 
the frequency and severity of lightning troubles 
throughout the area covered by the system. From 
such information it is possible to estimate the probable 
number of breakdowns per annum due to lightning 


that can be e on a given line and to determine 
how this figure would be improved by the installation of 
overhead earth wires, expulsion tubes and/or lightning 


arresters. Thus the saving in the total cost of break- 
downs due to lightning, which would be effected by 
any particular form of protection, can be compared 
with the cost of providing that protection. 

Taking this statement as a basis, a paper on “ Light- 
ning Surges on Transmission Lines in Ireland,” which 
was read by Mr. R. C. Cuffe before the Transmission 
Section of the Institution of Electrical Engineers on 
Wednesday, December 11, gave an account of some 
investigations which had been undertaken with the 
object of reg | such local data. The transmission 
network of the Electricity Supply Board in Ireland 
consisted principally of a backbone of 110-kV lines 
with subsidiary 38-kV lines, which were supplied 
as radial tails from the 110-kV transformer stations. 
On these 38-kV lines there were about 90 step-down 
transformer stations from which local 10-kV networks 
radiated. The mileage of 110-kV lines in service at 
the end of 1944 was 465, the corresponding figures for 
the 38-kV and 10-kV lines being 1,340 miles and 2,050 
miles, respectively. None of the lines, except two miles 
operating at 110 kV, was equi with overhead 
earth wires. The neutrals of all three systems were 
insulated. Those of the 110-kV and 38-kV systems 
were earthed through Petersen coils and those of the 
10-kV networks through potential transformers in the 
38/10-kV substations. Some lightning arresters had 
been installed on the 38-kV and 10-kV systems. 
Initially, ieee ive gaps were used on the low-voltage 

these had been removed and no lightning 
senailan devices were now in use on these systems. 

An analysis of the faults due to lightning on the three 
systems between April, 1934, and March, 1944, showed 
that the average rate of faults per 100 miles per 
annum was 0-95 for the 110-kV system, 3-5 for the 
38-kV system and 4-1 for the 10-kV system. The 
higher fault rate on the lower voltage systems was in 
agreement witb results in other countries and might be 





attributed to the fact that their lower insulation level 
made them more liable to trouble from induced light- 
ning surges. The 110-kV system was not of sufficient 
extent to warrant an examination of the geographical 
distribution of its lightning faults, while experience on 
the extensive 38-kV system showed that it was possible 
for lightning in one area to cause faults to develop 
elsewhere. It was therefore decided only to investigate 
the local 10-kV networks the record of which offered 
a better p + of reliable geographical analysis. As 
a result it was found that the fault rate was highest 
along the west coast, with average values in the Mid- 
lands and low values in the north-east and south-east. 
A further “ low ”’ area occurred between Limerick and 
Cork. These areas showed maximum deviations of 
about +60 per cent. from the average fault rate for the 
whole country. Travelling round the coast from Dun- 
dalk southwards, the fault-rate rose to a peak in the 
mountainous regions near Wicklow and fell to a mini- 
mum in County Waterford. Then travelling west, the 
fault rate again rose steadily to a peak in the moun- 
tainous Kerry area. High values continued along the 
entire west coast, with the exception of County Clare, 
the highest value being reached in the undulating coun- 
try adjacent to Galway. A high value was also shown 
in Waterford City, and this might have been due to the 
surges caused by induced charges on the exceptionally 
high river-crossing spans. 

Dealing with the economics of lightning protection 
systems, the author pointed out that the provision 
of overhead earth wires on new transmission lines 
added 30 per cént. or 40 per cent. to the initial 
cost. This represented a considerable percentage 
of the total capital invested in the undertaking in 
the case of a country like Ireland, where hydro-electric 
power stations were situated at considerable distances 
from their associated load centres. In 1938, the 
Electricity Supply Board prepared estimates for the 
provision of overhead earth wires for the last half mile 
of all their 110-kV lines adjacent to the stations and 
for the installation of sets of lightning arresters on these 
line terminations. The cost of the two schemes was 
about the same, but for optimum protection both would 
be required. It was found, however, that for less than 
70 ing cent. of the cost of either, stand-by transformers 

d be purchased to the extent of more than 10 per 
cent. of the total 110-kV transformer capacity in 
service. It was, therefore more economical to provide 
a number of spare transformers and some switchgear 
in preference to the general adoption of either scheme. 
This was brought home still more forcibly when the 
average annual costs of lightning damage in the stations 
was examined. For the ten-year period 1934-44, the 
average total cost of station lightning damage on the 
110-kV system was less than 1} per cent. of the cost of 
either of the protective schemes mentioned. 

As regards the question of the general installation 
of lightning arresters on the lower voltage systems, 
in rural areas the size of the majority of transformer 
stations was small and the additional cost of 
them with lightning arresters might be an appreciable 
fraction of the total. It might again, therefore, be more 
economical to have a few suitable spare transformers 
available for immediate installation in any of a number 
of stations rather than to provide elaborate arresters 
and overhead earth wires for each station. The life 
of transformers and other gear might be shortened 
by such a practice, owing to their subjection to volt- 
age surges, but it was not believed that in the United 
Kingdom and Ireland this factor would alter the 
problem appreciably. These points were stressed to 
show that the determination of what form of lightning 
protection should be used in any particular instance 
could present considerable difficulties. Each installa- 
tion must be examined on its own merits to ensure that 
the most suitable technical and economical solution 
was obtained. Local data on the prevalence of light- 
ning trouble were essential for such solutions. Further 
information was also required on the magnitude of the 
surges causing the disturbances, since if the majority 
of surges on some vol systems were low, then a 
comparatively cheap form of lightning arrester might 
be justified. 

The conclusions to be drawn from the investigations 
described in the > ape was that induced lightning 
surges caused trouble on 10-kV and 38-kV systems. 
The frequency of occurrence and crest-current magni- 
tudes of these surges were not known. Usually, surge- 
recording devices were arranged to collect information 
on the larger surges caused by direct strokes and hence 
did not detect the more numerous small surges. Infor- 
mation about these induced surges were required for 
any examination of lightning protection problems 
on lower voltage systems. Where arresters were 
installed, recorders should be used to obtain information 
on their operation. Such information served as a 
basis for deciding what equipment was required on 
future installations in the same area. The cost of 
recorders of the magnetic-link or paper-dise type was 
only a small fraction of that of a set of lightning 

arresters. 
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LABOUR NOTES. 


Discusstne the “ Tin-plate Training Scheme,” the 
writer of the Notes and Comments in the December 
issue of Man and Metal, the journal of the Iron and 
Steel Trades Federation, claims that “if the supreme 
aim of economic policy is a higher standard of living, 
there can be no escape from the fact that, without 
enough man-power to produce maximum outputs in 
the basic industries, the higher standard of living, 
which all desire, cannot be achieved whatever the 
complexion of the Government may be.” “ First 
things must come first,” he says. ‘* The fundamental 
industries must be supplied with enough man-power to 
produce the output required by the prospect of higher 
standards of consumption. This aspect of our economic 
difficulties completely transcends personal interest. It 
follows, therefore, that any method of approach, or 
practical experiment, offering a chance of solving a 
labour shortage in any important industry sbould 
receive wholehearted support from both sides of the 
industry, and this for two main reasons, because it 
benefits those depending on the industry as well as 
making a valuable contribution to the well-being of 
the nation in relation to both the home and the ex- 
port trades.” 





“‘ For these reasons,” he goes on to say, “ we welcome 
and strongly support two recent developments in the 
tin-plate industry ; first, the acceptance of the principle 
of the six-hour day, and the practical application of 
the shorter working period whenever possible ; second, 
the development on an extending front of the training 
mill scheme. The shorter working day provides a 
strong, attractive incentive, and the training mill a 
means of ready and rapid ingress into the mill section 
of the tin-plate industry for those voluntarily attracted 
by the prospects offered by mill work. Thus, a rapid 
widespread adoption of the six-hour day, coupled with 
an extension of the training mills, offer hopeful pros- 
pects of a solution of the labour shortage in this 
important industry. All concerned should give full 
support and effective co-operation to make this soundly 
conceived scheme an outstanding success.” 





Proceeding to deal with the arrangements for the 
employment of Polish labour in British industry, the 
writer estimates that when the Resettlement Corps is 
completed, there will be approximately 160,000 former 
members of the Polish Forces enrolled in it. “ This 
is,” he says, “a considerable labour force, and, in 
view of our man-power position, which is far from 
satisfactory at the moment, and will become pro- 
gressively worse, as the years pass away, we should 
give the most careful consideration to the way in which 
this supply of labour is absorbed into the economic life 
of this country. The age group, 15 to 55, is the most 
vital one for the purposes of production. Most of the 
Poles in the Resettlement Corps will fall within this 


age grouping.” 


* It is important,” he continues, ‘‘ that we should be 
aware of the fact that before many years have passed 
away, the number of Britons passing beyond the 
55 years of age group will exceed the new entrants at 
a rate of 550,000 a year or below. In the years around 
1930, entrances were about 700,000 and exits in the 
neighbourhood of 450,000 a year. In future, there 
will be fewer workers to cope witb the need for an 
increased volume of work quite apart from any action 
the Government might take.” 








“The fact is,” he concludes, “if we desire a higher 
standard of living, then we must have adequate man- 
power to produce the income to provide that standard 
of comfort. It follows, therefore, that if there is a 
shortage of man-power in the iron and steel industry, 
it is a matter of the plainest commonsense that we 
should take advantage of the labour supply that is 
available in the Polish Resettlement Corps, if the labour 
is suitable for the employment that is available. 
Finally, it should be noted that when Polish workers 
from the Resettlement Corps are released for civilian 
work approved by the Ministry of Labour and National 
Service, the rate for the job must be paid.” 


The Editor of the Amalgamated Engineering Union’s 
Monthly Journal evidently has a poor Opinion of the 
report of the Royal Commission appointed to examine 
the existing relationship between the remuneration of 
men apd women ‘‘in the public services, in industry, 
and in other fields of employment.”’ In the course of a 
note in the December issue, he says that, as a whole, 
it reminds him of “ the mountain that went into labour 
and produced a mouse.” 





According to the Journal’s review of the evidence, 
an early difficulty was to find a working definition of 


Commission express the view, in their report, that the 
phrase, “ although primarily a battle-cry ” should be 
construed to mean a policy of raising the women's rate 
to whatever is, at the relevant time, the male level of 
remuneration. “We, in a union,” the Editor says, 
“have no criticism to offer to such a definition,” 
though “ the employers would probably prefer a defini- 
tion that ‘aiated. equal pay to equal value to them.” 
Members of the A.E.U., benewer, are assured that 
their union “ still holds fast to the principle of the rate 
for the job, irrespective of sex.” 





“The question of piece-prices for similar work,” the 
writer says, “carried out by both sexes, was also 
discussed, and although the Engineering Employers’ 
Federation stated in their evidence that they knew 
of no cases in which different piece rates were paid to 
men and women doing the same work under precisely 
the same conditions, the evidence given by our union 
showed conclusively that differential rates had, in fact, 
been paid.” 





Other points in the Commission’s report noted in the 
writers’ review of the evidence included those findings 
(1) that more than three quarters of all industrial jobs 
are beyond the physical capacity of women ; (2) that 
women are not so adaptable as men; (3) that women 
lack the capacity of men to deal with surprise situa- 
tions ; (4) that women are not such good time-keepers 
as men; and (5) that women have a higher absence 
rate. The signatories to the Minority Report stated 
that it was difficult to believe that finding (1) in the 
main report was true; they suggested, in any case, 
that with the exercise of some ingenuity, the muscular 
effort required in a large range of jobs would be reduced 
to the advantage of the men and the employers. The 
point that women are worse time-keepers than men 
was generally accepted. The majority agreed that 
equal pay would not by itself neces:arily remove all 
restrictions on women’s work ; they claimed that pre- 
judice and convention and sectional privilege would still 
remain. 





Under the U.S.S.R. five-year plan, which is now in 
operation and is to continue in force until 1950, there 
is to be parallel with a rise in the number of workers, an 
increase in total wages from 162,000 million roubles in 
1940 to 252,000 million roubles in 1950. Productivity 
is also to go up, and with it, the average annual] wage, 
which is put at 6,000 roubles in 1950, or 48 per cent. 
more than in 1940. With a view to attracting lab- 
ourers to the key industries and creating staffs of 
permanent employees, higher remuneration will be 
provided for workers, engineers and technicians in the 
various branches of heavy industry (coal steel, and 
oil). This is in conformity with the 
wages depend not only on skill, but also on the condi- 
tions in which the work is done. Piece rates remain 
the predominant form of payment for Soviet men and 
women employees, and the Plan provides forthe perfect- 
ing of piece rates or bonus systems and the systematic in- 
crease of the proportion of bonuses to wages and salaries 
for all grades of employees in the various Russian in- 
dustries. 





The number of workers, which was 27,800,000 in 
1938 (with the old boundaries) is to be 33,500,000, 
according to the Plan, in 1950. The chief source from 
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HIGH-VOLTAGE OIL CIRCUIT 
BREAKERS WITH RESISTANCE 
SWITCHING.* 


By H. E. Cox and T. W. Wrox. 


Tue heart of any oil circuit-breaker is the arc-contro| 
device, or pot. is comprises a small enclosure made 
of insulating material, which is placed round the 
contacts. The enclosure is qeovildd with orifices, 
so arranged that the gaseous products of the arc 
either sweep through the arc itself or force oil through 
the arc path. As the pressure necessary to produce the 
blast for extinction is developed by the are, it increases as 
the arc current increases. This increased pressure 
gives a more powerful blast and a greater electrical 
strength per unit length of arc path. The restriking 
voltage transient can therefore be withstood by shorter 
gaps between the moving and stationary contacts. The 
limiting rating of a pot can be reached either by the 
arcing time becoming infinite, i.e., by the pot failing 
to clear, or by the pressure becoming so high that the 
pot bursts. Fora given pot, the maximum arc duration 
is mainly a function of the magnitude and rate of rise 
of the restriking transient of the voltage, while the 
maximum pressure depends mainly on the magnitude 
of the current and is independent of the restriking 
transient of the voltage over a very wide range. The 
design of high-voltage pots therefore becomes essen- 
tially a problem of ensuring that there is sufficient 
pressure to break the arc positively and not too much 
to burst the pot. 

Three arrangements have been designed to achieve 
these ends. In one, the orifices in the pot are not 
uncovered until the contacts have opened a certain 
distance, thus accumulating pressure. In a variant 
of this arrangement, a pressure are is drawn prior 
to the main are and is separated therefrom by an inter- 
mediate contact. This arrangement is more effective 
in keeping the oil up to the arc and in actually forcing 
oil instead of gas through the arc at current zero. 
Both these arrangements, however, though they raise 
the limiting voltage rating, also lower the maximum 
short-circuit current rating. In a third arrangement, 
the orifices are placed immediately adjacent to the 
stationary contacts, but the pot enclosure continues 
beyond the orifices to form what is called the compen- 
sating chamber. This use of this chamber increases the 
voltage rating without decreasing the current rating. 
By exploiting these devices, and many ingenious 
variants and combinations of them, it is possible to 
obtain pots with ratings up to 66 kA symmetrical and 
83 kA asymmetrical at 9-5 kV recovery voltage, and 
13 kA symmetrical and 16 kA asymmetrical at 57 kV 
recovery voltage. This latter rating enables a circuit 
breaker to be built with a breaking capacity rating of 
1,500 MVA at 66 kV three-phase, using only one pot 
r pole. This is, however, far below the ratings of 
3,500 MVA at 132 kV and perhaps 5,000 MVA at 246 kV 
which are demanded by modern tendencies. 

Three methods of obtaining increased voltage ratings 
without decreasing the short-circuit current rating are 
available. These are to reduce the severity of the 
restriking voltage transient, to use more than one pot 
in series, and to force oil into the are by external pres- 
sure. As regards the first method, shunting a pot by 
a resistor of suitable value results in a great improve- 
ment in the region of maximum arc duration, as not only 
the rate of rise of recovery voltage but the peak value 
reached are reduced. As regards the second method, 
the maximum breaking capacity at constant are current 





which the additional skilled labour must be drawn are 
the factory, trade, and railway schools, from which 
1,200,000 pupils will graduate annually by 1950. A 
total of 4,500,000 young skilled workers will enter 
Soviet industry from the schools during the five-year 
period, and 1,900,000 engineers and technicians will 
pass out of the special, intermediate, and higher schools 
in the same period. Among other methods, that of 
training unskilled workers on the job is to be extended 
in the common trades by means of individual or group 
instruction; this will apply to 5,400,000 workers in 
factories, and 2,300,000 workers in agriculture. In 
addition, 13,900,000 other persons will be given the 
opportunity to increase their existing skill in the same 
way. 





The engagement of additional workers in industry, 
transport, and the building trades is claimed by Mr. 
Voznesensky, President of the State Planning Com- 
mittee, to be a decisive factor for the success of the Plan ; 
many undertakings, he says, do not realise that the 
labour they require cannot be provided automatically, 
and that new methods must be employed. The Plan, 
therefore, lays down that organised recruiting by means 
of contracts between business organisations and 
collective farms must be resumed; the farms agree to 
make a number of workers available to the factories, 
which undertake, in their turn, to help the farms by 


of n breaks in series is times the breaking capacity of 
one pot, provided the restriking voltage transient is 
divided equally between the pots. Such equal voltage 
division is ensured by shunting the pots by resistors. 
The third method is applicable to the impulse oil circuit- 
breaker and is not within the scope of this paper. 

Fig. 1, opposite, is a sectional drawing of one pole of 
a 2,500-MVA, 132-kV oil circuit breaker and Fig. 2 
shows the pot and resistor in section, Not only is 
resistance switching employed, but there are two 
pots a and a, in series. The breaker is designed to 
have # total break time not exceeding four cycles on a 
50-cycle system at all currents from zero up to the 
rated current of 10-9 kA symmetrical and 13-6 kA 
asymmetrical. It is also designed so that each pole 
is rated for a recovery voltage of 114 kV. This is 
equivalent to the voltage experienced by the first 
phase to clear on a three-phase fault, where either the 
fault or the system is insulated or both are insulated. 
Arc lengths up to 8 in. per pot are expected and, as it is 
desired tolimit the are duration to a maximum of 
three half cycles, unusually high speeds of contact rod 
movement are required. These high speeds are 
obtained by careful design of the moving parts so as to 
reduce the weight toa minimum, The tension rods b, 
Fig. 1, are rectangular to obtain the maximum 
strength in the direction which experiences the greatest 
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what is meant by “ Equal Pay for Equal Work.” The 
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132-KV CIRCUIT BREAKER AND EXPLOSION POT. 


Fig.1. 
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stresses; the metal terminal parts of the tension rod 
and the cross bar c are made of Duralumin and all 
the bolts are of high-tensile steel. The time between 
energising the trip coil and contact separation is 
reduced to a minimum by using a laminated trip-magnet 
structure, by constructing the high-speed parts of the 
trip-toggle train of Duralumin, by mounting the main 
shafts on bal] bearings, by constructing the connecting 
rods between the phases of Duralumin, by using high- 
tensile stainless-steel pins throughout the mechanism, 
and by employing butt contacts in the explosion pots. 
Each pot contains two contact fingers which butt 
directly on to the contact rod, as shown at a in Fig. 2. 
As these fingers each have to carry and make only 
14 kA peak on through and make-break shots, they 
are made of copper and require no facing with sintered- 
tungsten alloys. Two such contacts are able to carry a 
through current of 28 kA peak and close on to the 
same current almost without arcing. The only burning 
experienced is, therefore, that occasioned by the arc 
during breaking, which lasts between one and three 
half-cycles. The short arc duration results in very 
small erosion of the explosion pot plates and only minor 
carbonisation of the oil. The resistor winding, which 
is shown at b in Fig. 2, shunts the whole pot and is 
connected at the top to the contact head c and at the 
bottom to a flat plate contact d, which lies on the top 
of the throat plate. Above this plate is the compen- 
sating chamber e, which forms the lower part of the 
t. The side orifices in the latter are indicated at f. 
e contact rod is a loose fit through the throat plate, 
with the result that the resistor current passes from 
the plate to the rod, either direct, when they rub 
together, or by jumping the small annular gap between 
them when they part. The resistor is made from one 
continuous length of nickel-chrome wire, which is wound 
into a series of pancake coils. The current passes 
through adjacent coils in opposite directions, so that 
the assembly is substantially non-inductive. This 
arrangement gives a very good voltage distribution 
over the resistor when the breaker restrikes. It will be 
seen that, apart from the addition of the resistors, the 
breaker is of conventiona] and well-tried construction 
and that the increased speed is obtained by refinements 
of design. The trip magnet does not make use of the 
flux-shifting principle, but is a solenoid magnet which 
employs the flux generated by the operating coil to pull 
up the plunger directly. This obviates the use of a 
permanent magnet and the added complication of a 
resetting device, both of which are necessary in tripping 
magnets working on the flux-shifting principle. 

e beneficial effects of resistance switching when 
breaking currents in capacitive circuits have been fully 
discussed.* Such an arrangement is also a cure 
for the fracture of pots and their components wher open- 
ing long lines or cables. This fracture is caused by the 





* See Transactions of the American Institute of Elec- 
trical Engineers, vol. 62, page 98, et seq. (1943). 
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discharge of the capitance of the line or cable through 
the pot upon the occurrence of a restrike across the 
contact gap. Such restrikes are harmful, not only to 
the pots but also to series inductive apparatus, and may 
also cause very high inter-turn and inter-coil voltages 
in transformers. With resistance switching, the 
voltages at which restrikes occur on the shunted break 
are only small. Later, when the resistor current is 
finally broken, the resistor is in the discharge circuit 
and reduces the rate at which the voltage collapses. 
The high voltages produced when breaking small 
inductive currents are also reduced by the use of resist- 
ance switching. Taking representative values of 
6-4 H for inductance and 0-0124 x 10-* F for capaci- 
tance, such as are applicable to a 132-kV circuit, calcu- 
lation shows that for each ampere chopped without the 
resistor, the prospective value of the voltage is 23 kV 
peak, while with a resistance of 2,400 ohms it cannot 
exceed 2-4kV. The initial rate of collapse is also only 
800 volts per microsecond through a 2,400-ohm resistor, 
as against complete collapse in something under one 
microsecond without the resistor. Further, the resistor 
improves the power factor of the current and thus re- 
duces the peak value of the restriking transient on final 
clearance. The current is therefore eventually cleared 
with a gap of lower electrical strength than would be 
necessary if the resistor were not present. This means 
that the actual voltage at which restrike occurs is lower, 
although the prospective value per ampere is the same. 
To sum up, the application of resistance switching 
to tank-type oil circuit breakers has the advan‘ 
that it improves the operation of the pot over t 
critical values of current at which the are length and 
arcing duration are a maximum, and therefore con- 
stitute a design limit. This increases the vol 
rating of a simple pot and reduces the total break-time 
at this critica] region. It enables complete control to 
be exercised over the distribution of the restriking tran- 
sient imposed on individual pots where a series arrange- 
ment of pots is used. It makes it possible to extend 
greatly the proving capacity of test plants by applying 
the whole B sorties, dom output to one pole of a three- 
phase separate tank breaker. It reduces over-vol 
on switching to an innocuous value, whether they are 
caused by opening capacitive or smal] inductive 
currents, and it reduces the su on transformers 


and inductive apparatus caused by switching on to | Pe@™ 


circuit. 





Import OF ELECTRICITY FROM NORWAY.—In a written 
answer to Mr. C. N. Thornton-Kemsley in the House of 
Commons, on Thursday, December 5, the Minister of 
Fuel and Power (the Rt. Hon. E. Shinwell) said that he 
was not considering the possibility of importing supplies 
of electricity by submarine cable from Norway to the 
north-east of Scotland. 





GENERATION OF ELECTRICITY.—The official returns 
rendered to the Electricity Commissioners show that 
3,938 million kWh of electricity were generated by the 
authorised undertakings in Great Britain during Novem- 
ber, 1946, compared with 3,463 million kWh during the 
corresponding month of 1945, an increase of 475 million 
kWh, or 13-7 per cent. During the eleven months of 
1946 the total electricity generated was 36,868 million 
kWh, compared with 33,608 million kWh during the 
corresponding period of 1945, an increase of 3,260 million 
kWh, or 9-7 percent. The total quantities sent out were 
3,722 million kWh during November, 1946, and 34,782 








million kWh during the first eleven months of the year. 
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SULPHUR IN CAST IRON.* 
By H. Morroes. 
(Concluded from page 600.) 

Apart from the sulphides, all the bars referred to so 
far had a typical hypo-eutectic white-iron structure. 
Samples MS/156, MS/149, and MS/157, which were 
prepared from Swedish white iron, were all very similar 
to those ao pig iron A with similar copper 
contents. ly copper is assumed to have a 
graphitising action not differing greatly from that of 
nickel, and experience with normal compositions con- 
firms this view. In the present case, however, it will 
be noted that, while graphite began to appear with 
3-1 per cent. to 3-3 per cent. of nickel and was present 
in a fair quantity with over 6 per cent., no graphite was 
present even with nearly 6 per cent. of copper. In 
order to investigate the t, of graphite likely to be 
formed in the presence of high sulphur contents and 
copper, four further melts were carried out and a 3-in. 
diameter bar, approximately 20 in. long, was cast from 
each melt. It was further thought that the accom- 
panying slower cooling rate would give coarser sulphide 

icles and so permit a closer scrutiny of the eutectic- 
ike structures. Details of the microstructures and the 
chemical analyses are given in Table IV, page 600, ante. 
These bars were broken transversely and all the frac- 
tures were sound ; the results are given in Table V. 


TABLE V.—Results of Transverse Tests on 3-in. Diameter 


Test-Bars. 
j Transverse 
Sample. Rupture Stress, Fracture. 
Tons per sq. in. 
-_—_— ara _— ee _ 
| 

MS/580 wel 29-2 Mottled. 

MS/581 ~ 31-3 | Mottled. 

MS/582 ec] 25-6 Fine grey with white network. 

4 Fine grey. 


MS/583 | 28- 





The sulphide aggregates in these large test-bars were 
on a coarse scale and for the most part were 
exactly similar to those in the smaller bars cast pre- 
viously. Significantly, the eutectic-like structure of 
the deep-brown continuous phase and the light-blue 
dispersed phase was not appreciably coarser. this is 
a eutectic structure it would be expected to be sensitive 
to changes in cooling rate and to give an increased 
particle size. In most cases in this series the manganese 
sulphide appeared to be cored. The interior of the 

had a typical dove-grey colour but at the 
extremities they gradually changed until they appeared 
bright blue. It is suggested that this indicates a 
gradual increase in copper content of the manganese 
sulphide during its formation and, taken together with 
the observations made in the prelimi remarks, 
points to some intersolubility of Cu,S and MnS. It 
was not found possible to photograph this coring effect 
in monochrome. 

The graphite structures of these bars showed several 
interesting features. Fig. 9, on page 622, iliustrates 
the general structure of sample MS/580 containing 
0-63 per cent. of copper. Clusters of graphite are seen 
with a network of eutectic cementite, the matrix being 


8° | coarse pearlite. Detailed examination shows that the 


graphite is not normal and some of the 
characteristics of mesh-like graphite described pre- 
viously, in so far as the graphite flakes all tend to be 
jointed together in any one cluster. Samples MS/581 
and MS/582, having 1-79"and 2-57 per cent. of copper, 
respectively, show similar structures but increasing 
copper gives decreasing amounts of carbide until 
MS 582 contains only a very small amount. Sample 
MS/583, containing 5-26 per cent. of copper, is com- 
pletely grey with mesh-like graphite in a matrix of 
lite. Fig. 10, page 622, shows the general structure 
of this bar. As in Fig. 9, the mesh-like graphite is in 
a pearlite matrix ; the light globules are free copper and 
the darker ones are sulphide aggregates. 

At the edge of this bar a band about ,j, in. deep 
occurred in which the graphite was on a much coarser 
scale. The pattern of the graphite showed that it 
outlined the pre-existing eutectic cementite. In the 
vicinity of this graphite considerable lakes of ferrite 
occurred, and interlocked in circles of graphite were 
areas of cementite. This will be apparent from a close 
examination of Figs. 1] and 12, page 622, in which the 
cementite areas are marked C and the ferrite areas are 
marked F. It is suggested that the graphite must have 
formed after the cemertite areas, and may have resulted 
from the graphitisation of this cementite together with 
the formation of hypereutectoid graphite. The ferrite 
areas must have formed during or after the eutectoid 





* A report on a research carried out with the aid of a 
grant from the Andrew Carnegie Research Fund and 
entitled “‘ The Neutralisation of Sulphur in Cast Iron by 
Various Alloying Elements,” presented before the Iron 
and Stee] Institute on Thursday, November 14, 1946. 
Abridged. 
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Fie. 9. SampLte MS/580, 0-63 Per Cent. 
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Fie. 11. Grapxarre Formations OUTLINING PRE-EXISTING CEMENTITE. 
= 800. 


transformation, as it would be difficult to envisage 
carbon-free austenite in contact with cementite or 
graphite under these conditions of cooling. 

In all the experiments deséribed so far in this series, 
it was felt that manganese and the resulting manganese 
sulphide were complicating factors. Accordingly, a 
synthetic melt was arranged using a special sample of 
Swedish wrought iron which had a very low manganese 
content. Four ingots were cast from a high-frequency 
induction Details of the charge have been 
given above. The results of the chemical analysis of 
these four samples are given in Table VI. 


TABLE V1.—Chemical Analyses of Ingots from Induction- 
Furnace Melt. 














Sample. | Mn, per cent. S, per cent. Cu, per cent. 
| | l 
1F3s) | Nil | 0-222 | 0-74 
1F4 La Nil | 0-249 | 1-49 
oe Nil 0-229 | 2-90 
1F6 -«| 


Nil 0-242 | 5-93 
I 





Samples 1F3, 1F4, and 1F5 all contained ferrous 
sulphide associated with the deep-brown phase previ- 
ously noted. With increasing copper content, the 
amount of ferrous sulphide decreases until, in sample 
1F6 with 5-93 per cent. of copper, only very small 
amounts are present. In samples 1F3, 1F4, and 1F5, 
there is some indication that the eutectic structure may 
exist in the deep-brown phase and this was more 
apparent, but still difficult to resolve, in sample 1F6. 
In the absence of manganese it is felt chat this indicates 
(together with the previous evidence) the formation of 





Fig. 12. 


a double sulphide or a solid solution of Cu,S and FeS, 
and also the ible occurence of a eutectic of this 
oe and the bluish Cu,S.. It would also appear that 
and Cu,S may form a continuous series of solid 
solutions, but unless the manganese is very low and the 
sulphur and copper contents are very high, no massive 
Cu,S will be formed. Quite obviously, manganese has 
a much greater affinity for sulphur than has copper. 
An examination of the literature indicated some con- 
siderable knowledge of the effect of chromium on the 
sulphides in steels and pure iron. In the correspond- 
ence on a paper by Matuschka, Portevin pointed out 
that sulphur may form compounds with chromium, 
particularly in the presence of oxygen, giving probably 
a rose-coloured oxysulphide of iron and chromium. 
Urban and yo ee have prepared a synthetic iron- 
earbon alloy adding ferro-chromium and iron sulphide 
and they found inclusions consisting of alternate 
lamelle of parallel narrow bands. They say that this 
indicates the solubility of two sulphides at melting 
temperature—the one being precipitated in cooling. 
The tan-coloured phase they suggest is rich in FeS 
and the grey phase rich in Cr,8,. Léfquist reported 
chromium sulphide in steel to be light grey and he 
identified a chromium-sulphide/oxide eutectic. Mony- 
penny has referred to the difficulty of sulphur-printing 
chromium steels, and he says that unless the manganese 
content is well over 0-5 per cent., the sulphur exists 
mainly as chromium sulphide. Schafmeister and Moll 
found that melts with high chromium and sulphur 
contents contained globular sulphides, the smaller 
particles being anisotropic and the larger particles 
isotropic under polarised light between crossed Nicols. 
Both types were grey and t investigators suggested 














GrapHiTe Formations TENDING TO OUTLINE PRE-EXISTING 


CEMENTITE. x 800. 


the isotropic phase to be chromium sulphide and the 
anisotropic phase to be iron sulphide containing 
chromium sulphide. 

Portevin and Castro have illustrated the occurrence 
of a special phase in the sulphides of 1 per cent. chro- 
mium steels. This phase is light grey and occurs in 
triangular crystals associated with manganese sulphide 
and also as a eutectic with this compound. 
investigators found that the sulphides in low-chromium 
steels resembled in tint the manganese sulphide con- 
taining iron sulphide in solid solution, and the sulphides 
in high-chromium steels to resemble pure iron sulphide. 
The sulphides of chromium were found to be relatively 
inert to the usual etching reagents for sulphides. The 
irog / chromium / chromium - sulphide / iron - sulphide 
system has been studied by Vogel and Reinbach, Iron 
sulphide (FeS) and chromium sulphide (CrS) show com- 
= miscibility in the liquid condition for the system 

'eS-Cr8. 

With chromium contents up to about 1 per cent. no 
abnormal] sulphides have been observed by the author 
in iron with sufficient m to balance the sulphur 
content, but in chilled rolls of heavy section having 
manganese contents of the order of 0-3 per cent. and 
chromium contents of 1 per cent. and above, sulphide 
aggregates exactly resembling that illustrated by 
Portevin and Castro have been observed. 

For this series nine melts were carried out, covering 
the range 0-74 per cent. to 28-53 per cent. of chromium. 
Low-carbon ferro-chromium was used, The chemical 
analyses are recorded in Table VII, opposite. As far 
as the general microstructures were concerned, all the 
bars were typical of white irons with the chromium con- 
tents indicated. Up to 8-54 per cent. of chromium, the 
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pearlite became progressively finer; at 11-84 per cent. 
the carbides became slightly angular; at 15-12 and 
17-31 per cent. the carbides had the typical angular 
appearance of iron-chromium carbide in very fine 
pearlite ; and at 28-53 per cent. of chromium, chro- 
mium-iron carbides were present in an a matrix with 
no pearlite. 

TABLE VII.—Chemical Analyses of Samples in the 

Chromium Series. 

(Pig-iron A used in each case.) 











7s. | @, Mn, 8, | Cr, 
Sample. per | per | per | per | per 
| cent. | cent. cent. cent. | cent. 

i | ! 

| 
MS/566 a 2-98 | 0-70 0-36 0-624 | O-74 
MS /568 ..| 83-11 | 0-79 0-36 0-701 1-39 
MS/569 | 3-04 | 0-62 0-19 0-347 1-94 
MS/570 | 3-01 0-62 0-23 0-498 | 5-06 
MS/617 | 3-14 0-88 0-20 0-447 8-54 
MS/618 | 3-16 0-85 0-21 0-408 11-84 
MS/623 --| 8°47 1-30 0-20 0-484 15-12 
MS/625 -.| 320 | 1-00 | 0-20 | 0-275 | 17-31 
MS/591 | 2-83 0-98 0-19 | 0-386 | 28-53 

' 








Sample MS/566 with 0-74 per cent. of chromium 
sho sulphide aggregates consisting of manganese 
sulphide and iron sulphide. Very fine greyish streaks 
were visible in some of the FeS areas and small, light 
grey spots were discerned in the -sul phide 
crystals. A typical aggregate is illustrated in Fig. 13. 
The dark phase is MnS and contains fine light spots. 
The light phase in which faint striations are visible is 
predominantly FeS. Sample MS/568 with 1-39 per 
cent. of chromium was essentially similar to sample 
MS/566, but the striations in the iron sulphide were 
more clearly developed and—confirming the observa- 
tions of Urban and Chipman—appeared to be alternate 
lamelle of a light-grey phase and a tan-coloured phase. 
The spots in the manganese sulphide were similarly 
light grey. 

Samples MS/569 and MS/570 with 1-94 per cent. and 
5-06 per cent. of chromium, respectively, are again 
similar to the previous ones, but the striations in the 
iron sulphide are more pronounced still, and, in general, 
this phase appears grey-blue instead of the usual tan 
colour. Samples MS/617 and MS/618, with 8-54 per 
cent. and 11-84 per cent. of chromium, respectively, 
have relatively smal] amounts of manganese sulphide 
associated with a phase which appears light grey-blue 
tokhaki. This phase is faintly doubly refracting under 
polarised light between crossed Nicols and consists in 
each case of several differently oriented crystals, some 
of which are more khaki and others more grey. The 
shades of difference are very fine and it was found im- 
possible to re uce them photographically. 
Samples MS/623 and MS/625, with 15-12 per cent. 
and 17-31 per cent. of chromium, respectively, were 
very similar and showed sulphide aggregates consisting 
of a small amount of manganese sulphide together with 
a grey phase and a khaki phase. A ys example 
from M3 /625 is illustrated in Fig. 14. e dark 
represents MnS, the khaki phase is shown medium- 
toned, and the grey phase is light. Sample MS/591, 
with 28-53 per cent. of chromium, revealed sulphide 
aggregates consisting of a smal] amount of manganese 
sulphide and a phase which appeared to have various 
shades of khaki. This was found to be due to a faint 
reflex pleochroism—the crystals under plane-polarised 





Fig. 14. Sampre MS/625, Sutpnipe AcarRz- 
GaATEs. X 1,500. 


light absorbing more light for some orientations of the 
crystals with respect to the plane of polarisation than 
for others. 

Little information was available in the literature 
upon the probable occurrence of aluminium sulphide or 
its complexes in steels or cast irons. Vogel Hillen 
have studied the iron /iron-sulphide /aluminium-sul phide 
/alaminium constitutional diagram. The existence of 
a FeS.Al,S, solid solution was established and X-ray 
evidence confirmed the existence of the double-sulphide 

corresponding to FeS.Al,S,. Aluminium sul- 
ide solidifies with a golden-yellow glassy appearance. 
iderable liquid immiscibility of sulphides and metal 
was indicated. In aluminium irons containing suffici- 
ent manganese to balance the sulphur, only manganese 
sulphide has been observed even for aluminium con- 
tents as high as 8 per cent. When such irons also con- 
tained zirconium the orange-yellow to grey zirconium- 
sulphide phase was present. This indicates that 
manganese and zirconium have a greater affinity for 
sulphur than has aluminium. 

Seven melts were carried out in this series, four usi 
pig iron A and three using pig iron 8S. The chemica 
analyses are given in Table VIII. The aluminium was 


TaBLE VIII.—Chemical Analyses of the Aluminium Series 
Samples. 








Pi T.Cc Si, Mn, 8, Al, 

Sample. Iroy r per r per per 
"| cent cent cent cent. cent. 

MS/584 A 2-98 0-71 0-21 0-399 0-78 
MS/585 A 2-58 0-75 0-20 0-309 1-67 
MS/586 A 2-98 0-69 0-27 0-331 3-46 
MS/587 A 2-75 0-67 0-22 0-158 7-77 
MS/311 8 —_ —_ 0-10 0-341 0-55 
MS/312 8 _ — 0-12 0-381 1-07 
MS/313 8 = — 0-06 0-340 2-19 























added after the charge had melted in each case. As 
far as the general structure of these bars was concerned, 
they had normal microstructures typical of their alloy 
contents. A discussion of these complex structures 
would be irrelevant to the subject of this paper. 
Briefly, MS/584, MS/311, and MS/312 were normal 
white irons; MS/586 and MS/313 were grey, and 
MS/587 was white with the carbon in the form of 
aluminium-iron carbide. Any graphite which occurred 
in this series was of the medium-sized flake type. 

Samples MS/584, MS/585, MS/311, and MS/312, 
with 0-78, 1-67, 0-55, and 1-07 per cent. of aluminium, 
respectively, all showed what a: red to be manganese 
sulphide with no iron sulphide present. Samples 
MS/313, MS/586 and MS/587, with 2-19, 3-46, and 7-77 
per cent. of aluminium, respectively, all had sulphide 
in the form of round, translucent, dark-green particles. 
The translucency was manifest under ordinary vertical 
illumination by a diffused golden or olive- area 
of indeterminate focus at the centre of particle. 
Under polarised light these particles lit up with a 
golden or olive-green coloration for all positions of the 
— indicating that they were glassy or isotropic, 
and translucent to golden-yellow/olive-green light. 
These particles are probably aluminium sulphide, 
perhaps ee some sulphide (which 
would be responsible for the greenish appearance) in 
solution. 

The following conclusions have been arrived at as a 
result of the research. With the exception of nickel 





all the elements studied can combine with sulphur 
(in the absence of sufficient to form man- 
ganese sulphide) to give characteristic sulphides. In 
the cases of copper, chromium, and aluminium, definite 
sulphides may be Nickel and copper 
behave similarly in neutralising the carbide-stabilising 
effect of iron sulphide, but nickel’ a to exert a 
stronger influence. With high ur and low- 
manganese contents, the addition of nickel or copper 
can give rise to abnormal graphite structures panne 
features suggesting graphitisation after solidification. 

As far as commercial irons of to-day are concerned, 
the sulphides described may occur in the case of copper, 
chromium and aluminium irons. No definite sulphide 
was attributed to molybdenum, although that element 
definitely had an effect on the mode of occurrence of 
iron sulphide when 2 bpm cent. of molybdenum was 
present. Either a solid solution of Cu,S in FeS or a 
double sulphide of these two can exist in cast iron. 
A eutectic of this solid solution (or double sulphide) 
and Cu,S may occur in cast iron. Cuprous sulphide 
(Cu,8) may exist in varying amounts in solution in 
manganese sulphide in cast iron. 

Chromium sulphide (CrS) may occur associated with 
iron sulphide in striations or with manganese sulphide 
in a eutectiform pattern of spots. The grey chromium- 
sulphide phase may be chromium sulphide with iron 
sulphide and/or manganese sulphide in solid solution. 
With approximately 30 per cent. of chromium, the 
chromium sulphide had a khaki colour and showed 
a faint reflex pleochroism. With chromium contents 
of this order, the pleochroic phase replaced the iron 
sulphide completely. With low manganese contents, 
aluminium sulphide (Al,S,) containing manganese 
sulphide in solid solution may occur in castiron. Inno 
case did pouring temperature appear to have any 
influence on the form of the sulphides in any of the 
compositions investigated. It should be remembered 
that the above remarks all apply to irons of very high 
sulphur and low manganese contents. 





ANNUALS AND REFERENCE BOOKS. 


Fire Protection Year Book, 1946-47.—Another 
welcome sign of the return to -time conditions is 
the alteration of the title of the newest edition of the 
annual reference book of the Fire Services from Fire 
Protection and A. R.P. Year Book to the Fire Protection 
Year Book. The book has been completely revised and 
brought up to date in view of the great changes which 
have been made since the end of the war. As in past 
years, the contents are divided into sections by means of 
stiff tabbed cards. These sections contain particulars of 
the regional and area staffs of the National Fire Service, 
statistical details of Empire fire brigades, lists of 
National Fire Service and Dominion and Colonial 
fire brigade officers, and information regarding Govern- 
ment departments and institutions, associations and 
commercial firms interested in fire fighting or supplying 
fire-service equipment. Other sections deal with 
Statutory Rules and Orders, British Standard Specifi- 
cations for equipment, Acts of Parliament, and miscel- 
laneous data. A glossary of standard terms and a list 
of proprietary and trade names are also included. The 
Year Book is publisbed by Messrs. Lomax, Erskine and 
Company, Limited, Aldwych House, London, W.C.2, 
and the price is 7s. 6d., postage included. 

“* Power Transmission” Trade Names Index and 
Directory.—The 6th edition, that for 1946-48, of this 
guide to the trade or brand names of mechanical er 
transmission equipment has recently been published 
by Trade and Technical Press, Limited, 65-66, cery- 
lane, London, W.C.2. In addition to an alphabetical 
index of proprietary trade or brand names, the book 
contains an alphabetical classified-trades directory and, 
finally, an alphabetical list of manufacturers or suppliers 
of mechanical power-transmission equipment. A brief 
aide-mémoire relating to various points requiring atten- 
tion in the overhaul of power-transmission equipment is 
included at the end. The price of the book is 5s. 

British Standards Yearbook, 1946.—A list of current 
British Standard Specifications, in numerical order, a 
subject index and synopses of all specifications, and 
some information on the work of the British Standards 
Institution up till December 31, 1945, are contained in 
the British Standards Yearbook for 1946, published 
recently. Lists of members of the General Council, 
of the Divisional Councils, and of the Industry Com- 
mittees of the Institution are included. It is pointed 
out in the preface that the Institution’s monthly 
information sheets will keep the numerical list of 

ifications up to date, and a pocket is provided at 

e back of the Yearbook for filing these sheets. The 
pocket contains an addendum pamphlet relating to 
specifications issued between January 1 and Septem- 
ber 30, 1946. The price of the Yearbook is 3s., postage 
included, and it is obtainable from the Publications 
Sales Department of the Institution, 28, Victoria-street, 
London, 8.W.1. 
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581,123. Magneto-Strictive System. Marconi’s Wire- 
less Telegraph Company, Limited, of London, and H. J. 
Round, of New Barnet. (2 Figs.) September 26, 1941.— 
The magneto-strictive system is one in which a tube 
of non-megneto-strictive material is attached to a 
magneto-strictive bar. The bar is of large mass and the 
tube small. The bar tends to oscillate as a } A system, 
but the tube tends to oscillate as a } A system, and the 
whole system has two natural periods. A large bar B 
of laminated nickel is gripped by a holder G at the 
nodal point of pressure and fixed to a base. A plate of 
brass is soldered to one end of the bar and to it is welded 
a thin steel tube T. Exciting coils K surround the bar 
and above it is an exciting magnet M. A dished dia- 
phragm D is attached to the free end of the tube T. 














Won 


The laminated nickel bar is 12 cm. long, and has a 
square cross-section of 3 cm. sides. The brass plate is 
3 cm. by 3 em. and %-318 cm. thick. The steel tube is 
6 cm. long, 1-5 cm. in diameter, and the thickness of 
the material is 0-025 cm. The magneto-strictive system 
is resonant at two frequencies on either side of 19,000 
cycles, and has a coupling of about 8 per cent. If the 
nickel bar is excited with alternating current at either 
of these frequencies the steel tube is set into violent 
oscillatior. The diaphragm D on the unattached end 
of the tube permits considerable radiation into air and 
this can be increased by logarithmic horn loading. The 
radiation can be concentrated by horns into beams. 
( Accepted October 2, 1946.) 
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INTERNAL COMBUSTION ENGINES. 

580,753. Light-Alloy Piston. Wellworthy Piston Rings, 
Limited, of London, and J. W. Howlett, of London. (7 
Figs.) May 30, 1944.—A piston having a skirt of a light 
alloy with a relatively high coefficient of expansion has 
to be provided with a relatively large working clearance 
as regards the cylinder bore in which it works. The 
invention is a piston having rings with a low coefficient 
of expansion restraining the skirt from expanding. The 
piston, of light alloy, has a head 12 and a skirt 13. The 
head has three grooves for the piston rings. The skirt 
has a longitudinal slit 15 in it which extends from the 
end of the skirt to where the skirt merges into the head. 
The longitudinal slit, which is not quite parallel to the 
piston axis, terminates at a transverse slit between the 


END OF THE ONE HUNDRED AND 


head and the gudgeon-pin bosses 17 which are directly 
connected with the head. The bosses are also connected 
to the skirt by relatively flexible internal webs 19. In 
the piston there are two split skirt-restraining rings 22 
in grooves on opposite sides of the gudgeon-pin bosses. 
The two ends of each ring, which are of square S-shape, 
directly interlock with one another. When fitted on the 
piston the ring is under tension. The rings 22 are of 
cast-iron. The groove in the skirt is turned accurately 
and the ring then fitted into the groove, the internal bore 
of the ring having been accurately ground in relation to 
the bottom of the groove. When the ring has been 
fitted, the skirt is machined to its finished diameter. The 
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outer periphery of the ring is entirely within the skirt 
groove, and does not contact the cylinder bore. The 
working clearance necessary for a light-alloy piston is 
reduced, and piston slap, and other attendant troubles, 
are also reduced. The ring can be turned circumferenti- 
ally in its groove until the interlocked ends are over the 
longitudinal slit 15 in the piston skirt. Then, by insert- 
ing a knife blade in the slit one end can be lifted out of 
the groove and the ring then removed. After initial 
wear of the piston has taken place, the ring may be 
removed and the back of the groove skimmed out to 
allow the skirt of the piston, after the ring has been re- 
assembled, to be of slightly increased diameter. (Accepted 
September 18, 1946.) 


RAILWAYS AND TRAMWAYS. 


580,512. Passenger Rail Coach. Metropolitan-Cammell 
Carriage and Wagon Company, Limited, of Birmingham, 
and W. S. Graff-Baker, of Gerrard’s Cross. (4 Figs.) 
September 5, 1944.—On suburban electric railways 
extending into the country, the coaches of the trains 
running to these areas carry regular travellers on the 
long journey and at the same time have to carry large 
numbers of passengers entering and leaving the train 
at stations on underground parts of the line. The 
invention is a passenger coach which does not depart 
too widely from the conventional compartment type of 
coach to deprive long-distance passengers of the sense 
of privacy and comfort of separate compartments and 
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yet provides for a reasonable distribution and circulation 
of passsengers under crowded conditions with the shortest 
possible station stop at busy stations. The coach is 
divided into three compartments, two end compartments 
and a central compartment, each having seating accom- 
modation for twenty persons. The compartments are 
separated from each other by fixed partitions 13. The 
space between the free end of each partition and the wall 
of the coach is closed by a swinging door 16 which is 
hinged to the end of the partition and can open in either 
direction. There is a corridor door 31 in the centre of 





the end wall, apd two seats 22, each accommodating 








two persons, one on each side of the door. A seat 17 for 
four persons extends along the inner face of each of the 
partitions 13 and between these are two transverse 
back-to-back seats 18 accommodating three persons on 
each side. On either side of these seats is a gangway. 
Double sliding doors 19 are provided in each side wall of 
the coach in alignment with the.centre of each compart- 
ment and passengers entering by either door enter the 
gangway between the ends of the seats 18 and the wal] 
of the coach from which they can pass freely to whatever 
seats are available. (Accepted September 10, 1946.) 


MISCELLANEOUS. 


578,825. Portable Chain Saw. J. W. C. Armstrong, 
of London, J. Palfi, of Stroud, and T. H. and J. Daniels, 
Limited, of Stroud. (4 Figs) July 26, 1944.—The 
invention is a device for tensioning the saw chain of a 
portable saw. A petrol engine 2, Fig. 1, drives the saw 
chain 1 supported in grooves in the guide plate 3, which 
is clamped between the two buffer members 5, 6 of the 
chain saw. The buffer member 5 is bolted to the engine 
casing 2 and extends round the shaft of the driving 
sprocket 10. The buffer member 6 is bolted to the other 
buffer member. The bolts 11 have central rectangular 
cross-pieces, which engage in horizontal slots 13, thus 
maintaining the guide plate in its correct alignment. The 
buffer member 6, Fig. 2, has a circular recess on its inner 
face and a small co-axial hole in its outer face. An 
adjustment member, having a circular end 16 and an 
extension, fits into the recess and the hole, and projects 
beyond the outer face of the buffer member. In the 
extension is a transverse hole containing a locking bar 19, 





" 
WZ . 
ees) 


rabbeted at its ends. The adjustment member has flats 
so that it may be turned byaspanner. A screwed locking 
stud 21 bears on the back of the locking bar 19, which, in 
turn, bears on a ring 22 on the buffer member 6. A 
radially serrated washer 23 lies in the recess under the 
circular end 16 of the adjustment member. The circular 
end is serrated, as also is the bottom of the recess. The 
circular end 16 carries an eccentric pin 24, which engages 
@ vertical slot in the guide plate 3. At the far end of 
the guide plate, a sprocket 31 takes the bight of the 
saw chain. To adjust the tension of the saw chain, the 
nuts on the bolts 11 are loosened, so as to loosen the guide 
plate. The locking stud 21 is also loosened and the 
adjustment member is rotated by a spanner. The 
eccentric pin 24 in the slot moves the guide plate longi- 
tudinally while the cross-pieces in the slots 13 retain it 
laterally. When the saw chain is correctly tensioned, the 
locking stud 21 is tightened. The serrated washer 23 
then prevents unintentional rotation of the adjustment 





member. (Sealed.) 
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S.E.A. RINGS AND 
SYNTHA MOULDED 


GLAND PACKINGS & OIL SEALS 
RONALD TRIST & CO. LTD., 


BATH ROAD 4612 SLOUGH 


YARROW 


& CO., LTD. 
GLASGOW 
SHIPBUILDERS 
MARINE ENGINEERS 4185 
LAND AND MARINE BOILER MAKERS 


RAPIER 
EXCAVATORS 
and 
WALKING DRAGLINES 
RANSOMES & RAPIER LTD. Ipswich - England. 
4454 


MOSS ooo. sec ss 
GEARS 


THE MOSS GEAR CO., LTD., 
Crown Works, Tyburn, Birmingham. 423 





INFINITELY BETTER 


SPRINGS 


SUPER GRADE SPRINGS OF EVERY 
DESCRIPTION FOR EVERY PURPOSE 
On Admiralty,War Office, and Air Ministry Lists 

Established 182! 
ROBERT RILEY LTD. Tel. 2237/8 


— (2 lines) 


Milkstone Spring Works, Rochdale. 


CRADLEY 
BOILERS 


CRADLEY BOILER CO., LTD 


ORADLEY HEATH, STAFFS. 4181 


BAXTERS 


“PATENTED EKNAPPING MOTION” 
and ALLIED SPECIALITIES 756 


W. H. BAXTER Ltd., Leeds, 


12. 


COOPER 


SPLIT 
ROLLER BEARINGS 


KING'S LYNN 4629 NORFOLK 





DOUBLE 
YOUR LOADS 


WITH 4111 


DYSON TRAILERS 


BROTHERHOOD 
PETERBOROUGH LTD. 
STEAM ENGINES AND TURBINES 
OIL ENGINES 
AIR COMPRESSORS 
REFRIGERATION PLANT 
See Advertisement, Page 37, Dec. 6 


6938 


MUREX 


Electrodes 


MUREX WELDING PROCESSES LTD 
WALTHAM CROSS, HERTS. 
Telephone ; Waltham Cross 8036 


4473 


FLEXIBLE TUBING 
NON-METALLIC. 
Toterpal Gaente See 4 in. to 10 in. 


or 
VETKOL- OIL- WATER - DUST EXTRACTION, 
HIGH OR LOW PRESSURE & TEMPERATURE 


COMPOFLEX CO.LTD. }4; ))srtmouth Bt. 


ON, 3.Wi 
Tel.: Whitehall 6411/2 4738 





DREDGERS 


OF ALL TYPES 
FERGUSON BROS. (Port-(. tengew), LTD. 


PORT-GLASGOW 4525 





GEORGE RUSSELL & CO., LTD. 


Motherwell. 4164 


“RAPIDOR’ 


Registered Trade Mark 


MACHINE TOOLS 4. 


EDWARD G. HERBERT Ltd., 
LEVENSHULME———- MANCHESTER, 19 


BARRY 
SCREENS 


BARRY, HENRY & COOK, LTD. 
ABERDEEN. 4132 


LOCOMOTIVES 
STEAM OR DIESEL 


HUDSWELL CLARKE &Co. Ltd. 


RAILWAY FOUNDRY, LEEDS. 
London Office: 46 Victoria pt., 8.W.1. 


Telephone Victoria 1 183 8559 





J. « E. HALL 
REFRIGERATION 


FOR LAND & MARINE PURPOSES 
LIFTS ano ESCALATORS 


J. & E. HALL, LTD., ENGINEERS, DARTFORD, 
KE 


EN 
Telephone Dartford 3456. 
London Office: 10, 8t. SWITHIN’S LANB, E.C.4. 
Telephone : ‘MANSION House 9811 


STUDS 


IN ALL a ALL —_—- 
ARGE STOCK: 


H. FORDSMITH "LTD. 
Hadfield Street Works, Cornbrook, 


MANCHESTER, 16, 
TRAfford Park 1615 and 1616 





4698 





“DELTA” 


Non-Ferrous Metals and Alloys. 
THE DELTA METAL CO. LTD. 


PLENTY 


& SON LTD., NEWBURY. 


MARINE ENGINEERS. 
STEAM ENGINES 


TO 1500 1.H.P. 
FOR ALL CLASSES OF VESSELS 


STERN GEARS 
FOR DIESEL MOTOR VESSELS AND 
COMPLETE INSTALLATIONS UNDERTAKEN. 


COX PATENT ROTARY 


4526 





4497 


‘IDISPLACEMENT PUMP 


WELDED 
PLANT 


FABRICATION IN MILD & STAINLESS STEEL. 
HOMOGENEOUS LEAD LININGS. 
GREY IRON CASTINGS (12 TONS) 

MACHINING FACILITIES—20 FT. DIA. MAX 


M. & W. GRAZEBROOK 
(EST. 1750) LTD. 


DUDLEY, Worcs. 


4701 


RESEARCH 


ENGINEERS LTD. 
FOR 


PROTOTYPES 


SEE FIRST CLASSIFIED PAGE. 





“DUNDAS” 


MANUFACTURING ENGINEERS 
THE AIRPORT PORTSMOUTH. 


"PHONE: 74874 4474 





DANIELS 


FOR 


HYDRAULIC 


VALVES 


T. H. & J. DANIELS LTD. 


STROUD, GLOS. Phone: 661/2/3. 


4288 


PIPEWORK AND COILS 


STEAM MAINS AND PROCESS 
PIPING FOR INDUSTRIAL AND 
CHEMICAL PLANT. 
SIMMONS & HAWKER LTD. 


POINT PLEASANT, WANDS\ ORTH, 
LONDON, 8.W.18 


INJECTORS 


FOR ALL PURPOSES 


GRESHAM & CRAVEN, LTD. eNensfacturave. 

ORDS: _ L LANE, SALI OKD, MANCHESTER, 5 

Phone N Telegrams 

BLAc kfriars 6316. Brake P’ hone, M or 
London Office : 

14, Great Peter Street, Westminster. London, S. W. ‘1. 


BAWN 


ENGINEERS 
for 
PLATE FABRICATION 


METAL WORKERS 
TO INDUSTRY 


WwW. B. BAWN & CO. 
BYRON WORKS, BLACKHORSE 
LONDON, K.17 

LARKSWOOD 


LTD. 


LANE, 
(PHONE: 4411) 


4780 





ALFRED 


WISEMAN «co. tt. 


GLOVER STREET, BIRMINGHAM, 9. 
TRACTION GEAR SPECIALISTS 


REDUCING & INCREASING GEARS 
OF ALL TYPES 


BIBBY 
COUPLINGS 


2) 4591 


ALLDAYS & 
ONIONS 


BIRMINGHAM. LTD. 


FA N S See Page 18 





W ORTHINGTON-SIMPSON 
PUMPS 


LONDON - Tel.:—Holborn - 4271 (5 lines) 
NEWARK - Tel :—Newark -601-2-3 
MANCHESTER - Tel.:—Blackfriare - $3810 
BIRMINGHAM -Tel.:—Midland -5310 
NEWCASTLE -Tel.:—Newcastle - 22833 
GLASGOW -Tel.:—Donglas -1974 


FRICTION 


AU Types Satisf 
Ww. R. ANDERTON & CO., 
Clutch Specialists 


CASTLETON, ROCHDALE 3766 


LIGHTALLOYS L° 


FIRST 
QUALITY 4189 
ALUMINIUM CASTINGS 


ALPAX WORKS, St. Leonard's Road, Willesden 
Junction, london, N.W.10. Telephone : Ligar 
7191-2-3-4. Telecrams: “Lightalloys- Phone-London”’ 





SPENCER-BONECOURT 
Patent Waste Heat Boilers 


34/36, Farringdon Street, E.C.4. 4235 








HYDROJET 
BABCOCK & WILCOX 





ASH & DUST 
LTD., 34, FARRINGDON 





SLUICING ... 
STREET, LONDON, E.C.4 
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HIGGS 


CHAIRMAN 
























BIRMINGHAM 6 ENGLAND 


RATIONED OUTPUT. 





The very term and all its attendant dissatisfaction 
are extremely abhorrent to us. Yet we are com- 
pelled in our customers’ interests to resort to 
these measures to ensure equitable distribution 
of HIGGS MOTORS, the huge demand for which 
considerably exceeds current output. 





HEAD OFFICE & WORKS 
WITTON, BIRMINGHAM, 6, ENG. 


TELEPHONE BIRCHFIELDS 4545 BR. EXCH 
TELEGRAMS “ HIGSWITON” 


BRISTOL DUNDEE 
GLASGOW NOTTINGHAM 
LONDON PETERBOROUGH 
MANCHESTER SHEFFIELD 


BELFAST 
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DURABLE 
EFFICIENT 
VERSATILE 











Transmission and Conveying Chains, Wheels and Accessories for all mechanical purposes oa 
RECC = 


THE RENOLD & COVENTRY CHAIN CO. LTD. + MANCHESTER » ENGLAND 











For over seventy years 
our name ‘BENNIS’ 
has been associated with 
the latest developments 
in Combustion Engin- 
eering, and to-day, our 
Patent Mechanical 
Stoking Equipment is 
one of the answers to 
the demand for In- 
creased Production 


from British Industry. 





> A 
must production be increased 
Our illustration shows the ‘ Bennis’ 
Coking Stokers. This type of stoker Manufacturers for over 70 years of Complete Combustion Engineering Plant 


seam presure under aleondvions, BENNIS COMBUSTION LTD., Little Hulton, Bolton. “Vicsie tutor. 














4691 
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BEARINGS ARE VITAL PARTS OF THAT NEW DESIGN 





Don ‘t tie it up 
before consulting us 


We started by knowing quite a useful amount 
about bearings but during the last hive vears ive 
have learned a great deal more about the uses 

of standard and special bearings under normal 


and abnormal conditions. 


T his experience is at the disposal of all who 
have designs in hand. 





ball and roller hearings 


FISCHER BEARINGS CO. LTD., WOLVERHAMPTON. Associated with British Timken Ltd, 


DEC. 20, 1946 
a 
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